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Ever since the introduction of the Dynamically Reconfigurable Buses, the architecture gained a lot
of popularity amongst the researchers and scientists for its high performance computing with general
purpose processor used. It is a powerful model of computation in which communication pattern
between the processors could be changed during the execution. Following the years several new
architectures and efficient algorithms for these were proposed, and their implementation using
FPGA'’s have been shown. This paper presents a survey on the different architectures proposed, and
few important algorithms presented for these specialized architectures over the period of last two
decades.
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1. Introduction

P-RAM model is a fundamental model of parallel computation which allows concurrent
read but not the concurrent write operations [FW78]. Another model which removes this
restriction on concurrent write is W-RAM model. Kucera [Kuc82] showed how efficient
parallel algorithm can be devised using this model. In their paper it has been shown that
with n* processors we can determine the minimum of n numbers in constant time, using
n* processors we can determine the connected component of a graph with n vertices in
O(log n) time, with n® processors minimum spanning tree of an edge weighted graph with
n vertices can be obtained in O(log n) time, with n* processors all pairs shortest path
problem can be solved in O(log n) time and with n* processors a topological sorting of n
vertices of directed acyclic graph can be found in O(log n) time, all on W-RAM model.
Majority of the practical shared memory computers with coarse grain processing
elements are based on these models.

Following years different other organizations of processors were also proposed, such as
pyramid computer, mesh of tree and meshes with broadcast buses [Bok84]. These
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organizations were static in nature and communication pattern between the processors
could not be changed during the execution of the algorithm.

In March 1988, in the conference on advanced research in VLSI technology Miller,
Kumar et al. [MKRS88] proposed a new powerful model of computation known as
Meshes with reconfigurable buses. After the introduction, this architecture gained a lot of
popularity for its high performance computing with general purpose processor used. They
described their architecture as a VLSI array of processors, overlaid with a reconfigurable
bus system. The model proposed by Miller, Kumar et al. offers dynamic reconfigurability
during the execution and allows making different configurations to fulfill the different
computational needs.

From the application developer perspective, for a given application, at a given time, the
reconfigurable architecture is a spatial structure of the device that will be modified such
as to use the best computing approach to speed up that application. If a new application
has to be computed, the device structure will be modified again to match the new
application. Contrary to the Von Neumann computers, which are programmed by a set of
instructions to be executed sequentially, the structure of reconfigurable devices are
changed by modifying all or part of the hardware at compile-time or at run-time, usually
by downloading a so called bit stream into the device.

In this survey paper we highlight the work carried out by the scientist in last few years
and present few important results on the algorithmic development on these reconfigurable
architectures for solving some fundamental problems. The survey paper is organized in
the following way: Section 2 introduces basic architectures of dynamically reconfigurable
architecture; Section 3 introduces algorithms development on Reconfigurable MESH,
Processor Arrays with Reconfigurable Bus Systems (PARBS) and Polymorphic torus
network. In Section 4 we talk about the research carried out in Reconfigurable Networks
and other networks. In Section 5 algorithms development on Linear Arrays with
Reconfigurable Pipelined Bus System (LARPBS), Array with Reconfigurable Optical
Buses (AROB) and CD-PARBS are discussed. In Section 6, we highlight some of the
application areas where reconfigurable computing elements can be adopted.

2. Basic architectures of dynamically reconfigurable architecture

The basic computational unit of reconfigurable mesh is the Processing Element (PE)
which consists of switches, small storage and an ALU. A PE is capable of performing (1)
Setting up a connection pattern, (2) Read from or write onto a sub bus or memory, (3)
Performing logical and arithmetic operations and (4) Disconnecting itself from the bus in
one unit time. Four parameters are used to characterize the Reconfigurable bus models
(A) Width: It refers to the data width of the PE. There are two models which differ in the
length of the operand of the PE, Bit model and Word model. (B) Delay: it is the time
needed to propagate a signal on the buses. The two models of PEs are (1) Unit delay
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model: no matter how far signal has travelled, (2) Logarithmic delay model: O(log,N)
time is needed. (C) Bus Access: each PE is connected to the bus through its port and will
either read or write to it. There are two common models: (1) ER Model (Similar to
CREW P-RAM), (2) CR Model (Similar to CRCW P-RAM). (D) Connection Pattern:
Each PE can set the connection between its four ports based on local data or a global
instruction. There are 15 different connection patterns possible. Models differ in the
number of connection patterns (a subset of 15), which they allow [BK97].

