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Abstract: Reconfiguration is the process of changing the structure of a reconfigurable device at run-time. 

Reconfigurable Architectures involves the use of reconfigurable devices such as programmable logic arrays 

(PLA), programmable array logics (PAL), complex programmable logic devices (CPLD) and the field 

programmable gate arrays (FPGA) for computing purposes. Reconfigurable devices are used as a piece of hardware 

which is able to dynamically adapt to algorithms. To match the application requirements the hardware devices can 

be readapted at run-time. In this survey we give a brief overview on fine and coarse-grain reconfigurable 

architectures. In this paper a brief overview of programming logics have been discussed. The configurable logic 

block (CLB) and Look up table (LUT) have been used as logic elements. 

Keywords: Reconfigurable architecture, Field Programmable Gate Arrays (FPGAs), Look-up Table (LUT), 

Configurable Logic Block (CLB). 

 
 

I. Introduction 

 One of the most important research areas in computer 

architecture is reconfigurable architectures and are 

becoming attractive for their capabilities of performing 

many useful applications. Reconfiguration is the process 

of changing the structure of a reconfigurable device at 

run-time [6] [11]. Reconfigurable computing involves 

the use of reconfigurable devices, such as Field 

Programmable Gate Arrays (FPGAs), for computing 

purposes. FPGAs are programmable processors whose 

end-user can configure them without any fabrication 

facilities. In most applications, FPGAs have all of 

Application Specific Integrated Circuits (ASICs) 

benefits without more construction costs [1]. In the area 

of computer architecture, designers are faced with the 

trade-off between flexibility and performance [2]. The 

architectural choices span a wide spectrum, with 

general-purpose processors and application-specific 

integrated circuits (ASICs) at opposite ends. The 

application specific integrated circuit (ASIC) stands at 

the end of spectrum. It is designed for one specific task 

therefore there is no need for an instruction set. ASICs 

are dedicated hardware devices that are tuned to a very 

small number of applications or even to just one task. 

For a given task, ASICs achieve a higher performance, 

require less silicon area, and are less power consuming 

than instruction level programmable processors. 

However, they lack in flexibility [2]. Thus ASICs gives 

high performance at cost of inflexibility. The general-

purpose processor (GPP) can be found at another end of 

spectrum. A GPP is very flexible, as it can execute any 

function. Each function can be assembled by various 

instructions supported by the GPP. However, fetching 

instructions from memory and decoding them involves 

the loss of time whereas GPP are very slow [3]. The best 

solution is to use programmable circuits such as PLD, 

CPLD and FPGAs. There are some reasons that 

encourage using programmable circuits. First, the 

implementations of complex digital functions are simple, 

second, test and analysis of circuits are very easy and 

fast. Third, inexpensive fabrications for few productions 

and the most important reason are the accordance with 

functional requirements and the ability to change the 

design over again by user. This paper is organized as 

follows: in Section II, we give a brief overview of 

various reconfigurable computing systems such as the 

Estrin Fix-plus Machine, The Ramming Machine, 

Hartenstein’s XPuter, The PAM Machine, The SPLASH 

II, The PRISM Paradigm and The Garp Approach. 

Section III presents programmable logic devices. 

Section IV presents programmable logic elements such 

as logic block based on look up table (LUT) and 

configurable logic block (CLB). In Section V we define 

the fine-grain and coarse-grain reconfigurable 

architectures. Section VI presents reconfigurable 

computing hardware devices such as SRAM, anti-fuse 

technology, EPROM, EEPROM and FLASH. Finally, 

we draw the overall conclusions in section VII. 
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II. Review of Various Reconfigurable Computing 

Systems 

A. The Estrin Fix-plus Machine 

 In 1959, Gerald Estrin, a computer scientist of the 

university of California at Los Angeles, introduced the 

concept of reconfigurable computing. The following 

fragment of an Estrin publication in 1960 [1] the fix-

plus machine, defines the concept of reconfigurable 

computing paradigm. To implement its vision, Estrin 

designed a computing system, the fix-plus machine 

[1][5]. Like many reconfigurable computing systems 

available today, the fix-plus machine consists of three 

main elements. The first is a high-speed general 

purpose computer, the fixed    part (F) that can be 

implemented on any general purpose processor. In its 

fix-plus machine, the IBM 7090 were used. The 

second is A variable part (V) consisting of various 

size high-speed digital substructures that can be 

reorganized in problem-oriented special purpose 

configurations. And the third is a supervisory control 

(SC) coordinate operations between the fix module 

and the variable module. 

