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ABSTRACT 

 
Process automation has always been one of the prime areas 

of research. Evolutionary systems have had an edge over their 
conventional counterparts as they mimic the successful natural 
selection process. A novel evolutionary approach for the 
automation of microprocessor design process is discussed in 
this paper. The microprocessor characteristics are encoded onto 
a DNA sequence. The combination of DNA sequences of two 
different microprocessors produces an offspring. These 
offsprings can radically differ from conventional 
microprocessors. Such offsprings are detected during the 
validation phase and selectively added to a gene pool. . The 
architect has many design options as he can choose from a 
variety of such meaningful DNAs from the gene pool, based on 
his requirements. Evolution is incorporated through the gene 
pool and heuristic update process. For simulation, five 
processors were selected and 38 of their characteristics were 
encoded onto DNA sequences. It was found that combination 
of two of these DNA sequences produced valid 
microprocessors. 
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1. INTRODUCTION 

 
Designing a microprocessor is an expensive and time-

consuming process, as the sheer number of parameters involved 
in it makes it a very complicated task. Though many Computer 
Aided Design (CAD) tools are available to speed up this 
process, the fundamental design work still lies in the human 
domain. The terms, microprocessor and processor, are used 
interchangeably in the following discussion. 

 
Several stages are involved in the designing of a 

microprocessor. A change at any of the stages will reflect on 
others. This makes the task of automating design at any one 
stage very difficult and hence any tool developed to automate 
the process must take into account all the stages of design.  

 
An evolutionary approach to automate this process is 

highly appropriate as processor designing, is by itself, 
evolutionary in nature. The designers tend to build upon an 
existing microprocessor by adding new features to it and 
optimizing its existing features. 

 
 

1.1 Basics of Conventional Microprocessor Design 
 
The different stages involved in designing a 

microprocessor are: 
1) Algorithm stage 
2) Architecture stage 
3) Logic stage 
4) Circuit stage 
5) Layout stage 

 
In the algorithm stage, the various functionalities (like 

addition, multiplication, square rooting etc), expected from the 
processor, are fixed. This is done considering the targeted use 
of the processor. 

 
In the architecture stage, the components required for a 

specific functionality are found out. If a functionality can be 
achieved by more than a single way, the merits and demerits of 
each are analyzed and one of the methods is chosen.  

 
In the logic stage, the Boolean equation governing each of 

the components is analyzed and the corresponding logic circuit 
(consisting of logical gates) is derived. These circuits are then 
connected together to form the overall logical circuit of the 
microprocessor.  

 
In the circuit stage, each gate is broken down into 

transistors using a particular technology. Other electrical 
components are also fixed up in this stage. By the end of this 
phase, we have the circuit diagram for the entire 
microprocessor. 

 
In the layout stage, the actual position of each and every 

device and interconnect on the chip is fixed. This is done 
considering various issues like clock, signal integrity, power 
distribution, power dissipation etc. 
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The interdependency among various stages of design is a 

key factor contributing to the complexity of the problem. 
Modern microprocessors have a transistor count as high as 178 
million [2]. Placement and routing are NP Complete problems 
[3]. Due to the extreme magnitude of the problem, heuristic 
based CAD placement and routing tools are used. But even 
these have severe shortcomings. Human experience plays a 
very major role in the initial placement of modules on the die. 

 
In the Deep Sub Micron (DSM) era, new and harder 

problems related to microprocessor design have crept up. The 
design paradigm has shifted from the device to the interconnect 
[4]. With billion device processors being targeted in the next 
few years, investigating an automation procedure for processor 
design is worthwhile. 
 
 
1.2 Characteristics and History of Microprocessors 

 
The Intel family of processors is considered here to 

illustrate the evolution of processors. [5], [6]. Intel 4004 was 
the first archetype that laid the path for the rapid evolution, 
which took place over the next 3 decades. Intel 4004 was a 4-
bit processor supporting clock speeds (the rate at which the 
basic gate, inverter, switches) up to 740 kHz. It had a core 
voltage of 5V, which is high compared to modern processors. 
Following this came the first 8-bit microprocessor, Intel 8008. 
Though a little slower in terms of instructions per second than 
its predecessor, 8008 processed eight data bits at a time and its 
ability to access more RAM gave it 3 to 4 times the processing 
power of 4-bit chips. Intel’s 8085, the next Intel release, 
boasted an address space of 64kbytes. It was the first 
microprocessor to have a register array and special purpose 
registers. 

