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Abstract. A syntactic pattern recognition technique is described based upon a 
mathematical principle associated with finite sequences of symbols. The tech-
nique allows for fast recognition of patterns within strings, including the ability 
to recognize expected symbols that are close to the desired symbols, and muta-
tions as well as both local and global substring matching. This allowance of de-
viation permits sequences to be subject to error and still be recognized. Some 
examples are provided illustrating the technique. 
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1   Introduction 

We provide a description including the properties of finite inductive sequences, and 
two programs which utilize this formulation to process strings of unknown patterns for 
recognition of subsequences of symbols that occur within other sequences. There have 
been and continue to be syntax pattern recognition systems for application within the 
biomedical field, as well as utilization in many other fields. 

The basis for this work began many years ago with the consideration of sequences 
of control structures for autonomous robots. Needing a concise and simple way of 
representing learned activities, and using that learned experience to drive the next 
steps, we proposed the concept of Finite Inductive Sequences. When experienced as 
next activities, the results would provide some measure of new data that would be 
incorporated into the ‘learned’ model. So in either stationary models where the rules do 
not evolve, thus less interesting, or non-stationary models where the rules would be 
altered to adapt to the changing conditions, provided the impetus to find a solution [3]. 

The need for more efficient pattern detection algorithms is especially urgent in  
bioinformatics where genome-wide association studies (GWASs) are becoming in-
creasingly popular in determining the relationship between genetic variations such as 
single nucleotide polymorphisms (SNPs) and copy-number variations (CVNs) and 
disease. Current software tools used to analyze these large datasets are computational- 
ly intensive. The strength of the finite inductive method is in its ability to determine 
small variations over a large data set. We believe that this algorithm is ideally suited 
to improve the speed of GWASs. We note that many tools exist for processing the 
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genome sequences, and new applications using graphical display, color, 3D and other 
extensions have and are being developed [2].  

At issue is both speed and accuracy with sufficient flexibility to deal with inser-
tions and deletions in the sequence comparison processes. This has given birth to 
extensions of the dynamic programming approach first developed for the longest 
common subsequence (LCS) problem using modifications to the Smith-Waterman 
algorithm using both hardware and software systems [1], [5], [6], [7], [8], [10]. These 
systems utilize algorithms ranging over neural nets, Bayesian statistics, tree structures 
and many other approaches incorporating video algorithms, visualization, data min-
ing, etc., and each has been used in the analysis and recognition process for both pro-
tein and amino acid sequences. One only need look at any conference or journal to 
find articles detailing such research and development activities. All implemented 
systems must incorporate work from many aspects of science to accomplish the con-
tinued analysis of the data which arrives at a rate estimated to be two-million DNA 
bases each day [8].  

We take some space to describe this algorithm which we propose for the purpose 
of subsequence processing, and indicate some extensions this approach provides. We 
also provide a measure of the storage and processing complexity of this approach, and 
lastly, we provide some small examples illustrating the application of FI to the ge-
nomic problems. 

2   Finite Inductive Sequences 

In the next sections we describe first a sequence of symbols (‘string’) which is finitely 
inductive. Following, that we provide a description of the algorithm for building a set 
of rules from exemplar sequences together with their associated storage structure 
called a ruling. Lastly, we show how these rules can be used to recognize patterns in 
similar types of sequences.  Here similar implies that all sequences are formed from 
identical alphabets. 

2.1   Definition of Finite Inductive Sequences 

In this section, we will describe a particular kind of sequence composed of symbols 
coming from some alphabet. Consider a sequence of symbols made up from some al-
phabet such as the representation of the genome with alphabet A, C, G and T. The tech-
nique which we shall describe resembles neural net capabilities [9] and emulates 
Markov models, but with some important differences to both approaches. Consider one 
or more sequences of symbols, and we can be process them as a single entity or as mul-
tiple strings representing data from several sources to be processed in parallel. These 
sequences we have termed Finitely Inductive Sequences (FI), and such sequences form 
a countable collection of sequences of finite length. (We will not address infinite se-
quences, although there is a class of such infinite sequences that are amenable to this 
approach.) FI has a formal background in mathematics and lies between a mathematical 
characterization, on the one hand, and a statistical characterization, on the other. The 
idea is generally to deal with sequences or subsequences observed previously—such as 
might have been seen previously or learned through exemplar sequences—then such 
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sequences can be used to recognize new, similar subsequences from other strings that 
one desires to process. Unlike neural nets, it is additionally possible to dynamically 
modify the data structure formed from exemplar sequences so that new experience can 
be acquired in near real time from new data sequences. 