B. The Rammig Machine 

In the year 1977, Franz J. Rammig, a researcher at 

the university of Dortmund proposed a concept for 

editing hardware [11]. The goal was the investigation 

of a system, which, with no manual or mechanical 

interference, permits the building, changing, 

processing and destruction of real (not simulated) 

digital hardware. Rammig materialized his concept by 

developing a hardware editor similar to the today’s 

FPGA architecture. 

C. Hartenstein’s XPuter 

The Xputer’s [1] [2] concept was presented in early 

1980s by Reiner Hartenstein, a researcher at the 

University of Kaiserslautern in Germany. The goal 

was to have a very high degree of programmable 

parallelism in the hardware, at lowest possible level, 

to obtain performance not possible with the Von 

Neumann computers. Instead of sequencing the 

instructions, the Xputer used to sequence data, 

thus exploiting the regularity in the data 

dependencies of some class of applications like in 

image processing, where a repetitive processing is 

performed on a large amount of data. An Xputer 

consists of three main parts: the data sequencer, 

the data memory and the reconfigurable ALU 

(rALU) that permits the run-time configuration of 

communication at levels below instruction set level. 

Within a loop, data to be processed were accessed 

via a data structure called scan window. Data 

manipulation was done by the rALU that had access 

to many scan windows. 

D. The PAM Machine 

Introduced by Bertin et al. [1] from the Digital 

Equipment corporation, a programmable active 

memory (PAM) is defined as a uniform array of 

identical cells, the processing array blocks (PAB) 

that are connected in a given regular fashion. The 

architecture is built on the FPGA model that will 

be presented later in this chapter. The basic building 

block in a PAM is a cell, which consist of a flip flop 

and a combinatorial element with four inputs and 

four outputs. The combinatorial element consists of 

five look-up tables, each of which implements an 

output as a function of the five inputs. One hundred 

and sixty bits are, therefore, necessary to configure 

a combinatorial element. The flip flop provides a 

memory for the realization of finite state machines 

but can be used for local data storage 

E. The Splash II 

     SPLASH II [6], [4] is a computing system 

made upon a set of FPGA modules sold on 

different printed circuit boards, connected together 

to build a massive parallel computer. The system 

consists of a set of boards, called array boards that 

can be reconfigured according to the application 

currently being implemented. The array boards are 

connected to a host computer (in this case a SUN 

SPARC Station 2) via a system Bus (SBUS) and 

an interface board. Each array board features 17 

Xilinx XC4010 FPGAs. Although sixteen of the 

seventeen FPGAs are used for computation, the 

seventeenth is use for data broadcasting. Each of the 

FPGAs has access to a separate 512-Kbyte memory. 

The SPLASH II can be viewed as a large serial data 

path from the interface board to the array board. The 

SIMD bus is used to transmit data to the first FPGA 

(X0) on each board, which can then broadcast the 

data to the other sixteen FPGAs on its array. 

 

 

 



                            VVoolluummee--99  ••  NNuummbbeerr--11          JJaann  --JJuunnee  22001177  pppp..  116655--117711  aavvaaiillaabbllee  oonnlliinnee  aatt  wwwwww..ccssjjoouurrnnaallss..ccoomm    

 

AA  UUGGCC  RReeccoommmmeennddeedd  JJoouurrnnaall,,  vviissiitt  hhttttpp::////uuggcc..aacc..iinn//jjoouurrnnaalllliisstt 

Page | 167 

 
F. The PRISM Paradigm 

PRISM is an acronym for processor reconfiguration 

through instruction set metamorphosis. Developed by 

Athanas et al [2], the idea behind the PRISM is to use 

information extracted at compile-time from a given 

application and to build a new set of instructions 

tailored to that application. The so-generated 

instructions can then be implemented in a 

reconfigurable hardware unit, tightly coupled to the 

processor. To ease the programmability of such 

systems, the identification and synthesis of the 

operations in hardware should be done automatically 

and transparent to the user. This task is performed by a 

configuration compiler, which automatically performs a 

hardware/software partitioning. This results in the 

generation of a software and a hardware image. The 

software image is a sequential program to be 

executed on the processor, whereas the hardware 

image defines the configuration of the attached 

reconfigurable hardware. 