Based on these classifications, various models of reconfigurable bus system appeared in
the literature. Most of these models are synchronous in nature and permit unconditional
global switch as well as the local switch settings. Unconditional switch setting is
performed by broadcasting a global instruction from a central controller.

These models differ in the way they are allowed to make internal connections, a few to
note are: PARBS (Processor Arrays with Reconfigurable Bus System), RMESH
(Reconfigurable Mesh), RN (Reconfigurable Network) and Polymorphic Torus Network.

PARBS: It is the most general and most powerful model. In PARBS no restriction is
placed on allowed connections that means at each node all 15 patterns of internal
connections (notation {xy} to mean that port x and y are connected to each other) are
possible, these are: (1) no connections - { }, (2) two-port connections - {NS}, {EW},
{NW}, {NE}, {SW}, {SE}, (3) three-port connections - {EWS}, {EWN}, {SNE},
{SNW}, (4) four-port connections - {EWSN}, (5) two-pair connections - {EW, SN},
{EN, WS}, {ES, WN}[LS95].

Polymorphic Torus: It is identical to the PARBS except that the rows and columns of the
underlying mesh wrap around [LM89].

RN: The Reconfigurable Network is a general model in which PEs may not lie at the grid
point and a bus segment may join an arbitrary pair of PEs [APRS91]. “In RN model, each
I/O port of a PE is connected to at most one other port”.

RMESH: 1t is a two dimensional mesh where the PEs are located on the intersection of
the grid lines of reconfigurable bus [MKRS93].

3. On Reconfigurable MESH and PARBS

The early work on the array processors with static global bus for finding maximum of a
set of values, stored one per processor on an array processors appeared in [Bok84].
Bokhari presented two phase algorithm that uses conventional links during the first phase
and the global bus during the second phase. He used two types of interconnection
patterns: the eight neighbors and the four neighbors, and shown that the time required for
finding the maximum using the two phase algorithm is omn™?), assuming the propagation
speed of the global bus to be a constant independent of the size of the array. The case
where propagation speed is logarithmic in the number of processors, the time to find
maximum is O(nzlog n)*?, for both types of arrays.
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The work of Bokhari was extended to obtain the optimal bounds for finding maximum on
array processors with k global buses by Alok Aggarwal [Agg86]. He generalized this

1
model and demonstrated that the bound T= Q[(ndGn/ kFH]. He assumed that every

processor is connected to all k buses and it receives all k broadcasts simultaneously at
interval of Gn time step. In his work, he obtained the bounds for matrix multiplication
and other functions too.

Miller, Kumar et al. [MKR88] presented solution of many important and basic problems.
They proposed O(log n) time algorithm on unit delay model and O(log” n) time algorithm
on logarithmic delay model for the parallel prefix computation. They presented a constant
time algorithm for finding OR of n bit numbers on unit delay model and O(log n) time
algorithm on logarithmic delay model. With their proposed work, maximum of JN data
items on mesh of size N was obtained in O(1) time. They also showed that any
normalized algorithm, running T(N) time on a mesh of tree of base size N can be
simulated on a reconfigurable mesh of size N to finish in O(T(N)) time under the unit
delay model, and in O(T(N) * log n) time under the log time delay model. They presented
several results for the graph related problems. In their paper they described algorithms
with better parallel time complexities than the existing best ones. They showed how the
reconfigurable meshes can be used to simulate certain fundamental techniques that have
been developed for P-RAM and W-RAM model of computations.

After the introduction of the dynamically reconfigurable architecture many models
appeared in the literature. Polymorphic torus network is an interconnection network for a
massively parallel time-grained SIMD system. The design goal of this architecture was to
provide a high communication bandwidth under packaging constraints. This goal was
achieved by the polymorphic principal who injects switching capabilities to every node of
a base network. The polymorphic approach gives flexibility in reconfiguring the
switches, individually and dynamically, to match the algorithmic requirements. Li and
Maresca [LM89] presented configurations for few basic arithmetic operations and have
shown that the OR of N = n x n Boolean numbers x;,0 <i< N —1, distributed uniformly
over the polymorphic torus network of size n x n can be obtained in constant time. They
also shown that the maximum/minimum of given N = n X n, k-bit numbers
X;, 0 <i < N -1, distributed uniformly over the polymorphic torus network, the maximum
operation can be performed in O(k) time. Same way they proposed a O(log n) time
algorithm for summing N numbers.

