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Abstract

To improve the reconfiguration efficiency of very-large-scale integrated logic ar-
rays, this paper proposes an improved algorithm based on the shortest long-link
first selection principle. The algorithm constructs logic columns from both ends
of the array respectively until the two logic columns intersect, at which point
the construction terminates. Within the local region bounded by the two in-
tersecting logic columns, the processor unit with the shortest long-link in each
row is identified in a top-to-bottom manner, and the selected processor units
are utilized to construct locally optimal logic columns. Building upon these
operations and employing a divide-and-conquer approach, the newly obtained
logic columns serve as boundaries for new local regions, and new locally optimal
logic columns are acquired iteratively in sequence. Finally, by connecting the
obtained locally optimal logic columns, the final target array can be obtained.
The efficiency of the algorithm is verified through comparative analysis with
existing reconfiguration algorithms. Simulation results demonstrate that, under
the condition of maintaining constant logic array size, the proposed algorithm
can effectively reduce the number of processor accesses during array reconfigu-
ration compared to existing algorithms, and can reduce reconfiguration runtime
to a certain extent, thereby improving the reconfiguration efficiency of logic
arrays.

Full Text
Abstract

To improve the reconstruction efficiency of ultra-large-scale integrated logic ar-
rays, this paper proposes an improved algorithm based on the shortest long-
link priority selection principle. The algorithm constructs logical columns from
both ends of the array, searching for processor units with the shortest long-links
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in each row through intersecting logical columns. When intersecting logical
columns are found, the construction process stops within a local area bounded
by these columns. The selected processing units within this region are then used
to construct locally optimal logical columns. Employing a top-down divide-and-
conquer strategy, the algorithm connects these locally optimal logical columns,
using each newly obtained logical column as the boundary for a new local re-
gion. Through iterative application of this process, new locally optimal logical
columns are obtained sequentially until the final target array is constructed.

Comparative analysis and simulation results demonstrate that the proposed
algorithm effectively reduces processor access count during array reconstruction
and decreases reconstruction runtime while maintaining array scale. Compared
with existing reconstruction algorithms, this approach significantly improves
logic array reconstruction efficiency. The algorithm’ s effectiveness is verified
through comprehensive testing across various fault rates and array sizes.

Keywords: reconfiguration; algorithm; array; fault tolerance; high-efficiency

1 VLSI Array Structure and Problem Description

Consider an original array H of size mxn, where m and n represent the number
of rows and columns respectively. Let p denote the fault density of the original
array, and N represent the number of faulty processing units. A faulty process-
ing unit is defined as one that cannot process data or receive data from other
processing units. After reconfiguration, the resulting array is called a logical
array T of size m” xn’ , which contains no faulty processing units. Rows in
the original and logical arrays are referred to as physical rows and logical rows,
respectively.

The physical architecture of the array is illustrated in [FIGURE:N]. Each switch
has multiple link states, and each processing unit can change its connection
pattern by altering the routing switch states. For a processing unit e_ {i,j} where
i is the row index and j is the column index, there are two basic reconfiguration
schemes: row bypass and column rerouting. In row bypass, a faulty processing
unit e_ {i,j} is bypassed, while column rerouting follows a similar definition. In
column rerouting, if e {i,j} is faulty, it can be directly connected to e {i+1,j}
through external switches. The compensation distance d is defined to ensure
low-power hardware implementation.

For each fault-free processing unit in a row, the upper and lower adjacent node
sets are denoted as A__{up} and A_ {down}, defined as follows:

A _{up}(u) = {v | v is fault-free, row(v) - row(u) = 1, |col(v) - col(u)| < 1, 2 <
row(v) < m}

A_{down}(u) = {v | v is fault-free, row(v) - row(u) = 1, |col(v) - col(u)| < 1,
1 <row(v) <m-1}

For any processing unit v in A_ {down}(u), v is called the lower-left adjacent
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processing unit of u if col(v) - col(u) = -1, the lower-middle adjacent unit if
col(v) - col(u) = 0, and the lower-right adjacent unit if col(v) - col(u) = 1.

Link connections are classified as short connections or long connections based
on the number of switches used. A connection using n switches to connect pro-
cessing units in the target array is called a long connection. A two-dimensional
logic array has multiple possible link patterns. The research problem involves
finding a fault-free high-performance target array (HPTA) with the minimum
number of long links in a mesh-connected processor array with faulty nodes,
under row bypass and column rerouting constraints.

