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ABSTRACT

Process automation has always been one of the prrieas
of research. Evolutionary systems have had an eudgetheir
conventional counterparts as they mimic the sudgksatural
selection process. A novel evolutionary approach the
automation of microprocessor design process isudgad in
this paper. The microprocessor characteristiceaceded onto
a DNA sequence. The combination of DNA sequencetsvof
different microprocessors produces an offspring. eseh
offsprings can radically differ from
microprocessors. Such offsprings are detected gutime
validation phase and selectively added to a gers. porhe
architect has many design options as he can chivoee a
variety of such meaningful DNAs from the gene ptealsed on
his requirements. Evolution is incorporated througl gene
pool and heuristic update process. For simulatifiae
processors were selected and 38 of their charsiitsriwere
encoded onto DNA sequences. It was found that caaion
of two of these DNA sequences
microprocessors.

KEYWORDS
Processor design automation, evolutionary apprdabiA

encoding and decoding, application of simulatedeatfing,
aplication of DNA computing.

1. INTRODUCTION

Designing a microprocessor is an expensive and-time

consuming process, as the sheer number of paranetetved
in it makes it a very complicated task. Though m@ummnputer
Aided Design (CAD) tools are available to speed thjs
process, the fundamental design work still liegha human
domain. The terms, microprocessor and processer,uaed
interchangeably in the following discussion.

Several stages are involved in the designing of a

microprocessor. A change at any of the stagesrefléct on
others. This makes the task of automating desigangtone
stage very difficult and hence any tool developedutomate
the process must take into account all the stabessign.

conventional

produced valid

An evolutionary approach to automate this process i

highly appropriate as processor designing, is bselfit
evolutionary in nature. The designers tend to buigbn an
existing microprocessor by adding new features ttaarid
optimizing its existing features.

1.1 Basics of Conventional Microprocessor Design

The different
microprocessor are:

1) Algorithm stage

2) Architecture stage

3) Logic stage

4) Circuit stage

5) Layout stage

stages involved in designing

In the algorithm stage, the various functionalitigike
addition, multiplication, square rooting etc), egpal from the
processor, are fixed. This is done consideringtdngeted use
of the processor.

In the architecture stage, the components requoed
specific functionality are found out. If a functaity can be
achieved by more than a single way, the meritscamderits of
each are analyzed and one of the methods is chosen.

In the logic stage, the Boolean equation govereiach of
the components is analyzed and the corresponddgig &ircuit
(consisting of logical gates) is derived. Theseuits are then
connected together to form the overall logical wircof the
microprocessor.

In the circuit stage, each gate is broken down into

transistors using a particular technology. Otheecteical
components are also fixed up in this stage. Byeti of this
phase, we have the circuit diagram for
microprocessor.

In the layout stage, the actual position of eacth every
device and interconnect on the chip is fixed. Tisisdone
considering various issues like clock, signal intgg power
distribution, power dissipation etc.

the entire
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The interdependency among various stages of désign
key factor contributing to the complexity of theoptem.
Modern microprocessors have a transistor counfgisds 178
million [2]. Placement and routing are NP Complpteblems
[3]. Due to the extreme magnitude of the problemurtstic
based CAD placement and routing tools are used.eBan
these have severe shortcomings. Human experiersyes @
very major role in the initial placement of modutesthe die.

In the Deep Sub Micron (DSM) era, new and harder
problems related to microprocessor design havet enepThe
design paradigm has shifted from the device tdrteconnect
[4]. With billion device processors being targeiadthe next
few years, investigating an automation procedurepfocessor
design is worthwhile.

1.2 Characteristics and History of Microprocessors

The Intel family of processors is considered heoe t
illustrate the evolution of processors. [5], [6htdl 4004 was
the first archetype that laid the path for the dapiolution,
which took place over the next 3 decades. Inted4@@s a 4-
bit processor supporting clock speeds (the ratavtdath the
basic gate, inverter, switches) up to 740 kHz. dd la core
voltage of 5V, which is high compared to moderncessors.
Following this came the first 8-bit microprocessimtel 8008.
Though a little slower in terms of instructions @eicond than
its predecessor, 8008 processed eight data bétgiate and its
ability to access more RAM gave it 3 to 4 times piecessing
power of 4-bit chips. Intel's 8085, the next Intadlease,
boasted an address space of 64kbytes. It was ftis¢
microprocessor to have a register array and spetigbose
registers.