 

G.  The Garp Approach 

The approach proposed by Hauser and Wawrzynek 

[11][12] is very close to today’s embedded FPGA 

systems. The Garp was proposed as attempt to over- 

come the obstacles of reconfigurable computing 

machines, mostly consisting of a processor 

attached to a set of FPGA boards. The problems 

identified were for instance, the small capacity of 

FPGA, their expensive reconfiguration time, the 

non-availability of internal memory to temporally 

stored data to be computed and the lack of a clear 

defined standard for coupling FPGAs to processor. 

Hauser and Wawrzynek proposed a system 

consisting of a microprocessor and a 

reconfigurable array on the same die. The system 

was not different than those already proposed. 
 

III Programmable Logic Devices 

Programmable logic devices (PLD) are integrated 

circuits with internal logic gates that are connected 

together through fuses. A process that is called 

programming defines the functionality of the chip. 

ROMs (Read Only Memories), PALs (Programmable 

array logic) and PLAs Programmable Logic Arrays) are 

examples of simple PLDs. The main difference between 

these devices is the position of the fuses and the fixed 

connection between gates. Inside each PLD is a set of 

fully connected macro cells. These macro cells are 

typically comprised of some amount of combinatorial 

logic (AND and OR gates, for example) and a flip-flop. 

A PLA consists of two levels of logic gates: a 

programmable “wired” AND plane followed by a 

programmable “wired” OR-plane. A PLA is structured. 

So that any of its inputs (or their complements) can be 

AND-ed together in the AND-plane [4]. For large logic 

circuits, complex programmable logic devices (CPLD) 

can be used. A CPLD consists of a set interconnection 

network. The connection between the input/output 

blocks and the macro cells and those between macro 

cells and macro cells can be made through the 

programmable interconnection network [9] [11]. In 

practical 

viewpoint, there are two differences between FPGA and 

CPLD; first, the FPGAs with thousand gate capacity 

have more facilities instead of CPLDs to design more 

complex and huge digital systems. Second, FPGAs use 

more programmable switches for FPGA’s 

interconnection blocks that have more delay. Therefore 

FPGAs have more delays instead of CPLDs and PALs. 

Also FPGAs are implementable by using computer aided 

design (CAD) tools such as Very Log hardware design 

language (VHDL). An FPGA is a programmable device 

consisting, like the CPLDs, of three main parts. A set of 

programmable logic cells also called logic blocks or 

configurable logic blocks, a programmable 

interconnection network and a set of input and output 

cells around the device. A function to be implemented in 

FPGA is partitioned in modules, each of which can be 

implemented in a logic block. The logic blocks are then 

connected together using the programmable 

interconnection. The user in the field can program all 

three basic components of an FPGA. FPGAs can be 

programmed once or several times depending on the 

technology used [11]. Also FPGA is a general structure 

that allows very high logic capacity. Whereas CPLDs 

feature logic resources with a wide number of inputs 

(AND planes), FPGAs offer more narrow logic 

resources. FPGAs also offer a higher ratio of flip-flops 

to logic resources than do CPLDs. FPGAs comprise an 

array of uncommitted circuit elements, called logic 

blocks, and interconnect resources, but FPGA 

configuration is performed through programming by the 

end user. Fig. 3 illustrates the internal workings of a 

field programmable gate array, which is made up of 

logic blocks embedded in a general routing structure. 

The logic blocks contain processing elements for 

performing simple combinational logic, as well as flip-
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flops for implementing sequential logic. Because the 

logic units are often just simple memories, any Boolean 

combinational function of perhaps five or six inputs can 

be implemented in each logic block. The general routing 

structure allows arbitrary wiring, so the logical elements 

can be connected in the desired manner. Because of this 

generality and flexibility, an FPGA can implement very 

complex circuits [5].  