Mesh connected computers are widely used for their regular structure and simple
interconnections which are suitable for VLSI implementation. Chen et al. [CCCS90],
proposed an algorithm to perform semi-group computations in On"®) time having
N°/8 5 N°/#) rectangular 2-mesh connected computers with multiple broadcasting.
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Sorting is one of the most fundamental problems in computer science. Many researchers
worked for finding constant time parallel solution of this problem. Wang, Chen et al.
[WCL90] gave a constant time algorithm to sort N data items on a three diagonal array of
O(N?) processors. In their approach they used a four triangular processor arrays with a
reconfigurable bus system whose bottom processors are connected to a square processors
array, each processor is having 6 ports. They used the concept of binary summation by
proving that the triangular processor array does compute the sum of the input binary
sequence.

Many problems in science and engineering can be formulated in terms of directed and
undirected graphs. Designing a parallel graph algorithm is both theoretically &
practically important. Many researchers are extensively engaged in finding graph
formulation and parallelization of important problems. Wang and Chen [WC90] proposed
a O(1) time algorithm for computing transitive closure of an undirected graph. They
designed two algorithms, one on a n x n x n PARBS, and other on a 2-D,
n”xn?, PARBS. In their excellent work, they presented constant time parallel algorithms
for many problems including recognizing bipartite graph, finding connected components,
articulation point, bi-connected components bridges and minimum spanning tree in
undirected graphs.

The algebraic path problem is a class of problem which includes transitive closure, all
pairs shortest paths, minimum spanning tree etc. One of the methods for solving the
problem of shortest path is using matrix multiplication. In the worse case this matrix
multiplication takes O(log n) time but in some cases O(1) time is possible. Chen, Wang et
al. [CWL92] have shown that these problems can be solved in O(log n) time with matrix
multiplication using a n’xnxn, PARBS.

Addition and multiplication operations are very important functions in many computer
applications. Being the fundamental operations, the speed of the addition/ multiplication
is the most important factor in computations. Many parallel algorithms for addition and
multiplication on PARBS appeared in the literature. Thangavel & Muthuswamy [TM93]
proposed a O(1) time algorithm for computing the sum of two n bit binary numbers on
linear PARBS and O(log n) time for computing product of two n bit numbers on a
nx2n, PARBS.

Chen, Wang et al. [CWL93] gave new approach, based on functional decomposition, for
deriving algorithms on PARBS. They have shown that computing the logical XOR of n-
bits can be done in O(1) time on a 2nx3, PARBS, summation of n bits can be done in
O(1) time on a nx(n+1), PARBS, summing n, m bit integers can be done in O(1) time
ona 2mnXx2mn, PARBS and multiplication of two n-bit binary integers can be done in
O(1) time ona 4n”x4n* PARBS.
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Matrix multiplication is an important basic operation in many computations. Park, Kim et
al. [PKK93] proposed an architecture, based on the reconfigurable mesh, which can
compute two N XN, matrix multiplications in constant time. They assumed that each
element N is represented using O(log n) bits and requires N”?x N, reconfigurable mesh.
Fragopoulou [Fra93] proposed an algorithm for summation of N numbers in the range [0,
2% in O(b + log log n) time on a JIN XN, reconfigurable mesh and developed it as a
straight forward application of the O(log log n) time binary digit summation.

An exhaustive work on parallel computation on reconfigurable meshes appeared in the
paper of Miller, Kumar er al. [MKRS93]. They have presented efficient fundamental data
movement operations. They have shown how to embed other parallel architectures into
reconfigurable mesh and presented efficient solutions of graph and image problems that
rely on the fundamental data movement operations.

Chen and Chen [CC94] presented a constant time sorting algorithm by adopting 3-D
Reconfigurable Mesh with only O(n*”*) processors. They developed the algorithm on a
n"2xn"2xn"? 3D-RM. They extended the result to k-dimensional RM for

k >3,consequently a O(4"*') time sorting algorithm is realized by adopting a
D o UG 1) - v

Jang and Kumar [JK95], in their paper have shown non trivial ways to use the RM to
solve several arithmetic problems in constant time. These solutions are obtained by novel
ways to represent numbers and by exploiting the reconfigurability of the arithmetic. In
particular a constant time algorithm to add n, k-bit numbers using the nxnk bit model of
RM is shown. Using their technique, an optimal sorting algorithm on the RM has been
derived. The algorithm sorts n numbers in constant time using nXn processors. They
claimed that the algorithm runs on all known variants of the RM model.