 
Intel’s next release was the 16-bit microprocessor Intel 

8086. This release of 8086 marked the advent of the 
revolutionary concept: pipelining. Pipelining is essentially the 
process of breaking down a serial process into various stages. 
Different hardware units can carry out these stages 
independently and in parallel thus increasing instruction 
throughput. A six byte prefetch queue was incorporated into the 
8086 chip for pipelining. The 8086 made use 4 segment 
registers which facilitated relative addressing and program 
relocation.  

 
Subsequently Intel introduced the 80186. One major 

feature of the 80186 series was the reduction of the number of 
separate chips required, by including features such as a DMA 
controller, interrupt controller, timers, and chip select logic. In 
developing next generation processors, Intel concentrated on 
increasing the clock frequency to enhance the overall 
performance. The Intel 80286 was developed having a clock 
frequency of 12.5 MHz.  

 
With the advent of semiconductor technology, more than 

million transistors got packed into the next generation Intel 
processor: 80386 and 80486. They supported many features 
like paging, virtual addressing, multilevel protection, 

multitasking and debugging capabilities. 
 
To further push forward performance, superscalar 

processing was introduced by Intel in the Pentium series of 
processors. In this series, the clock frequency and device 
density got significantly increased (60 MHz and 3 million 
devices). Superscalar processors have the capability of parallel 
instruction execution by employing different data paths.  
 

Power issues were surmounted in the next release of Intel, 
the Intel Pentium 2. It operated at a core voltage of 2.8V (which 
is almost half of Pentium) and clock frequency of 233MHz 
(which is almost four times that of Pentium). The radical core 
voltage reduction was possible because of advancement in 
device technologies, like threshold voltage reduction. In Intel’s 
Pentium 3, the number of transistors quadrupled with increase 
in the device density. The Pentium 3 incorporated dynamic 
scheduling. 
 

The release of Pentium 4 processor, with about 42 million 
transistors, marked the advent of the new age processors. It 
operated at a clock frequency of 3.2GHz with a core voltage of 
1.72V. Pentium 4 supported hyperthreading, which is the 
implementation of the simultaneous multithreading technology 
on the Pentium 4 microarchitecture. Hyperthreading provides 
improved support for multi-threaded code, allowing multiple 
threads to run simultaneously. 

 
As we observe this evolution process starting from Intel 

4004 to the present day dual core Pentium processors, increase 
in performance has been accompanied with increase in power. 
However to overcome increased power consumption, yet 
maintaining performance (having more functionalities), the 
clock frequency was reduced as in the latest Intel Itanium 
processor. This is also the first 64 bit processor from Intel.  

 
To achieve more functionality and computing power, the 

device count increased. Technology has a significant impact on 
power, performance, reliability and cost. Since the devices are 
packed very close to each other, issues such as hotspot and 
electro migration [16] have to be considered. Thus designing a 
microprocessor is a difficult and laborious task. 
 
 
1.3 Evolutionary Methodology for Microprocessor Design  

 
There is strong case for the need of an evolutionary 

methodology [7] in microprocessor design. Various organisms 
evolved over millions of years. Natural selection enabled 
inefficient charecteristics to be phased out and the efficient 
charecteristics to be enhanced and refined. The development of 
a microprocessor is very similar to that of a species. The 
charecteristics discussed in the previous section were 
introduced in the microprocessor over a period of time. Some 
other charecteristics were also introduced but then rolled back 
later when they were found to be rather inefficient. Thus, 
microprocessors too, in this sense, evolve. 

 
As processors become more and more advanced, the 

complexity in their design increases. This increases the cost of 
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design and the turn around time of processors. Turn around 
time of a processor is defined as the time taken during the 
design phase, design validation phase and the fabrication and 
testing phase. This spans from the original inception of the idea 
behind the processor, to the actual time when the first processor 
is produced. Turn around times have kept increasing. If they 
become too large, then the processor and the technology it uses 
might become outdated by the time its design is complete. 
Moreover, reduction in turn around time reduces the cost of 
production as less man-hour is spent on the design of a 
processor. Thus any methodology, which reduces the turn 
around time without reducing the processor’s capabilities, is 
widely appreciated.   