Intel's next release was the 16-bit microprocessel
8086. This release of 8086 marked the advent of the
revolutionary concept: pipelining. Pipelining isseatially the
process of breaking down a serial process intcouarstages.
Different hardware units can carry out these stages
independently and in parallel thus increasing ugton
throughput. A six byte prefetch queue was incorfgatanto the
8086 chip for pipelining. The 8086 made use 4 segme
registers which facilitated relative addressing gmdgram
relocation.

Subsequently Intel introduced the 80186. One major
feature of the 80186 series was the reduction @itimber of
separate chips required, by including features asch DMA
controller, interrupt controller, timers, and cldglect logic. In
developing next generation processors, Intel canatad on
increasing the clock frequency to enhance the dvera
performance. The Intel 80286 was developed havirapek
frequency of 12.5 MHz.

With the advent of semiconductor technology, mdrant
million transistors got packed into the next getieraIntel
processor; 80386 and 80486. They supported manyrésa
like paging, virtual addressing, multilevel proieat

multitasking and debugging capabilities.

To further push forward performance, superscalar
processing was introduced by Intel in the Pentiwaries of
processors. In this series, the clock frequency dauice
density got significantly increased (60 MHz and dliom
devices). Superscalar processors have the capatfilarallel
instruction execution by employing different datehs.

Power issues were surmounted in the next releateedf
the Intel Pentium 2. It operated at a core vol@ig2. 8V (which
is almost half of Pentium) and clock frequency GBRIHz
(which is almost four times that of Pentium). Tlaglical core
voltage reduction was possible because of advanueine
device technologies, like threshold voltage redurctin Intel’'s
Pentium 3, the number of transistors quadrupleth witrease
in the device density. The Pentium 3 incorporatgdathic
scheduling.

The release of Pentium 4 processor, with about dibm
transistors, marked the advent of the new age psocs. It
operated at a clock frequency of 3.2GHz with a aaléage of
1.72V. Pentium 4 supported hyperthreading, whichthe
implementation of the simultaneous multithreadiaghihology
on the Pentium 4 microarchitecture. Hyperthreadingvides
improved support for multi-threaded code, allowimyltiple
threads to run simultaneously.

As we observe this evolution process starting frioel
4004 to the present day dual core Pentium procgssmrease
in performance has been accompanied with increagp@wer.
However to overcome increased power consumption, ye
maintaining performance (having more functionat}jethe
clock frequency was reduced as in the latest Ihtatium
processor. This is also the first 64 bit proce$son Intel.

To achieve more functionality and computing povteg
device count increased. Technology has a signifizapact on
power, performance, reliability and cost. Since de®ices are
packed very close to each other, issues such apdioand
electro migration [16] have to be considered. THesigning a
microprocessor is a difficult and laborious task.

1.3 Evolutionary Methodology for Microprocessor Deign

There is strong case for the need of an evolutionar
methodology [7] in microprocessor design. Variougamisms
evolved over millions of years. Natural selectionakeled
inefficient charecteristics to be phased out arg dffficient
charecteristics to be enhanced and refined. Thelolement of
a microprocessor is very similar to that of a speciThe
charecteristics discussed in the previous sectioarew
introduced in the microprocessor over a periodioét Some
other charecteristics were also introduced but tledled back
later when they were found to be rather inefficiehhus,
microprocessors too, in this sense, evolve.

As processors become more and more advanced, the
complexity in their design increases. This increabe cost of
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design and the turn around time of processors. Bnound
time of a processor is defined as the time takeringuthe
design phase, design validation phase and thec&ttmn and
testing phase. This spans from the original inceptif the idea
behind the processor, to the actual time whenitbegrocessor
is produced. Turn around times have kept increadinthey
become too large, then the processor and the tehnid uses
might become outdated by the time its design is piete.
Moreover, reduction in turn around time reduces ¢bet of
production as less man-hour is spent on the desigra
processor. Thus any methodology, which reduces ttie
around time without reducing the processor’s cdjtasi, is
widely appreciated.

Human experience plays a major role in the desiga o

processor. Experts have unique instincts while diegi upon
crucial parameters. This ability, though difficulty quantify,

would be crucial for an automation tool developear f

designing processors.