Koji Nakano [Nak95a] has given algorithms to optimally initializing the RM in which
every processor executes the same program and learn its x coordinate and y coordinate,
that is each PE(i, j) learns the value of i and j. It has been shown that initializing a RM of
the bit transfer model can be performed in O(log n) time and the same operation of
executive word transfer model can be performed in O(log log n) time. In another
correspondence [Nak95b], an efficient but not optimal algorithm for obtaining prefix
sums of n binary values has been proposed. The algorithm takes

logn . .
(0] time on n X m reconfigurable mesh of the word model.
( %,/mxlogm +10g10gn)] g

It has also been shown that the prefix-sums of n binary values can be computed in

logn . . .
O time on n X m reconfigurable mesh of the word model, if the
( (,/mxlogm +1)J g

reconfigurable mesh has communication capability that allows simultaneous sending to
the same bus.
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Nakano and Wada [NW95] presented an algorithm for summing n, d-bit integer on the bit
and word model of reconfigurable bus architecture. They have shown that the sum can be
obtain in constant time on a 2dnx2n RM of the bit model, product of n-bit and n’ bit
integer can be computed in constant time on a 2n(n+n’+1)x2n RM of the bit model.

( M)J time on a

nxm RM of the bit model. They have presented many other results on bit and word
models.

Further the sum of n binary values can be computed in O{logn

Later, in their other communication Nakano and Wada [NW98] have shown following
algorithms to compute the sum of n d-bit integers on reconfigurable parallel computation
models: (1) a constant-time algorithm on a reconfigurable mesh of the bit model of size

\/; log(o(l)) n xd\/n_, (2) an O(log*n)-time algorithm on a reconfigurable mesh of the bit

model of size \/nllog* n xd\/n/log*n, (3) an O(log d + log*n)-time algorithm on a
reconfigurable mesh of the word model of size
\/n /(logd +1log*n) X\/n /(logd +1log*n), and (4) an O(log*n)-time algorithm on a VLSI

reconfigurable circuit of area O(dn/log* n), improving all previously claimed timings.

Bokka, Gurla ef al. [BGOS95] proposed constant time solutions for testing an arbitrary
polygon for convexity, solving the point location problem, solving the supporting lines
problems, solving the stabbing problem, determining the minimum perimeter corner
triangle for a convex polygon, determining the k-maximal vertices of a restricted class of
polygons and other related problems in constant time, using the JYnx+v/n RM model of
PARBS. They assumed that one or two n vertex polygons are pretiled one vector per

processor onto a RM of size \/; X \/; .

One of the fundamental issues which arise is, whether the reconfigurable model is a basis
for the design of massively parallel computers? Or in other words, this self simulation
problem ask, can the given algorithm, designed for a large RM, be executed on a smaller
RM? In their work Asher, Gordon and Schuster [AGS95] have shown how this
simulation can be carried out optimally. They have shown a technique to achieve
asymptotically optimal self simulation on models which allows buses to switch column
and row edges, provided that the bus is a linear path of connected edges.

Divide and conquer is one of the most favorite design paradigm for solving sequential or
parallel algorithms. In the paper of Lai and Sheng [LS95], it has been shown that dividing
a problem evenly is not necessarily a good approach. For some problems natural
decomposition may be preferable, in which the problem is divide into subproblems along
their natural boundaries, resulting in a irregular decomposition. Taking this approach,
they obtained a new R-Mesh algorithm that triangulates a set of point in O(1) time.
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Precisely, they have shown that triangulating a uni-monotone, simple polygon of n
vertices can be computed in O(1) time on a n x n Reconfigurable mesh.

Chen, Olariu ef al. [COS*96] given a constant time tree algorithm on RM of size nxn .
They have presented some parallel algorithms for basic data movement. In their work
they have shown that the sorting of n left and right parentheses as input, where the string
is well formed, can be determined in O(1) time on a RM of size nxn. In case the string is
well formed, all matching pairs can be found in O(1) time on the same reconfigurable
mesh.