 
Human experience plays a major role in the design of a 

processor. Experts have unique instincts while deciding upon 
crucial parameters. This ability, though difficulty to quantify, 
would be crucial for an automation tool developed for 
designing processors.  

 
Every organism is uniquely defined by its genetic code. 

This code consists of DNA sequences defining the individual 
traits of the organism. These characteristics are contained in the 
DNA strands as a sequence of nucleotides. Nucleotides, the 
basic building blocks of DNA, are chemical compounds that 
consist of a heterocyclic base, a sugar and one or more 
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 complete 

genetic description. [8] 
 
An automation tool that would generate a design, given 

some specifications, is of much interest. We propose a method 
of obtaining the genetic sequence for a microprocessor. This 
sequence, which completely describes the microprocessor, is 
then used to evolve new microprocessor sequences through 
combination with other processor sequences. These newly 
generated sequences can then be converted into the 
microprocessors they represent. Post processing of the new 
design is done to rectify any errors that might have occurred. 
Finally the new design is tested and evaluated. If the design 
meets the customized standards that are set by the user, then the 
design is accepted. In this way, a population of microprocessors 
is built up. Thus, the algorithm is the first step in the true 
automation of the microprocessor designing process. 
 

 
2. THE METHODOLOGY 

 
 

2.1 Construction of Characteristic Tree 
 

Figure 1 shows the evolutionary method employed. A set 
of parameters that define a processor uniquely (at various 
design levels) are identified. Around 50 parameters (at 
architecture level) of contemporary processors are used for 

simulation purposes. Each characteristic is represented as a 
node in a Directed Acyclic Graph (DAG) [9]. The 
dependencies that may exist between the parameters (for 
instance: The Critical path of interconnects depends on the 
Technology (such as DSM) used) are modeled as edge weights 
between the corresponding parameter nodes. A sample tree is 
shown in Figure 2. The term ‘tree’ is used to refer to a DAG as 
it is more appropriate. 

 
Figure 1: Overview of Proposed Methodology 

 
 

Figure 2: Part of the Proposed Tree Structure 
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For programming purposes an adjacency matrix is used to 
represent the tree and each node in the tree is a structure 
containing the following parameters: 

 
 

 
 

Figure 3: Structure of a Node  
 

The tree is both flexible and re-configurable to incorporate 
un-foreseen parameters that might arise as result of either 
technology or architectural advancements. 

 
 

2.2 Traversal of the tree 
 
     In a DNA sequence more dependent genes are placed closer. 
Also highly dependent genes may be linked to one another (a 
phenomenon called Linkage). If the characteristics of the 
processor need to be encoded as a realistic DNA sequence then 
their placement becomes very critical. When the adjacency 
matrix of the tree was symmetrized and a Depth-Limited Depth 
First Search (DFS) [3] was performed on the tree, the 
placement of the nodes was found to be more realistic. This can 
be attributed to the fact that DFS, being a recursive process, 
first traverses the sub tree, with the current node as its root. 
This ensures that nodes that are dependant (for example, cache 
and its dependant characteristics) are placed next to each other 
as they form a sub tree. 

 
This approach along with the introduction of a fitness factor 

is used to traverse the tree. The symetrization of the adjacency 
matrix of the tree converts the DAG into a bi-directional graph. 
The fitness parameter is a function of the edge weight and 
specifies the effectiveness of placement of a node in the linear 
DNA sequence. A depth limited DFS is used to ensure 
completeness. A further rearrangement is performed in the 
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. 
4. Traverse the tree using depth limited DFS. Store the 

traversed path in an array. 
5. Compute the fitness factor for all edges in the tree. 

 
Fitness Factor ( Nodej ) = �  (Wij*D ij ) / � W ij   

 
       Where Wij: weight between node i and node j  
                          Dij: distance between node i and node j 
   
6. Rearrange the string in DNA domain using fitness factor.   
 
On performing a DFS on the example graph( ref figure 2 ) 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 sequence 
 

A DNA sequence consists of the four fore mentioned 
bases. A group of three bases make a codon and a collection of 
codons make up a gene that specifies a unique characteristic. 
This paper proposes a fixed length encoding scheme (the string 
length of each characteristic node is constant) to encode the 
different characteristics of the processor as a DNA sequence. 
Each processor characteristic has the following fields: 

 

 
 
Figure 4: DNA Sequence of a Node for a 20 Node Tree  
 
 
Each field in the above string can be considered as a 

codon. The value of each field is converted to Base 4 system 
and the corresponding DNA digit (dit) sequence is determined. 
A single dit can be one of the bases (A or T or C or G). The 
simplicity of the fixed length encoding approach ensures less 
complex decoding strategies but has inefficient memory usage. 