The primary data structure of FI, called a ruling, is a finite state machine that can 
use a short driving sequence to generate another sequence that may be much longer, 
or it can be used in reverse to produce a residual short sequence from a presented 
long sequence. The residual is the ‘left over’ symbols from the string that are not part 
of the experience base encapsulated within the ruling. In a sense, the size of the resid-
ual is a measure of the common experience between an unknown event sequence and 
the string(s) placed in the ruling. The ruling embodies patterns of interest, and acts as 
a filter through which unknown strings can be filtered looking for identical or similar 
subsequences found within the ruling and the unknown string.  

Finite sequences of symbols are said to be finitely inductive (FI) over a finite al-
phabet if the choice of any symbol at any particular position in a sequence depends 
immediately upon only the choices of symbols at the previous n points (the similarity 
to Markov models except this is generally deterministic and not probablistic.) Given 
an FI sequence (deterministic), an implicant is a pair (w, p) consisting of a word w 
over the alphabet and a symbol p of the alphabet such that w occurs at least once as a 
substring of the sequence; and whenever w occurs as a sub-string of the sequence 
there is a succeeding entry and it is p. For non-deterministic implicants, there might 
be two or more values for p with a probability associated with each such value. The 
antecedent is w while p is called the consequent. A reduced form implicant has no 
proper segment of its antecedent in another implicant. 

We note the following: 

a. Every finite sequence is finitely inductive. 
b. For any finitely inductive sequence, the inductive base is the maximal length 

of the antecedents when considering all of its reduced form implicants. 
c. If an FI sequence has inductive base n and an alphabet of k symbols, then kn 

is an upper bound for the number of its reduced form implicants. 

2.2   Description of the Storage Structure for Finite Inductive Sequences 

Figure 1 is an example of function table (called a Ruling) resulting from an FI se-
quence(s) meeting the requirement for an optimal storage system for streams of sym-
bols. The system consists of a structure with k levels. The rules are defined from the 
exemplar patterns according to a push up formulation of the strings. The inductive base 
in Figure 1 is as defined above and is equivalent to the longest antecedent in reduced 
form. The rules are formulated much like those characterizing a Markov process. (We 
point out another difference between Markov Models and FI sequences is that within 
the theory of FI sequences; the order of the sequence, i.e., its inductive base, can be 
altered to any a priori value desired, unlike the order of the Markov Model.) 

Given some number n, the inductive base, and a sequence of symbols, then we can say 
that the previous n characters uniquely determine the next character in the string. As the 
inductive base is reduced, the number of levels will increase. The number of rules remains 
nearly invariant as the number of levels change. The last three elements in Figure 1, the 
rules, starting sequence, and the shift register will be explained by an example. 
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Fig. 1. The FI Ruling Structure for Representing a Sequence(s) in k-Levels 

Consider the following string to build the structure of Figure 1. We note that the 
starting symbol ‘S’ is not part of the sequence, but it allows a simpler representation.  

 S2446664882443    (1) 

This sequence comes from an alphabet of eight symbols: 1, 2, 3, 4, 5, 6, 7, 8. It is 
finite in length, and therefore is finitely inductive. We can form rules for this se-
quence as a function of the inductive base. However, since the inductive base must be 
large enough to uniquely guarantee the next symbol, an inductive base of two or less 
would be unsuitable since the occurrence of ‘66’ does not uniquely specify the next 
symbol (‘66’ precedes both a ‘6’ and an ‘4’). We can easily extend this representation 
to the non-deterministic case and to a probabilistic case by specifying that the se-
quence 66 specifies both a ‘6’ and a ‘4’, and if we associate a probability with the two 
alternatives, then we have the probabilistic representation. We illustrate the table that 
is generated for the reduced form rules. The first rule in (2) states that each time we 
see the antecedent ‘S’ then a ‘2’ follows, without ambiguity, as the next symbol in the 
string. 