Every organism is uniquely defined by its genetide:
This code consists of DNA sequences defining thvidual
traits of the organism. These characteristics antained in the
DNA strands as a sequence of nucleotides. Nuckestithe
basic building blocks of DNA, are chemical composirttat
consist of a heterocyclic base, a sugar and onenore
phosphate groups. There are four bases:

1) Adenine: A

2) Thiamine: T

3) Cytosine: C
4) Guanine: G

A string of this A T C G sequence can give a comeple

genetic description. [8]

An automation tool that would generate a designemi
some specifications, is of much interest. We prepamsnethod
of obtaining the genetic sequence for a micropramesThis
sequence, which completely describes the microgemee is
then used to evolve new microprocessor sequencaesigth
combination with other processor sequences. Thesglyn
generated sequences can then be converted into
microprocessors they represent. Post processintheofnew
design is done to rectify any errors that mightehaecurred.
Finally the new design is tested and evaluatedhédf design
meets the customized standards that are set lusérethen the
design is accepted. In this way, a population afraprocessors
is built up. Thus, the algorithm is the first stepthe true
automation of the microprocessor designing process.

2. THE METHODOLOGY

2.1 Construction of Characteristic Tree

Figure 1 shows the evolutionary method employedief
of parameters that define a processor uniquelyvéatous
design levels) are identified. Around 50 parametéas
architecture level) of contemporary processors wsed for

simulation purposes. Each characteristic is repteseas a
node in a Directed Acyclic Graph (DAG) [9]. The
dependencies that may exist between the paraméters
instance: The Critical path of interconnects depend the
Technology (such as DSM) used) are modeled as wdights
between the corresponding parameter nodes. A satrgdeis
shown in Figure 2. The term ‘tree’ is used to reéfea DAG as
it is more appropriate.

Figure 1: Overview of Proposed Methodology

PROCESSOR

the PERFORMANCE

CLOCK
FREQUENCY

DATA BUS
SPEED

PIPELINING
DEPTH

PRE-FETCH
BUFFER
QUEUE

NO. OF
EXECUTION
UNITS

PROCESSOR
TECHNOLOGY

Figure 2: Part of the Proposed Tree Structure



BICS 2006 — Brain Inspired Cognitive Systems

For programming purposes an adjacency matrix ig trse
represent the tree and each node in the tree iBuatse
containing the following parameters:

Figure 3: Structure of a Node

The tree is both flexible and re-configurable todrporate
un-foreseen parameters that might arise as regukitber
technology or architectural advancements.

2.2 Traversal of the tree

In a DNA sequence more dependent genes aczedtdoser.
Also highly dependent genes may be linked to orwhem (a
phenomenon called Linkage). If the characteristidsthe
processor need to be encoded as a realistic DNéeseg then
their placement becomes very critical. When theaeatjcy
matrix of the tree was symmetrized and a Depth-tdchDepth
First Search (DFS) [3] was performed on the tredse t
placement of the nodes was found to be more rialilis can
be attributed to the fact that DFS, being a regergrocess,
first traverses the sub tree, with the current nadets root.
This ensures that nodes that are dependant (fonpgacache
and its dependant characteristics) are placedtoesach other
as they form a sub tree.

This approach along with the introduction of ad#s factor
is used to traverse the tree. The symetrizatioth@fadjacency
matrix of the tree converts the DAG into a bi-dtreaal graph.
The fitness parameter is a function of the edgegteand
specifies the effectiveness of placement of a nodée linear
DNA sequence. A depth limited DFS is used to ensure
completeness. A further rearrangement is perforimedhe
DNA domain to ensure optimal placement.

Traversal Algorithm:

1. Compute the adjacency matrix of the tree.

2. Symmetrize the adjacency matrix.

3. Compute the maximum depth of traversal to ensure
completeness.

Traverse the tree using depth limited DFS. Store th
traversed path in an array.

5. Compute the fitness factor for all edges in the.tre

Fitness Factor (Nod¢= (W*Dy)/ W
Where )¢ weight between node i and node |
p distance between node i and node j

6. Rearrange the string in DNA domain using fithessda

On performing a DFS on the example graph( ref &g2i) the
following order of traversal was obtained :

Processor Performance Pipeline Depth  Prefetch Buffer
Queue Clock Speed Processor Technology Data Bus
Speed No. of Execution Units

The average effectiveness of placement was : 3.09

2.3 Encoding of the traversed path to the DNA sequee

A DNA sequence consists of the four fore mentioned
bases. A group of three bases make a codon ankeatiom of
codons make up a gene that specifies a unique atbasdic.
This paper proposes a fixed length encoding sch#meestring
length of each characteristic node is constantg¢rtocode the
different characteristics of the processor as a Dd¢f4uence.
Each processor characteristic has the followiniggie

Figure 4: DNA Sequence of a Node for a 20 Node Tree

Each field in the above string can be consideredaas
codon. The value of each field is converted to Basg/stem
and the corresponding DNA digit (dit) sequenceatedmnined.
A single dit can be one of the bases (A or T orrG5d The
simplicity of the fixed length encoding approactsemes less
complex decoding strategies but has inefficient mgmsage.