List ranking problem is one of the fundamental design paradigms for parallel algorithms.
In their work Hiyashi, Nakano et al. [HN096] suggested that an instance of size n of the
list ranking problem can be solved in O(1) time on a n x n RMESH, provided that a good
ruling set is available. Later, Kim and Park [KP2K] shown that the same deterministic
and randomized time complexities can be achieved using only O(n'*®) processors, where
€ is an arbitrary positive constant < 1. To reduce the number of processors, they adopted
a reconfigurable mesh of high dimensions and develop a new technique called path
embedding.

Jang, Nigam et al. [JNKS97] developed constant time algorithms for computational
geometry problems. These problems include convex hull, k-dimensional maxima, two set
dominance counting, smallest enclosing box, all pairs nearest neighbor and
triangularization, all on the RM. They have shown that given n points, stored in a row of
the reconfigurable mesh, all these problems can be solved in O(1) time ona NxN RM.

Jang, Park and Kumar [JPK97] have proposed a O(1) time algorithm to multiply two N
bit numbers using Nx N bit model of RM. The result is achieved by using a technique
for data representation and data movement and using multidimensional Radar Transform
(RT). They used the known concept of RT, which is a transform in a finite field
(generally in a ring), has cyclic convolution property and is without round off errors. The

algorithm has been extended to result in AT, optimally over 1< T < \/ﬁ . in a variant of
the bit model of VLSI. They used three different schemes to represent numbers.

Bondalapati and Kumar [BK98] developed a formal methodology for mapping loops onto
reconfigurable architectures. They developed a parameterized abstract model of
reconfigurable architecture which is general enough to capture a wide range of
configurable systems. They have given a polynomial time algorithm to compute the
optimal sequence of configuration for one important variant of the problem. They have
proved that the optimal sequence of configuration of N iterations of a loop statement with
p tasks, when each task can be executed in one of m possible configurations, can be
computed in O(pm3) time.
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Yingyu et al. [YY+2K] proposed efficient algorithms for computing the minimum spanning
tree of an n-vertex undirected graph. One runs on n X n reconfigurable mesh with time
complexity of O(logzn), other runs with time complexity of O(log n) on an n'* x n

reconfigurable mesh, where 0 < € < 1 is a constant.

Multiple additions are the problem of adding N b-bit integers. Prefix sums and multiple
additions play fundamental roles in many algorithms, particularly on the reconfigurable
mesh (R-Mesh). Scaling algorithms on the R-Mesh to run with the same or increased
efficiency on fewer processors is a challenging and important proposition. Trahan and
Vaidyanathan presented [TV02] new algorithms that scale with increasing efficiency for
multiple addition, prefix sums, and matrix—vector multiplication. They have shown that

for T=0 5 and 0<T<N, given N b-bit integers, the prefix sums of
log(b +1log N)

these numbers can be computed on a word-model LR-Mesh of

size O|

b N
(—+log—)’ N
ST T |yof N
) T

N (R +log E)j in O(T) time. Furthermore, if T = Q(log(b
log(¥ + log; T T

+ logN)), then the prefix sums are in word format; otherwise, they are in BIN format.

4. On Reconfigurable Network (RN) and other Networks

The work done by Asher, Pegeg et al. [APRS91] is a detailed description of the
Reconfigurable Network (RN). They investigated the theoretical limits of the
computation power of a constant degree reconfigurable network with a polynomial
number of switches and focused the operations, requiring constant time. They have
presented a precise definition of Reconfigurable Network, a model of PARBS, and
presented some basic tools, exemplified via the design of efficient algorithms for the
problems of addition and sorting. In particular they have constructed a constant time
optimal area sorting network. They have shown the relationship between RN and
branching programs. They also investigated the relationship between the RN and P-RAM
models and shown that an EREW P-RAM may simulate any RN in logarithmic time.
They have also shown, by introducing different kind of switches, that the power of RN
can be enhanced so every problem in P-time can be answered in constant time by a RM.

The hyperbolic broadcast bus network consists of processors which are connected by
global buses only. Tsai, Tsai et al. [THT"97] designed constant time basic operations for
finding the maximum/minimum of N numbers, each of size O(log n) and computing a
matrix multiplication operation of two N x N matrix. Based on these two operations
algebraic path problem, connectivity problem and several problems are solved in O(log
n) time.
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Biing-Feng Wang [Wang98] addressed the problem of simulating the CRCW PRAM on
reconfigurable networks. He shown that if N and M, respectively, be the numbers of
processors and memory cells contained in the CRCW PRAM then a two-dimensional N x
MN'" reconfigurable network can simulate any operation performed on the CRCW
PRAM in O(1) time, where r > 2 and is a constant. If N < M, then any operation
performed on the CRCW PRAM can be simulated in O(1) time on a r-dimensional Nt
x N x NP1 (M/N™#™) reconfigurable network, where r > 2 and is a constant.