  
Gene Pool: 

 
The DNA sequences of different processors (both existing 

and evolved) are stored in a gene pool. Each DNA sequence in 
the pool has a potency factor associated with it. The elimination 
of the last 10 % (rate of evolution) of the DNA sequence (based 
on their potency factor) mimics the natural selection process. In 
the DNA combination stage (Ref. 2.4) two DNA sequences are 
randomly chosen and allowed to combine. The inclusion of the 
DNA sequence of a new processor (obtained after the 
evaluation stage (Ref. 2.6)) is based on its potency factor.  
 
Potency Factor: 

  
The potency factor measures the validity of the DNA 

sequence and its corresponding feasibility and performance.  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 every valid one. A 
set of heuristics have been devised for modeling the 
combination process. These heuristics apart from increasing the 
yield (percentage of valid processor sequences) also maintain 
the realism of the combination process. The model for 
combination is discussed below. 

 
Each node in the tree when mapped to the DNA domain 

consists of five fields (Ref. Figure 4). The processor’s DNA is a 
linear combination of these DNA sequences. Reaction between 
two DNAs involves a selection of characteristics from both the 
processors [8]. We define 2 probabilities: 
 
P1: Probability that the current node reacts with a non-
homologous node of another processor’s DNA. 
P2: Probability that the surrounding nodes react. 
 
Another parameter 'SPREAD' is defined as the number of 
nodes around the current node that might react. Spread varies 
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-P1) 
3. Slide the 2nd sequence over the first till either a match of 

the node name is encountered or SLIDEDISTANCE 
becomes 0 

4. Decrement SLIDEDISTANCE by NODESIZE 
5. Allow the current nodes to React*. 
6. Let SPREAD/2 nodes on both sides of the current node of 

the first DNA strand to React* with a probability P2. 
7. Continue the process from step1 till the entire 2nd DNA is 

exhausted. 
 

 
 

Figure 5: DNA Combination  

 
*React: 
 
  If (random (0,1)<0.9)  
    Select values for each field from either of the DNA sequence 
   with equal probability.  
else                 

       Select dit by dit from either node with equal probability.  
  
 
2.5 Decoding the Output String 
 

A simple decoding strategy is used to convert the DNA 
sequence to its corresponding tree structure. A variable length 
encoding scheme, though adheres to the natural encoding 
process, was found to produce 36% of metadata (field 
delimiters). This complicates the decoding process. Hence fixed 
length encoding is used (for simulation purposes). 
 
 
2.6 Processor Evaluation 
 

The resultant processor needs to be evaluated and its 
performance tested before it can be considered for fabrication. 
This paper proposes to evaluate the processor by means of an 
automated simulator. This simulator would imitate the delays 
and the power consumption of different functional units and the 
net list. The interconnects (net list) are modeled using DIMCIA 
[4] (developed at WARFT). We intend using BENSIM [10], a 
synthetic benchmarking tool developed at WARFT, to 
benchmark the processor and quantify its performance. Based 
on these results, post processing is done if necessary.   
    
 
2.7 Post Processing 
 
On analyzing the DNA strand obtained after the DNA 
combination process, it was observed that the resultant DNA, 
when decoded, produced a valid processor with a probability 
lesser than 0.2. That is a valid processor was obtained only 20% 
of the times. It would be waste of time to discard an offspring 
sequence (processor) having small inconsistencies. Instead 
these inconsistencies can be removed by post-processing  
(Simulated Annealing), if the number of inconsistencies were 
found to be below a certain threshold (50% of data and 
dependencies). If not, that offspring is discarded.  
 

The following are examples of inconsistencies, 
1) Data Inconsistency: getting value 0.5 for cache levels 

(cache level must always be integral) 
2) Logical Inconsistency: getting value of 2 for no. of 

Cache levels and 0 for size of level 1 cache. 
 