S  2,       S2  4,   24  4,   S244  6,   8244  3    46  6, 

               466  6,     666  4,   64  8,       48  8        88  2,   82  4   (2) 

From (2) the inductive base is 4 (the largest of the antecedent values). Some of the 
rules are inductive base 1 and 2; when this variability occurs, we can reduce the in-
ductive base (the 3) to any value less than the 3. Suppose we wish to use an inductive 
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base of 2, we would get the FI structure of Figure 1, and the process (called Factor-
ing) for deriving this new FI ruling structure is shown in Example 1. 

Example 1. Simple String Factoring and Regeneration 

For the string:  S2446664882443 using the reduced rules (2), define the ruling as 
follows: 

 
Step 1:  Keep all rules shown in (2) with inductive base 2 or less. For everything else 

push the consequent symbol up out of the string to the next level, which we 
designate Level 1. This results in the following pattern: 

Level 1          S      6  64          3 
Level 0          S2446664882443 

The Rules for Level 0 are those representing all symbols not pushed up: 

S  2    S2  4    24  4    46  6   64  8    48  8    88  2    82  4 

Step 2:  For the string of Level 1, we find the reduced rules. These are:  

S  6    S6  6    66  4    4  3 

This process has produced rules of inductive base less than or equal to 2, in a ruling of 
two levels, and since there are no symbols that need to be processed further, we stop 
the process. We also point out the symbols in Level 1 are called the residual from 
Level 0. As noted, there is no residual from Level 1. We also point out that every FI 
string of finite length produces a ruling where the last level has no residual, when that 
string is processed independently of any other string. 

The inductive base for the sequence is 2. The starting sequences are loaded in the 
shift registers, and the system is ready to regenerate the original sequence. This is 
done in the following steps: 

 

Step 1:  The S in the shift register of Level 0 is matched against the antecedents of 
the rules in that level. In this case the antecedent of the string S  2 
matches the character in the Shift Register. 

Step 2:  Push the consequent ‘2’ into the right side of the shift register. 
Step 3:  Since the shift register now contains ‘S2’, see whether this string or the 

symbol ‘2’ (top of the shift register) matches any antecedent in this level. 
There is a match, so the consequent ‘4’ is placed in the top of the Shift 
Register, and the ‘S’ is output.  

Step 4:  Again the Shift Register content of ‘24’ is matched to the antecedents of 
Level 0. A match is found, and the consequent ‘4’ is pushed into the shift 
register while the ‘2’ is pushed out to the output.  

Step 5:  The Level 0 Shift Register now contains ‘44’, and this does not match any 
of the antecedents in Level 0, so an appeal is made to Level 1. The current 
status is now: 

Level 1: shift register: S 

Level 0: shift register: 44 and the output S2 has been generated from level 1. 
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Step 6:  In Level 1, the contents of the Shift Register are matched, and the conseq- 
uent ‘6’ is placed in the shift register, and the ‘6’ is pushed down to Level 
0 and placed in the top of the Shift Register for that level. Now we have 
the following configuration: 

Level 1:  Shift Register: ‘6’ 

Level 0:  Shift Register:  ‘46’ 
Output:  ‘S24’ 
Step 7:  Continue with processing in Level 0 until no processing can continue, and 

then output the Shift Register of Level 0 to complete the original se-
quence regeneration. 

From this simple example, we see the FI ruling structure: how the rules are fashioned 
and processed using Figure 1, and how the string is regenerated. We have seen that 
the inductive base was reduced to a smaller value for the example. 

Non FI strings are those that are pseudo random, and in this case the antecedents of 
all rules will have equal length, or they grow at the same rate as the string being pro-
cesssed. Examples are strings that have no pattern, and these include such things as 
the expansion of PI or other non-repeating, non terminating sequences (transcendental 
numbers). We have looked [3] at the occurrence of non-FI strings in the case where 
binary symbols are used as the alphabet, and their occurrence is rare. We have also 
shown [3] when the alphabet is richer than binary, then the occurrence of non-FI se-
quences is even less frequent. 

2.3   Application of a Ruling in Recognizing an Unknown Pattern 

The next example uses the Ruling shown in Table 1 resulting from the simultaneous 
factoring of the four strings. Each string uses the same alphabet, which is not a hard 
requirement. The next example uses the Ruling shown in Table 1 for the factoring of 
the four event strings. We also state the obvious: the more data one has about a pat-
tern, the more accurately one can identify that pattern in unknown sequences. In order 
to show how rulings apply in terms of recognition of subsequences, we now provide 
some patterns. In this case, we are no longer concerned about regenerating the origi-
nal sequences from the rulings.  