Gene Pool:

The DNA sequences of different processors (botbtiexj
and evolved) are stored in a gene pool. Each DNyuesgce in
the pool has a potency factor associated withhe &limination
of the last 10 % (rate of evolution) of the DNA seqce (based
on their potency factor) mimics the natural setatiprocess. In
the DNA combination stage (Ref. 2.4) two DNA seqremare
randomly chosen and allowed to combine. The inclusif the
DNA sequence of a new processor (obtained after the
evaluation stage (Ref. 2.6)) is based on its pgtésctor.

Potency Factor:
The potency factor measures the validity of the DNA

sequence and its corresponding feasibility andoperdince. It
is determined during the processor evaluation phase
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2.4 Combination of DNA Sequences

A random combination of DNA sequences produces a

large number of invalid resultant DNAs for everyidaone. A
set of heuristics have been devised for modeling th
combination process. These heuristics apart frameasing the
yield (percentage of valid processor sequences) migintain
the realism of the combination process. The modsl f
combination is discussed below.

Each node in the tree when mapped to the DNA domain

consists of five fields (Ref. Figure 4). The prasms DNA is a
linear combination of these DNA sequences. Readigiween
two DNAs involves a selection of characteristiasnfrboth the
processors [8]. We define 2 probabilities:

Pi: Probability that the current node reacts with an-n
homologous node of another processor’'s DNA.
P,: Probability that the surrounding nodes react.

Another parameter 'SPREAD' is defined as the nunifer
nodes around the current node that might reacedspvaries
from 0 to LENGTH/(20*(NODESIZE))

LENGTH=size of the DNA sequence in dits.
NODESIZE=size of one node in dits

Combination Algorithm:

1. Fix P1, P2 and SPREAD

2. SLIDEDISTANCE=LENGTH*(1-P

3. Slide the 2nd sequence over the first till eithenatch of

the node name

becomes 0

Decrement SLIDEDISTANCE by NODESIZE

Allow the current nodes to React*.

Let SPREAD/2 nodes on both sides of the currené rdd

the first DNA strand to React* with a probability. P

7. Continue the process from stepl till the entire XA is
exhausted.

o0k

Figure 5: DNA Combination

is encountered or SLIDEDISTANCE

*React:

If (random (0,1)<0.9)
Select values for each field from either of Ei¢A sequence
with equal probability.
else
Select dit by dit from either node with dquabability.

2.5 Decoding the Output String

A simple decoding strategy is used to convert ti¢AD
sequence to its corresponding tree structure. fabker length
encoding scheme, though adheres to the naturaldamro
process, was found to produce 36% of metadatad(fiel
delimiters). This complicates the decoding procElence fixed
length encoding is used (for simulation purposes).

2.6 Processor Evaluation

The resultant processor needs to be evaluated tand i
performance tested before it can be consideredafmication.
This paper proposes to evaluate the processor lapsnef an
automated simulator. This simulator would imitalte tdelays
and the power consumption of different functionaitsiand the
net list. The interconnects (net list) are modelsithg DIMCIA
[4] (developed at WARFT). We intend using BENSIM[la
synthetic benchmarking tool developed at WARFT, to
benchmark the processor and quantify its performaBased
on these results, post processing is done if napgess

2.7 Post Processing

On analyzing the DNA strand obtained after the DNA
combination process, it was observed that the tasuDNA,
when decoded, produced a valid processor with agtnbty
lesser than 0.2. That is a valid processor wasraateonly 20%

of the times. It would be waste of time to discardoffspring
sequence (processor) having small inconsistendiestead
these inconsistencies can be removed by post-fmioces
(Simulated Annealing), if the number of inconsisies were
found to be below a certain threshold (50% of datal
dependencies). If not, that offspring is discarded.

The following are examples of inconsistencies,
1) Data Inconsistencygetting value 0.5 for cache levels
(cache level must always be integral)
2) Logical Inconsistencygetting value of 2 for no. of
Cache levels and O for size of level 1 cache.

