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Abstract. In this paper we present and implement an Evolutionary Algorithm which determines an optimal 
decomposition of a specified finite state machine given as input. The main idea is to define and find a cost 
function that allow us to obtain the best implementation of states assignment for the resulting submachines in 
order to optimize the speed or area of the initial circuit. 
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1. Introduction 
 

Traditional circuit design methodologies rely on 
rules that have been developed over many 
decades.  Due to the increasingly design process 
the modern circuits design trends are following 
one of these two main directions: the first is to 
employ more designers with greater expertise 
which is expensive, and the second to simplify 
circuit design by imposing higher levels of 
abstraction to the design space. The hardware 
description languages are such an example. The 
drawback is that this could reduce the potential 
circuit behavior. Many EDA modern EDA tools 
use intelligent techniques in the optimization 
algorithms, but the circuits design along with 
some optimization decisions during the 
synthesis process are still in the domain of the 
human designer. Only in recent approaches there 
are implemented some evolutionary techniques 
to higher up the VLSI circuit design flow in 
order to generate creative designs that can rival 
or improve the human implementations. The 
recent approach defined by the new field of 
evolutionary techniques allow us to use the 
evolution mechanism to automatically design 
the circuits for us. This field has been classified 
as evolutionary electronics or hardware 
evolution. We will name it Evolvable hardware 
(EH). Evolvable hardware (EH) refers to 
hardware that can change its architecture and 
behavior dynamically and autonomously by 

interacting with its environment. At present, 
almost all EH use an evolutionary algorithm 
(EA) as their main adaptive mechanism. The EH 
respects the Darwinian evolutionary theories. 
There are different views about EH. One view 
regards EH as an application of evolutionary 
techniques to circuit synthesis. Another view 
regards EH as hardware that is capable of online 
adaptation through reconfiguring its architecture 
dynamically and autonomously. EH is different 
from the hardware implementation of EA’s, in 
which the hardware architecture does not change 
and is used to implement EA functions, such as 
selection, recombination and mutation. The 
main advantage of hardware implementation of 
EA’s is to speed up the execution of EA 
functions. The increase of speed does not imply 
faster EA execution because it does not speed up 
the fitness function evaluation which is often the 
most time-consuming part of an EA application. 
The EA can be classified into genetic algorithms 
(GA), genetic programming (GP), evolutionary 
programming (EP), and evolutionary strategies 
(ES). Another classification of the EH can be 
described by it’s implementation: extrinsic and 
intrinsic (de Garis [1]). Extrinsic EH simulates 
evolution by software and downloads the best 
configuration to hardware in each generation 
only once. Intrinsic EH simulates the evolution 
process directly in hardware, every chromosome 
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being used to dynamically reconfigure the 
hardware. This results in a number of 
reconfigurations equal to the population size in 
each generation. One of the advantages of the 
extrinsic EH is that one can obtain symbolic 
representation of circuits which can be 
implemented in a variety of digital platforms. 
Recent EH approaches focuses on evolutionary 
design of complex circuits in order to develop 
dynamically evolved hardware. According to the 
level of chromosome representation, the design 
implementation can be classified into direct and 
indirect approaches. In the direct approach the 
EH encodes the circuit’s architecture bits as 
chromosomes, which specify the connectivity 
and functions of different hardware components 
at low level of the circuit. On the other hand, the 
indirect approach, does not evolve architecture 
bits directly. It uses a higher level 
representation, such as trees or grammars, as 
chromosomes, which are then used to generate 
circuits. A grammar is represented by a 
production diagram which can be a directed 
graph. The evolutionary algorithm most 
commonly used to evolve hardware is the 
genetic algorithm, where each trial circuit 
design is encoded as a bit string. The algorithm 
explicitly separates the genetic information that 
is recombined and mutated (the genotype) from 
the current circuit that is evaluated (the 
fenotype). The fitness function needs to evaluate 
each step of the evolutionary algorithm and must 
be calculated for each member of the evolving 
population. The canonical genetic algorithm has 
three operators: selection, crossover and 
mutation. There is also another operator called 
elitism, which can be added to the list of the 
well know operators. This will be used for us in 
finding the best solution for the current 
population. 
 