Example 2. Ruling Built from Four Sequences (Simultaneous Factoring) 

Suppose there are four strings designated a, b, c and d. We have added the start sym-
bol ‘S’ to each string for convenience. Consider the following four strings: 

a : S2446664882443 b : S66666254322187  c : S666662225442217     
   d : S7765442218 

Since we have started each string with the symbol S, this will shorten the residuals 
from each string. As can be seen from the four strings the starting implicants are:   

S  2; S  6; S  7; however, since this is simultaneous factoring, and these  
implicants are contradictory, they are not acceptable in the deterministic case. We 
require in simultaneous factoring that the implicants be consistent intra- as well  
as inter-string. The implicants S2  4; S6  6; S7  7 are consistent for all four 
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sequences. The final residuals shown in (3) for each of the strings are those symbols 
that remain due to intra- or inter-string conflicts. The resulting table of implicants 
augmented with their source string, for each of the levels in the FI ruling table is 
given in Table 1 with the inductive base held to 2 

        a:  s  2      b:  s 6  5     c:  s 6  2    d:  s  7     (3) 

Table 1. FI Ruling Table for the Strings a, b, c and d with an Inductive Base of 2 

Level 1 Level 2 Level 3 Level 4 Level 5 

S2  4 (a) S2  6 (a) S2  4 (a) S6  6 (b, c) 62  2 (c) 

S6  6 (b, c) S6  6 (b, 
c) 

S6  6 (b, c) S6  2 (b, c) 22  5 (c) 

S7  7 (d) S7  4 (d) S7  8 (d)   65  3 (b) 

82  4 (a) 32  1 (b) 3  8 (b)   25  4 (c) 

32  2 (b) 42  1 (d, c) 54  7 (c)     

42  2 (d, c) 53  2 (b) 38  7 (b)     

24  4 (a) 64  3 (a)       

64  8 (a) 54  2 (c)       

5  4 (b, c, d) 74  2 (d)       

46  6 (a) 26  6 (a)       

76  5 (d)         

77  6 (d)         

48  8 (a)         

88  2 (a)         

 
The processing that takes place in this example shows how the incoming string is 

matched with the known data as represented by the implicants contained within the 
ruling. If the antecedents match, then we can delete the consequent symbol at the end 
of the process for this level from the unknown string. We can match the position of 
this deleted symbol for later identification. The residual is the string remaining after 
all levels have removed the consequents matching the antecedents for the appropriate 
implicants in each level. The algorithm used in this matching process is called Fol-
lowing. As was indicated above, the residual is important as its length is a percentage 
of the original string suggesting an overall measure of similarity between the ruling 
and the string. Residuals also represent a measure of similarity based upon differences 
between multiple strings with the ruling acting as the adjudicator. These residuals in a 
sense represent the entropy of the string when the universe of experience or knowl-
edge is contained within the ruling.  
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Example 3.  Recognition of Patterns in a New Sequence 

Consider the following two strings formed from the new sampled events. We will 
designate them by e and f. The strings are:  

             e:  s666662278122345        f:  s666662543443244666488244187 (4) 

The Following results are shown in Table 2, when the Ruling of Table 1 is applied to 
the two strings. In addition, the implicants used from Table 1 have their originating 
string annotation, and this annotation is copied under the bottom row of Table 2 in the 
line called ‘Source’. In order to represent implicants with multiple sources, we encode 
the sources as: (a) = 1, (b) = 2, (c) = 3, (d) = 4, (b, c) = 5, (d, c) = 6, (b, c, d) = 7. 

Table 2. Following Applied to the Two Patterns e and f Respectively Using Table 1 

Following  
Level                    For String e   
      5: s 6             2 2 7 8 1 2 2 3 4 5 
      4: s 6          6 2 2 7 8 1 2 2 3 4 5 
      3: s 6       6 6 2 2 7 8 1 2 2 3 4 5 
      2: s 6    6 6 6 2 2 7 8 1 2 2 3 4 5 
      1: s 6 6 6 6 6 2 2 7 8 1 2 2 3 4 5  