Simulated annealing [11] is employed to change the
deviating characteristics, and hence other dependen
characteristics, till a desired correlation betwélea resultant
DNA and the user specifications is obtained. Sitada
annealing, though takes longer time to convergeréderred
over other probabilistic search algorithms suclgase theory
as the accuracy of the solution is higher. If mtran one
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parameter in the resultant DNA deviates from
specifications, then these parameters are scheduchulated
annealing.

This post-processing improves the overall qualibptii
validity and potency) of all the processors in tiEne pool.
This in return ensures lesser number of inconsigsnin the
subsequent offsprings. With time, the inconsistesevill be so
rare that the DNA combinations most often produedidv
offsprings. This would eliminate the need for ferthpost-
processing. After this point, the post processitage can be
removed permanently for future generation of preces
Hence, post-processing is done primarily in theirr@gg to
enrich the knowledge represented by the gene poobuld be
noted that we were able to evolve microprocessdthout
post-processing phase (20% of the time).

The general algorithm for scheduled simulated aimgés
given below:

Simulated Annealing:

1. S: user specification (initial solution)
Class T: set of all combinations of deviating
characteristics.
2. Until (correlation->1)
2.1 While (not yet in equilibrium)
2.1.1 S'=some random neighlgsnlution of S
2.1.2=C(S")-C(S) [C(x)=cost function]
2.1.3 prob=min(Z,d%")
2.1.4 if random(0,1)<=prob th&=S'
2.2Update T
3. Return best solution

2.8 Gene pool update

As stated earlier, once the processor is evaluited
performance is quantified as its "potency factaability to
produce new processors). Processors with potencyorfa
greater than ‘Threshold potency’ are added to teegpool.
The 'threshold potency' is a measure of both théopeance
and the validity of the processor. The last 10%o{Hion Rate)
of the gene pool is deleted (based on the poteacipr). This
models Darwin’s "Natural selection” and implemerttse
phenomenon of evolution. The ‘evolution rate’ ibirarily set
at 10% and might be changed based on the analiysiie dinal
simulation results.

3. SIMULATION AND RESULTS

A simplified data driven simulation was performed.

Though 50 parameters of 5 processors were colle8&avere

used for simulationgWe realised that values for characteristics

such as Device Count, Critical Path length, Pitaokgrconnect
Delay and many such characteristics for individualcessors
were difficult to obtain with accuracy. So we regtd
ourselves to using 38 characteristics whose valuwese
available easily). (ref. Figure 9). These charasties were

user selected based both on their importance in definthg

processor uniquely. The simulation was coded in G
compiled using gcc compiler.

As stated earlier, a fixed length encoding scheras used
for encoding the characteristic tree of the promesErials were
performed using variable length encoding, which uiret
difficulties in decoding. We intend incorporatingariable
length encoding scheme both due to its similaritighvithe
natural encoding process and its memory usageieaflig. A
graph showing the memory efficiency of fixed lengind
variable length encoding for different tree sizesshown in
Figure 6. A graph showing the efficiency of placeimnéas a
function of distance of separation of related nodethe DNA
sequence) is shown in Figure 7.

Node Nurrber vs Size

3500 — Fixed Length Sequence Size

2500 —— Variable Length Segence
2000 Size

1500 Metadata in Variable Length

Size.

[0} 10 2 30 40
Node Number

Figure 6: Simulation 1

The heuristics for combining the two DNA sequenkas
already been explained in section 2.4. The DNA srges of 2
processors (out of 5) were taken (at random) frieenpool and
the DNAs were combined using the heuristics.

Node Nurrber vs Distance of Seperation
10
o /'\/—\
6 /
—— Distance of Seperation|
44
24 /
[o]
[o] 5 10 15 20 5 0 <)
Number of Nodes

Figure 7: Simulation 2

The resulting DNA sequence was correlated withDN&A
sequences of the other 3 processors in the poelcdirelation
was plotted for around 300 such trials.
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For ex: The DNA strand of 8085 was reacted witht tbf
Pentium 4. The resultant offspring was correlatédbg dit
with AMD K5, Pentium Il and AMD Athlon 64 separagel
during each trial. The highest correlation obtaingth these
three processors was taken as the correlationatfttial. We
made 300 such trials [900 correlations] and plottexihighest
correlation obtained every 15 trials (ref. Figuje 8

Simulation

0.8
0.6

0.4 +

Correlation. ...

0.2 +

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Trials

@ Corelation

Figure 8: Simulation 3
Interpretation of this Graph:

The physical significance of correlation is thate th
offspring is that much similar to the processoss ibeing
correlated with. A correlation of 1 signifies thhe offspring is
same as the processor it's being correlated with.