2. Previous work 
 
The partitioning technique developed by 
Hartmanis and Stearns is until now the most 
systematic study of the subject [2]. One of its 
drawbacks is that not all state machines have 
well behaved closed partitions. An FSM with n 

states requires a minimum of s state variables 
for the assignment, where s = [log2 n]. 
The existence of closed partitions on the states 
of a FSM gives an insight into the structure of 
the circuit. If the state assignment code is based 
on closed partitions then the circuit is 
decomposed into smaller units operating in 
parallel, serial or as a composite structure. In 
fact the structure can be predicted by simple 
inspection of the lattice diagram of the 
partitions. 
The reduced dependency between the state 
variables after decomposition normally results in 
simpler logic equations. It should be pointed out 
that not all state machines have closed partitions 
though in theory they can be made to do so by 
state splitting. 
State assignment is a mapping from the set of 
states (symbolic names) of a Finite State 
Machine (FSM) to the set of binary codes. FSMs 
are commonly described by a State Transition 
Graph (STG) or State Transition Table (STT). 
The desirable feature of the state assignment is 
to assign binary codes to the states, in the STG, 
in such a way that can optimize some objective 
function. Although not necessarily, the objective 
function is to minimize the area of the 
combinational circuit required to realize the 
FSM. For this purpose, once binary codes have 
been assigned to states by some state assignment 
algorithm, next-state and output equations are 
defined and optimized with logic minimization 
tools. Therefore, state assignment must be 
performed in such a way that favors the 
simplification of the next-state and the output 
logic. The problem of finding an optimal state 
assignment is NP-hard. 
 
3. Problem Formulation 
 
A FSM can be classified as deterministic or non-
deterministic, and completely or incompletely 
specified. A completely specified state machine 
M can be described by a tuple M = (I, S, O, δ, 
λ), where I is a set of primary inputs, S is a set o 
state symbols, O is a set of primary outputs, δ : I 
x S → S is the next state function, and λ : I x S 
→ O is the output function for Mealy machines 
or  λ :  S → O is the output function for Moore 
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machines. Moore machines can be considered a 
special case of Mealy machines. Therefore the 
set of theories and methods used for Mealy 
machines will be also applicable to Moore 
machines. For this reason in this paper we will 
focus on Mealy FSMs. In the case of 
incompletely specified FSMs, I represents a 
finite set of inputs, S is a finite non-empty set of 
internal states, O is a finite set of outputs, δ : I x 
S → 2S is the next-state function, and λ : I x S 
→ 2O is the output function. 
 
Definition: A partition П on a set of states S is 
a collection of disjoint subsets of S, called 
blocks, whose set union is S. A partition П on 
the set of states S of a machine M is said to be a 
closed partition if and only if for any two states 
s and t which are in the same block of  П, and 
for any input i ∈ I, the next states δ(s,i) and δ(t,i) 
are in a common block of  П. A partition is a 
general partition if it is not closed. 
The original machine is called the prototype 
machine and the individual machines that make 
up the overall realization are called the 
submachines. The machine obtained as a result 
of the decomposition is called the decomposed 
machine and is implemented as a network of 
interconnected submachines. The general 
structure of such a network is shown in Fig.1. 

 
 

Figure1. General Decomposition topology. 

Zero partition П(0) denote a partition with |S| 
blocks such that each block contains exactly one 
state. It can be shown that a machine M can be 
decomposed into a set of n interacting machines 
that perform the same function as M if and only 
if there exists a set of nontrivial partitions: 
П1, П2,..., Пn  such that П1 . П2 … Пn = П(0)  
 
Definition: A legal decomposition of a machine 
M exists if for a given set of partitions П1, П2,..., 
Пn, their product is equal to П(0). 
 

4. Implementation 
 
The Evolutionary Algorithm used in this paper to 
produce the evolved circuit designs is a simple 
form of (1+λ)-ES evolutionary strategy. The 
algorithm is as follows: 
Step1. Randomly initialize a population of 
gentypes subject to constraints imposed by the 
feed-forward nature of the circuits 
Step2. Evaluate fitness of genotypes 
Step3. Copy fittest genotype into new population 
Step4. Fill remaining places in population by 
mutated versions of fittest genotype 
Step5. Replace old population by new and return 
to step 2 unless stopping criterion reached 
 
5. Results and Conclusions 
 
It has been shown in this paper that one can 
explore a much larger space of possible designs by 
employing an evolutionary algorithm together 
with a process of assembling and testing the 
designs. The paper has examined some novel 
approaches regarding the role of evolutionary 
algorithms as a novel methodology design. An 
automated approach is essential. 
 
References 
 
[1] De Garis H, (1994) An artificial Brain: ATR’s 
CAM-Brain Project Aims to Build/Evolve an 
Artificial Brain with a Million Neural Net Modules 
Inside a Trillion Cell Cellular Automata Machine, 
New Generation Computing J. 12, no. 2, pp. 215-
221 
[2] R. E. Stearns and J. Hartmanis (1961) “On the 
state assignment problem for sequential machines 
II”, IRE Trans. Elect. Comput., vol. EC-10, 
pp.593-603. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