 Simulated annealing [11] is employed to change the 

deviating characteristics, and hence other dependent 
characteristics, till a desired correlation between the resultant 
DNA and the user specifications is obtained. Simulated 
annealing, though takes longer time to converge, is preferred 
over other probabilistic search algorithms such as game theory 
as the accuracy of the solution is higher. If more than one 
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parameter in the resultant DNA deviates from user 
specifications, then these parameters are scheduled in simulated 
annealing. 

 
This post-processing improves the overall quality (both 

validity and potency) of all the processors in the gene pool. 
This in return ensures lesser number of inconsistencies in the 
subsequent offsprings. With time, the inconsistencies will be so 
rare that the DNA combinations most often produce valid 
offsprings. This would eliminate the need for further post-
processing. After this point, the post processing stage can be 
removed permanently for future generation of processors. 
Hence, post-processing is done primarily in the beginning to 
enrich the knowledge represented by the gene pool. It could be 
noted that we were able to evolve microprocessors without 
post-processing phase (20% of the time). 
 

The general algorithm for scheduled simulated annealing is 
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 neighboring solution of S 
                    2.1.2 � =C(S')-C(S)  [C(x)=cost function] 
                    2.1.3 prob=min(1,e- � /k

b
T) 

                    2.1.4 if random(0,1)<=prob then S=S' 
               2.2 Update T 

3. Return best solution 
 
 
2.8 Gene pool update 
 

As stated earlier, once the processor is evaluated its 
performance is quantified as its "potency factor" (ability to 
produce new processors). Processors with potency factor 
greater than ‘Threshold potency’ are added to the gene pool. 
The 'threshold potency' is a measure of both the performance 
and the validity of the processor. The last 10% (Evolution Rate) 
of the gene pool is deleted (based on the potency factor). This 
models Darwin’s "Natural selection" and implements the 
phenomenon of evolution. The ‘evolution rate’ is arbitrarily set 
at 10% and might be changed based on the analysis of the final 
simulation results. 

 
 
3. SIMULATION AND RESULTS 
 

A simplified data driven simulation was performed. 
Though 50 parameters of 5 processors were collected, 38 were 
used for simulations. (We realised that values for characteristics 
such as Device Count, Critical Path length, Pitch, Interconnect 
Delay and many such characteristics for individual processors 
were difficult to obtain with accuracy. So we restricted 
ourselves to using 38 characteristics whose values were 
available easily). (ref. Figure 9). These characteristics were 

selected based both on their importance in defining the 
processor uniquely. The simulation was coded in C++ and 
compiled using gcc compiler. 

 
As stated earlier, a fixed length encoding scheme was used 

for encoding the characteristic tree of the processor. Trials were 
performed using variable length encoding, which induced 
difficulties in decoding. We intend incorporating variable 
length encoding scheme both due to its similarity with the 
natural encoding process and its memory usage efficiency. A 
graph showing the memory efficiency of fixed length and 
variable length encoding for different tree sizes is shown in 
Figure 6. A graph showing the efficiency of placement (as a 
function of distance of separation of related nodes in the DNA 
sequence) is shown in Figure 7.  
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 Figure 6: Simulation 1 
 
 
The heuristics for combining the two DNA sequences has 

already been explained in section 2.4. The DNA sequences of 2 
processors (out of 5) were taken (at random) from the pool and 
the DNAs were combined using the heuristics.  
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Figure 7: Simulation 2 
 
 
The resulting DNA sequence was correlated with the DNA 

sequences of the other 3 processors in the pool. The correlation 
was plotted for around 300 such trials.  
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For ex: The DNA strand of  8085 was reacted with that of  
Pentium 4. The resultant offspring was correlated dit by dit 
with AMD K5, Pentium II and AMD Athlon 64 separately 
during each trial. The highest correlation obtained with these 
three processors was taken as the correlation of that trial. We 
made 300 such trials [900 correlations] and plotted the highest 
correlation obtained every 15 trials (ref. Figure 8). 
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Figure 8: Simulation 3 

 
Interpretation of this Graph: 
 
The physical significance of correlation is that the 

offspring is that much similar to the processor it’s being 
correlated with. A correlation of 1 signifies that the offspring is 
same as the processor it’s being correlated with. 

 
In the simulations, very good correlations were obtained in 

some trials. For ex: In the 204th trial of reacting 8085 and 
Pentium 4, the correlation of the offspring with Pentium II was 
0.921. This meant a deviation of 0.079 from Pentium II. The 
DNA length was 5092 dits. This deviation amounted to 402 dits 
from Pentium II. Since each characteristic was 134 dits wide, 
this amounted to a deviation of 3 out of 38 characteristics from 
Pentium II.  