In the simulations, very good correlations wereaotsd in
some trials. For ex: In the 2B4trial of reacting 8085 and
Pentium 4, the correlation of the offspring withnBem Il was
0.921. This meant a deviation of 0.079 from PentilnThe
DNA length was 5092 dits. This deviation amounted®?2 dits
from Pentium Il. Since each characteristic was g wide,
this amounted to a deviation of 3 out of 38 chamastics from
Pentium II.

This meant that a processor very similar to Penfiuwas
evolved by reacting 8085 and Pentium 4 by our nuoxlagy.
Correlation obtained in Fig. 8 is obtained withaimulated
annealing.

4. DISCUSSIONS

In this paper we present an evolutionary approacttte
automation of the microprocessor design processsef of
characteristics that define a processor uniquety emcoded
onto a DNA sequence. The underlying assumptionyhith
the whole concept is built, is that the reactiotwlsen two such
processor DNAs might lead to a new architecturehis T
assumption has been proved in this paper througénsive
simulations. These simulations, however, have tope to be
taken to a new plane. Realistic DNA combinations ¢ee
carried out in laboratories using specific enzyrmguences for
both combination as well as for validation of tlesultant DNA
sequences. Adleman’s experiment [12] stands testaros
this.

In the characteristic tree of the processor, thpeddencies
between the different nodes were modeled as eddghise
This assumes these dependencies to be linear irenat
However, in actuality, the dependencies betweendifferent
processor characteristics are mostly non-linearnceewe
intend incorporating these non-linearities by rejlg the edge
weights by suitable functions. These functions rameleled as
independent nodes in the tree. A look up tabletainimg
various functions (such a sine, log, modulo etmy ats
corresponding dit sequence needs to be created. Waild
enable the mapping of various mathematical funstitm the
DNA domain. However, finding these functions regsian in-
depth knowledge of various processors and theiracieristics.
Finding the exact dependency function for each o t
processor characteristics is in itself a huge task.

Figure 9: Table of Characteristics for Five Microprocessors

For simulation purposes a fixed length encodingestd
was employed to reduce the complexity of decoditmwever
this technique is both unrealistic and has
inefficiencies. For a realistic encoding methodiafale length
encoding can be employed with the use of startsampl codon
as delimiters. In a natural DNA it has been founalt 40% of
the sequence is metadata. A simple simulation @feticoding

memory
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process using variable length encoding yielded 36étadata
(a very realistic figure). A variable length encddsequence
can be decoded with the use of stacks. The procassbe
modeled as the conversion of an expression fronx itd

postfix form before evaluation [13]. The exact, lbgcally

realistic, variable length encoding and decodingtsgies are
under investigation.

In this paper we have encoded the characterisfidheo
processor at a higher level of abstraction. A catepl
description of the processor requires encoding jost the
functionality of its various functional units, bwlso their
connectivity and placement details. Encoding eauth every
interconnect is both impractical and unnecessargweaver
some guidelines about the netlist can be encodmdinBtance,
the number of 10 terminal nets, the number of Biteal nets in
the cache region can be used as guidelines. Aalahathod of
evolving the exact connectivity matrix during theNB
combination phase, given these guidelines, is plassiThe
formation of the connectivity matrix (logical) cée compared
(functionally) to the physical formation of intermgections
between neurons in the brain [14]. The exact metlogy for
evolving this connectivity with the use of enzyniesunder
investigation.

A straightforward strategy for encoding the prooess
characteristics onto a DNA sequence is to map efdhese
characteristics to specific human traits. The etofuof a new
processor would then involve combining of two hunfaMAs
in laboratories. The resultant DNA, when mappedkhacthe
processor domain, would give the characteristicghef new
processor. This can be analyzed and post processing if
necessary.

The microprocessor characteristics can be categbiito:

Architecture
Memory
Instruction set
Technology

NS

These separate categories can be modeled as clt®mat
As reaction occurs only between homologous chromeso
this would reduce the probability of one charastérireacting
with a totally unrelated characteristic [8]. Thisuld increase
the yield by many folds.

A set of heuristics have been used for modelingDN&\
combination process. A realistic model for the coraton
process involves the use of enzymes rather tharcabg
heuristics. The use of enzymes for modeling the kioation
and validation phase would make this algorithm catitye
with DNA computers [15], which are likely to come in the
future.
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