5. On CD-PARBS and Optical bus based Networks

An Array with Reconfigurable Optical Buses (AROB) is essentially a mxn RM in
which the buses are implemented using optical technology. In their paper, Rajsekaran and
Sahni [RS97] presented efficient algorithms for sorting, selection and packet routing on
the AROB model. Their algorithm sorts n general keys in O(1) time on AROB of size
n®xn, for any constante >0.They have also shown that selection from, out of n
elements can be done in randomized O(1) time using n processors.

Another practical parallel computational model known as linear arrays with
reconfigurable pipelined bus system (LARPBS), which uses fiber optics communication,
has been proposed by Pan and Li [PL98]. They have shown several basic movement
operations on this model, these include broadcast multicast compression, split, binary
prefix sum, maximum finding etc. Using these operations several image processing
algorithms are also presented.

Pan et al. [PHL98] also proposed a parallel quick-sort algorithm on the same model
(LARPBS) and shown that for a set of N numbers, the quick-sort algorithm runs in
O(logy,N) average time on a linear array with a reconfigurable pipelined bus system of
size N. If the number of processors available is reduced to P, where P < N, the algorithm
runs in O((N/P) log,N) average time and is still scalable.

Parallel matrix multiplication problem is the heart of many scientific problems. Li, Pan
and Zheng [LPZ98a, b] presented fast and cost efficient parallel algorithms for a number
of important and fundamental matrix problems including computing the inverse of a
matrix (or a lower/upper triangular matrix), the characteristic polynomial and the
determinant of a matrix, the N power of a matrix, a LU and QR factorization of a matrix
and solving linear system of equations, using reconfigurable pipelined bus systems. They
have shown that the inverse of a lower triangular matrix can be obtained in O(log N)'*

(log N-1)
time with O N* /(gj , 1<8 <1, number of processors. The LU factorization of

) (logN)
a matrix can be performed in O(log N)*** time with O| N* /[g} , 126<1,
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processors. In another communication they have presented efficient parallel matrix
multiplication algorithm for linear arrays with reconfigurable pipelined bus system. They
developed five algorithms with varying degree of parallelism. In the literature, the best
known matrix multiplication takes O(NB) where B < 2.375 [DW90], but the constant
associated with these methods are so high that the parallelization is only of the theoretical
interest. In their approach they described implementation of several primitive
communication operations on LPARBS which are the building blocks of their algorithms.
They have shown that matrix multiplication can be performed using one of their five
algorithms presented on LARPBS model in O(log n) time with O(N**"7*) processors,
where each processor has O(log n) memory.

Since PARBS cannot control the direction of the signal flow, for many directed graph
problems it not possible to find correct connections on PARBS. Hence directed graph
algorithms, including the redundant arc elimination problem cannot be solves always
correctly. A new modified model called D-PARBS (directed PARBS) has been proposed
to solve these directed graph problems by Kuo, Hsu ef al. [KHF99]. They have shown
constant time algorithms with O(N?) processors to solve topological sort, transitive
closure, cyclic graph checking and strongly connected problems on directed graphs.

Using the same model of computation an algorithm for the triangularization of a matrix
whose graph is a directed acyclic graph, popularly known as dag, was proposed by
Wankar et al. [WCF2K]. One of the algorithms for obtaining this special form has been
given by Sargent and Westerberg. Their approach is practically good but sequential in
nature and cannot be parallelized easily. In this work they presented a parallel algorithm
which is based on the observation that, if we find the transitive closure matrix of a
directed acyclic graph, count the number of entries in each row, sort them in the
ascending order of their values and rank them accordingly, we get a lower triangular
matrix. We show that all these operations can be done using 3-d CD-PARBS (Complete
Directed PARBS) in constant time. The same approach can be used for the block cases,
producing the same relabeling as produced by Tarjan’s [Tar72] algorithm, in constant
time.