 
This meant that a processor very similar to Pentium II was 

evolved by reacting 8085 and Pentium 4 by our methodology. 
Correlation obtained in Fig. 8 is obtained without simulated 
annealing.  

 
4. DISCUSSIONS  
 

In this paper we present an evolutionary approach for the 
automation of the microprocessor design process. A set of 
characteristics that define a processor uniquely are encoded 
onto a DNA sequence. The underlying assumption, on which 
the whole concept is built, is that the reaction between two such 
processor DNAs might lead to a new architecture.  This 
assumption has been proved in this paper through extensive 
simulations. These simulations, however, have the scope to be 
taken to a new plane. Realistic DNA combinations can be 
carried out in laboratories using specific enzyme sequences for 
both combination as well as for validation of the resultant DNA 
sequences. Adleman’s experiment [12] stands testament for 
this.   

 

In the characteristic tree of the processor, the dependencies 
between the different nodes were modeled as edge weights. 
This assumes these dependencies to be linear in nature. 
However, in actuality, the dependencies between the different 
processor characteristics are mostly non-linear. Hence we 
intend incorporating these non-linearities by replacing the edge 
weights by suitable functions. These functions are modeled as 
independent nodes in the tree.  A look up table containing 
various functions (such a sine, log, modulo etc.) and its 
corresponding dit sequence needs to be created. This would 
enable the mapping of various mathematical functions to the 
DNA domain. However, finding these functions requires an in-
depth knowledge of various processors and their characteristics.  
Finding the exact dependency function for each of the 
processor characteristics is in itself a huge task.   

 

 
 

Figure 9: Table of Characteristics for Five Microprocessors  
 

 
For simulation purposes a fixed length encoding scheme 

was employed to reduce the complexity of decoding. However 
this technique is both unrealistic and has memory 
inefficiencies. For a realistic encoding method variable length 
encoding can be employed with the use of start and stop codon 
as delimiters. In a natural DNA it has been found that 40% of 
the sequence is metadata. A simple simulation of the encoding 
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process using variable length encoding yielded 36% metadata 
(a very realistic figure). A variable length encoded sequence 
can be decoded with the use of stacks. The process can be 
modeled as the conversion of an expression from infix to 
postfix form before evaluation [13]. The exact, biologically 
realistic, variable length encoding and decoding strategies are 
under investigation. 
 

In this paper we have encoded the characteristics of the 
processor at a higher level of abstraction. A complete 
description of the processor requires encoding not just the 
functionality of its various functional units, but also their 
connectivity and placement details. Encoding each and every 
interconnect is both impractical and unnecessary. However 
some guidelines about the netlist can be encoded. For instance, 
the number of 10 terminal nets, the number of 5 terminal nets in 
the cache region can be used as guidelines. A natural method of 
evolving the exact connectivity matrix during the DNA 
combination phase, given these guidelines, is possible. The 
formation of the connectivity matrix (logical) can be compared 
(functionally) to the physical formation of interconnections 
between neurons in the brain [14]. The exact methodology for 
evolving this connectivity with the use of enzymes is under 
investigation. 

 
A straightforward strategy for encoding the processor 

characteristics onto a DNA sequence is to map each of these 
characteristics to specific human traits. The evolution of a new 
processor would then involve combining of two human DNAs 
in laboratories. The resultant DNA, when mapped back to the 
processor domain, would give the characteristics of the new 
processor. This can be analyzed and post processing done if 
necessary.  

 
The microprocessor characteristics can be categorized into:  
 
1. Architecture 
2. Memory 
3. Instruction set 
4. Technology 

 
These separate categories can be modeled as chromatids. 

As reaction occurs only between homologous chromosomes, 
this would reduce the probability of one characteristic reacting 
with a totally unrelated characteristic [8]. This would increase 
the yield by many folds.   

 
A set of heuristics have been used for modeling the DNA 

combination process. A realistic model for the combination 
process involves the use of enzymes rather than logical 
heuristics. The use of enzymes for modeling the combination 
and validation phase would make this algorithm compatible 
with DNA computers [15], which are likely to come up in the 
future.  
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