2 ACRIL Algorithm
2.1 Algorithm Overview

The ACRIL (Acceleration algorithm using shortest long-link priority selection)
algorithm employs a divide-and-conquer strategy to solve the reconstruction
problem without limiting compensation distance. The overall approach is as
follows:

During each iteration, the algorithm constructs logical columns from left to
right and right to left simultaneously, forming intersecting logical columns. The
intersection points are stored in a set. Using an intelligent search algorithm,
three sub-processes—Up_ {Process}, Down_ {Process}, and Shest_ {Process}—
are executed to obtain path segments. These three path segments are then
merged to form a complete logical column. The newly obtained logical column
serves as a new boundary, and the process continues iteratively until all logical
columns are constructed.

The algorithm reduces access to fault-free nodes during logical column recon-
struction, thereby improving reconstruction efficiency and reducing reconstruc-
tion time for the original array.

2.2 Sub-process Descriptions

Up__{Process}: Solves for the sub-logical column from the first common pro-
cessing unit to the first row.

Down__{Process}: Solves for the sub-logical column from the last common
processing unit to the last row.

Shest__{Process}: Solves for the sub-logical column between common pro-
cessing units.

The pseudo-code for finding the optimal logical column is as follows:

while intersection set is not empty:

// Process first row element
heuristic search algorithm to find Up_{Process}
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// Process last row element
heuristic search algorithm to find Down_{Process}

// Process intersection points
for each pair of adjacent intersections:
directly add to path
heuristic search algorithm to find Shest_{Process}

// Merge paths
merge three path segments to form complete logical column

The Shest_ {Process} sub-process employs heuristic search principles. For a
path P between two common nodes S and T, the algorithm calculates node
weights and maintains open and closed lists. Nodes are added to appropriate
lists based on specific conditions. When a node is already in the open list, its
weight is recalculated. The process terminates when the open list is empty or
the current node equals T.

The pseudo-code for the sub-process is:

while open list is not empty:
get node u with minimum weight from open list as current node
add current node to closed list

if current node is T:
return path P between S and T

while lower adjacent set of current node is not empty:
get lower adjacent node u
calculate weight of u

if u in open list:
recalculate weight of u
else:
add u to open list

remove u from lower adjacent set

The path segments obtained from the three sub-processes are merged to form a
complete logical column. The node access count for ACRIL is significantly lower
than that of existing algorithms, as each sub-process primarily utilizes heuristic
search principles to minimize unnecessary node visits.

3 Experimental Analysis

To validate the effectiveness of the ACRIL algorithm, we implemented it and
compared its performance with existing reconstruction algorithms. All algo-
rithms were executed in the same experimental environment: an Intel processor
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with Windows operating system.

The experiments tested various array sizes (32$x32,48x48,64x$64) with fault
rates set to 1%, 5%, 10%, and 15%. For each configuration, we measured
reconstruction time and node access count.

3.1 Performance Metrics

[TABLE:N] presents the performance metrics of the ACRIL algorithm compared
with existing methods. The results show that under identical fault rate condi-
tions, both algorithms obtain target logical arrays of the same scale, but ACRIL
achieves shorter reconstruction times, indicating higher efficiency in recovering
from fault states.

In a 48$x48originalarraywitha5x$64 array with the same fault rate, exist-
ing algorithms take 892.4 seconds, whereas ACRIL completes reconstruction in
766.3 seconds, yielding a 14.13% efficiency improvement.

3.2 Node Access Comparison

The experimental data demonstrates that ACRIL significantly reduces node
access count during logical column reconstruction compared to existing algo-
rithms. This reduction in processor unit access frequency directly contributes
to decreased reconstruction time and lower runtime performance overhead.

For a 32$x32o0riginalarray, thenodeaccesspatternsareas follows : —Atl x31targetarray—
Atbx2Ttargetarray — At10x$23 target array

Despite producing identical target array scales, ACRIL accesses fewer nodes
during the reconstruction process, confirming its superior efficiency.

4 Conclusion

This study proposes an improved array reconstruction algorithm based on short-
est long-link priority selection. By reducing processing unit access count dur-
ing reconstruction, the algorithm accelerates the reconfiguration process and
improves overall efficiency. Experimental results confirm that ACRIL outper-
forms existing reconstruction algorithms across various array sizes and fault
rates, reducing both node access count and reconstruction time.

Future research will focus on developing new improvements that consider the
impact of logical column selection on array scale during the construction process,
particularly for degradable arrays, to provide further performance optimization
for array reconstruction.
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