 
 

Fig.1: PAL: The OR-connections are fixed 

 
 

Fig.2: PLA: Programmable OR-connections 
 

 
                             Fig.3: An FPGA structure 

 
 

 
  

Fig.4: A CPLD device Structure 

 

IV Programmable Logic Elements 

 

Programmable logic cells used to implement Boolean 

equations with more inputs. The complication of each 

logic cell is depended on the number of functions, which 

could be implemented on it. The structure of 

programmable logic cell is based on multiplexer or look 

up table (LUT).Logic cells based on multiplexer (2n-to-

1) multiplexer (MUX) is a selector circuit with 2n inputs 

and one output. Its function is to allow only one input 

line to be fed at the output. The line to be fed at the 

output can be selected using some selector inputs. To 

select one of the 2n possible inputs, n selectors lines are 

required (Fig. 5). A MUX can be used to implement a 

given function. A complex function can be implemented 

in many multiplexers connected together. The function is 

first broken down into small pieces. Each piece is then 

implemented on a multiplexer [11]. The multiplexers 

will then be connected to build the given function. The 

devices manufactured by Actel are based on a structure 

similar to traditional gate arrays and are based on 

multiplexers. Fig. 4 illustrates the logic block in the Act 

3 and shows that it comprises an AND and OR gate that 

are connected to a multiplexer based circuit block. 

 

A. A Look-up Table (LUT) 

A look-up table (LUT) is a group of memory cells, 

which contain all the possible results of a given function 

for a given set of input values. The LUT can compute 

any function of n inputs by simply programming the 

lookup table with the truth table of the function we want 

to implement [5]. As shown in the Fig. 5 if we wanted to 

implement F=AB+C function with our 3-input LUT 
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(often referred to as a 3-LUT), we would assign values 

to the lookup table memory such that the pattern of 

select bits chooses the correct row’s "answer". The 

output values will be located in SRAM memory bits. 

Therefore complicated functions with a large number of 

inputs can be implemented by combining several lookup 

tables together. As Fig. 6 shown, in some applications 

we need to store the output bit of LUT, the D-Flip flop 

will attach at the end. A D flip-flop (DFF) is included to 

provide state-holding elements. This DFF can be 

bypassed when not needed, by selecting the appropriate 

multiplexer input behind the flip-flop [6]. 

 
 

Fig. 5. Implementation of y=ab in a 2-input                  
                                           MUX 
 

B. A Configurable Logic Block (CLB) 

The basic computing block in the Xilinx FPGAs consists 

of an LUT with variable number of inputs, a set of 

multiplexers, arithmetic logic and a storage element 

(Fig.7).The XC4000 features a logic block (called a 

Configurable Logic Block (CLB) by Xilinx) that is 

based on look-up table (LUT) and has 2000 to 15000 

gates. The Fig. 7 shows CLB design in traditional 

FPGA. The typical FPGA has a logic block with one or 

more 4-input LUT(s), optional D flip flops (DFF), and 

some form of fast carry logic. The flip-flop can be used 

for pipelining, registers, state holding functions for finite 

state machines, or any other situation where clocking is 

required [6].The XC4000 interconnect is arranged in 

horizontal and vertical channels. Each channel contains 

some number of short wire segments that span a single 

CLB (the number of segments in each channel depends 

on the specific part number), longer segments that span 

two CLBs and very long segments that span the entire 

length or width of the chip [4]. Except for the Virtex 5, 

all LUTs in Xilinx devices have four inputs and one 

output. In the Virtex 5 each LUT has six inputs and two 

outputs. The LUT can be configured either as a 6-input 

LUT, in which case only one output can be used, or as 

two 5-input LUTs, in which case each of the two outputs 

is used as output of a 5-input LUT [11]. 

 
Fig. 6. The Actel basic computing blocks uses MUX   as 

function generators 

 

V Fine Grain and Coarse Grain Reconfigurable 

Architectures 

The logic block is defined by its internal structure and 

granularity. The structure defines the different kinds of 

logic that can be implemented in the block, while the 

granularity defines the maximum word length of the 

implemented functions. The functionality of the logic 

block is obtained by controlling the connectivity of some 

basic logic gates or by using LUTs and has a direct 

impact on the routing resources. As the functional 

capability increases, the amount of logic that can be 

packed into it increases. A collection of CLBs, known as 

logic cluster, is described with the following  four 

parameters [8]; the size of (number of inputs to) a LUT, 

the number of CLBs in a cluster, the number of inputs to 

the cluster for use as inputs by the LUTs and the number 

of clock inputs to a cluster (for use by the registers). 

Thus, the size and complexity of the basic computing 

blocks is referred to as the block granularity. All the 

reconfigurable platforms based on their granularity are 

distinguished into two groups, the fine-grain and coarse-

grain systems [2] [8]. A number of reconfigurable 

systems use a granularity of logic block that we 

categorize as medium-grained. Medium grained logic 

blocks may be used to implement data-path circuits of 

varying bit widths, similar to the fine-grained structures. 