Li, Yi Pan er al. [LPH2K] solved a number of important and interesting problems from
graph theory on a linear array with a reconfigurable pipelined optical bus system. Their
algorithms were based on fast matrix multiplication and extreme value finding
algorithms. Some of the important results includes: The product of two N X N Boolean
matrices can be calculated in O(1) time by using O(N’/ log n) processors. The tree
problem for an undirected graph with N vertices can be solved in O(log n) time by using
N° processors. The transitive closure of a directed graph with N vertices can be found in
O(log n) time by using O(N*/ log n) processors. The strong components of a directed
graph with N vertices can be found in O(log n) time by using O(N?/ log n) processors.
The connected components of an undirected graph with N vertices can be found in O(log
n) time by using O(N?/ log n) processors.



Reconfigurable Architectures and Algorithms: A Research Survey 119

Eshaghian, Lili Hai [EHO1] presented an electro-optical architecture called the Optical
Reconfigurable Mesh (ORM). The ORM has two layers: the deflection layer and the
processing layer. The processing layer is an N x N reconfigurable mesh. They used
additional deflection layer, situated directly above the processing layer, provides unit-
time free space optical interconnections for the processors. They presented many
algorithms using this new architecture and shown that given an N x N image G, the
convex hulls of all figures in G can be found in O(log n) time using an NxN ORM.

The Euclidean distance transform (EDT) is an operation to convert a binary image
consisting of black and white pixels to a representation where each pixel has the
Euclidean distance of the nearest black pixel. It has many applications in computer vision
and image processing. Datta and Soundaralakshmi [DS04] presented two algorithms for
computing the EDT on LARPBS. The first algorithm runs in O(log log n) time for a
binary N x N image on an LARPBS with N+ processors, for any fixed €, O<e<1, and the
second algorithm runs in O((N2/P2)loglog p) time if the LARPBS has only p2+E
processors, for p < N.

Using linear array with a reconfigurable pipelined bus system Wang [Wang07] proposed
to solve two and three dimensional all nearest neighbor (D_ANN) problem, from image
processing perspective. For two-dimensional (2D) binary image of size N xN, he devise
an 2D_ANN using a LARPBS of size N**¢ where 0 < € <<1 and for a three dimensional
(3D) binary image of size N XN x N, he devised an algorithm for solving the 3D_ANN
problem using a LARPBS of size N°**, where 0 < & < 1.

The reconfigurable mesh is a model for massively parallel computing for which many
algorithms with very low complexity have been developed. These algorithms execute
cycles of bus configuration, communication, and constant-time computation on all
processing elements in a lock-step. In this paper, Giefers and Platzner [GPO7]
investigated the use of reconfigurable meshes as coprocessors to accelerate important
algorithmic kernels. They discussed the development of a reconfigurable mesh on FPGA
technology, including the host integration and the programming tool flow.

6. Applications

We present certain fields where the use of reconfiguration can be of great interest.
Moreover since the field is still emerging, many new areas of application are likely to be
developed in the future.

In order to secure market segments, manufacturers must release their products as quickly
as possible. In many cases, a well working product can be released with less
functionality. The manufacturer can then upgrade the product on the field to incorporate
new functionalities. While this approach works with normal Von Neumann processors, it
is not the case with application specific instruction set processors. A reconfigurable
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device provides such capabilities of being upgraded in the field, by changing the
configuration.

Contrary to software development, errors discovered after the production mean enormous
loss because the produced pieces become either unusable or a great adaptation effort must
be spent for the deployment. Rapid prototyping allows a device to be tested in real
hardware before the final production. In this sense, errors can be corrected without
affecting the pieces already produced. A reconfigurable device is useful here, because it
can be used several times to implement different versions of the final product until an
error-free state.

The design of ubiquitous computing system is cumbersome task that cannot be dealt with
only at compile time. Because of uncertainty and unpredictability of such systems, it is
impossible, at compile time, to address all scenarios that can happen at run-time, because
of unpredictable changes in the environment. We need computing systems that are able to
adapt their behavior and structure to change operating and environmental conditions, to
time-varying optimizing objectives, and to physical constraints such as changing
protocols and new standards. We call those computing systems Adaptive Computing
System. Reconfiguration can provide a good fundament for the realization of adaptive
systems, because it allows system to quickly react to changes by adopting the optimal
behavior for a given run-time scenario.

Conclusion

Several model of dynamically reconfigurable architecture have been proposed during last
20 years time. Several efficient/optimal parallel algorithms have been designed, but their
implemented using FPGA’s remains to be a difficult job. On the other side there are
several other problems/applications as highlighted in section 6 for which the design of
parallel algorithms using these architectures remains to be open research problems.
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