However, with the ability to perform more complex 

operations of a greater number of inputs, this type of 

structure can be used efficiently to implement a wider 

variety of operations [6]. In fine-grained architectures, 

the basic programmed building block consists of a 

combinatorial network and a few flip-flops. A fine-grain 

array has many configuration points to perform very 

small computations, and thus requires more data bits 

during configuration. The fine-grain programmability is 

more amenable to control functions, while the coarser 
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grain blocks with arithmetic capability are more useful 

for data-path operations. This type of logic block is 

useful for an encryption and image processing 

applications. The GRAP [Hauser and Wawrzynek 1997] 

and LUT Chimaera [Hauck et al. 1997] are two 

Platforms that are based on Fine-Grain Reconfigurable 

Devices. The CHESS [Marshall et al. 1999], RaPiD 

architecture [Ebeling et al. 1996] and The RAW project 

[Moritz et al. 1998] are some example of coarse-grained 

reconfigurable platform [6]. 

 

 
 

Fig.7. a basic logic block of Xilinx FPGAs 

 

VI. Reconfigurable Hardware Device Architecture 

Programming points, which may be based on anti-fuse, 

Flash, or SRAM technology, controls the logic and 

routing elements in reconfigurable computing hardware. 

In this section we discuss these technologies and specify 

the similarities and differences. 
 

A. SRAM Technology: 

The major advantage of this technology is that FPGAs 

can be configured (programmed) indefinitely. We just 

need to change the value into the SRAM cells to realize 

a new connection or a new function. Moreover, the 

device can be done in-circuit very quickly and allow the 

reconfiguration to be done on the fly [6] [11]. 

 
Fig. 8. SRAM-based FPGAs 

 

B. Anti-fuse technology 

Anti-fuse is a programmable chip technology that creates 

permanent, conductive paths between transistors. In 

contrast to "blowing fuses" in the fusible link method, 

which opens a circuit by breaking apart a conductive 

path, the anti-fuse method closes the circuit by 

"growing" a conductive via. Anti-fuses are suitable for 

FPGAs because they can be built using modified CMOS 

technology [4]. 

 

C. EPROM, EEPROM, and FLASH  

This class of non-volatile programming technology uses 

the same techniques as EPROM, EEPROM and Flash 

memory technologies. An EEPROM or EPROM 

transistor is used as a programmable switch for CPLDs 

by placing the transistor between two wires in a way that 

facilitates implementation of wired-AND functions. 

Usually the architecture also uses some general routing 

resources to realize longer connections [8]. Like in 

symmetrical arrays, the macro cells are arranged on a 

two dimensional array structure such that an entry in the 

array correspond to the coordinate of a given macro cell. 

The difference between the symmetrical array and the 

sea-of gate is that there is no space left aside between the 

macro cells for routing. In hierarchical based FPGAs, 

macro cells are hierarchically placed on the device. 

Elements with the lowest granularity are at the lowest 

level hierarchy. They are grouped to form the elements 

of the next level [10] [11]. Most current FPGAs are of 

the two-dimensional variety. This allows for a great deal 

of flexibility, as any signal can be routed on a nearly 

arbitrary path. However, providing this level of routing, 

flexibility requires a great deal of routing area. It also 

complicates the placement and routing software, as the 

software must consider a very large number of 

possibilities. One solution is to use a more one 

dimensional style of architecture. Here placement is 

restricted along one axis. With a more limited set of 

choices, the placement can be performed much more 

quickly and Routing is also simplified. One drawback of 

one dimensional routing is that if there are not enough 

routing resources for a specific area of a mapped circuit, 

and then the routing of the whole circuit becomes 

actually more difficult than on a two-dimensional array 

that provides more alternatives [6] [8].  

 

VII Conclusion 

Research in architecture of computer systems has always 

been a central preoccupation of the computer science 

and computer engineering communities. This survey 

presents the basic technology that serves as the 

foundation of reconfigurable computing. Also we have 

introduced the basic idea of lookup table and 

configurable logic block architecture to explain the need 

for dedicated computational blocks. We also have 

described common interconnection strategies. 

Understanding the concept presented here will therefore 

help to understand better and faster the changes that will 

be made on the devices in the future. 
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