Source      5 5 5 5    3 
 
Level                    For String f    
5: s 6            2 5     3 4 4 3 2 4    6 6 6 4          2 2 1 
4: s 6         6 2 5     3 4 4 3 2 4    6 6 6 4          2 2 1 
3: s 6      6 6 2 5     3 4 4 3 2 4    6 6 6 4          2 2 1 
2: s 6    6 6 6 2 5    3 4 4 3 2 4    6 6 6 4          2 2 1 
1: s 6 6 6 6 6 2 5 4 3 4 4 3 2 4 4 6 6 6 4 8 8 2 2 2 1  

Source   5 5 5 5       7                   1             1 1 1 

From the results shown in Table 2 of the Following over e and f we conclude: 

• Neither string matches very well the data contained in the ruling.  
• Best matches come from a combination of b and c for string e. 
• The best match for string f comes initially from b or c, and then evolves into 

the string of a. 
• This would indicate in both sequences e and f, that the data in the ruling is not 

sufficiently rich to represent the sequence, so this data should be added to the 
ruling.  

• Modification of the ruling on the fly can be accommodated, and depending 
upon storage space, one can add strings at will.  

• In order to control growth, the implicants can be eliminated based upon a us-
age criteria. A counter can be added to each rule, and when the counter drops 
beneath some usage limit, the rule can be deleted, or the sequence containing 
the rule can be deleted.  
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• When a symbol has not been recognized, but the antecedent was matched, 
then that symbol represents a possible single symbol mutation. In this case, 
the system will substitute the consequent in the string, and mark the substitu-
tion, and continue recognition with the altered symbol. This is called Re-
placement Following. 

• For sequence substitutions, the sequence will be processed with the ruling, and 
the substituted sequence will not be recognized, and except for accidental simi-
larities, replacement will not solve the similarity problem. Thus there will be a 
block of symbols that will remain in the residual. These symbols can be used to 
form a new ruling, linked to the previous ruling, so that over time, an assemblage 
of rulings will be formed that represent the evolution of the original string. 

3   Finite Inductive Sequences and Biometric Pattern Examples 

There are several applications that are of interest using the model that we have pro-
posed. The first just deals with recognition of a gene from one source to another. If we 
extend the recognition technique described in Section 2.3, we can deal with the muta-
tion issues within a gene. Besides the Exact Following of Section 2.3, there are several 
more extensions. The first allows recognition of genes that have changed from the 
exemplars stored in the Ruling by mutations of deletion, duplication, inversion, inser-
tion or translocation. Consider the issue of insertion and the Skip Following process. 
In this process the user defines the size of a skip region, and in the gene, this involves 
a region that potentially has been inserted and is not in the exemplar set of the ruling. 
We now provide some examples to show how FI can be used in the genomic pattern 
matching world when various kinds of mutations are allowed.  

 

Example 4. Mutation by insertion.  

Consider sequence (5) as an exemplar sequence for the ruling content. 

         G T G A G T G G T C T T A G G T G A G T C A G T G C A G              (5) 

The ruling is given in Table 3 where the levels are divided by the horizontal lines, and 
the Order column is the order in which the implicants were formed in processing (5). 

Table 3. Ruling for Sequence (5) 

Antecedent         Consequent   Order
   S  G 1 
  S G  T 2 
 S G T  G 3 
 G T G  A 4 
    A  G 5, 14, 
             19, 23, 28 
 G A G  T 6, 20 
  G G  T 9, 16 
T G G T  C 10 
G G T C  T 11 
  C T  T 12 
  T T  A 13 

 T A G  G  15 
A G G T  G  17 
G G T G  A  18 
A G T C  A  22 
 C A G  T  24 
C A G T  G  25 
  G C  A  27
   S  G  7 
  G C  C  26 
  S G  G  8 
  G G  C  21
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Now consider the new sequence and their associated positions:   

G T G A G T G G T  C c g t a t T T A G  G T G A G    (6)  
Loc: 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 20 1 2 3 4 

We have defined a variable called Skip in the system to permit ignoring some number 
of symbols in the recognition (following) process. Processing the string of (6) with 
the ruling of Table 3, we get the results shown in (7) when we process left to right:  

 

Residual:                        g t a t T T 
Lev 1: S             G G         g t a t T T 
Lev 0: S G T G A G T G G T  C  c g t a t T T  A  G...  (7) 
Rule:    1 2 3 4 5 6 7 8 9 10 21             13 14... 

We now know that there is a difference between the ruling and the unknown sequence 
because of the residual.  If we set the skip value to 6 for example, and starting to 
match from the first symbol that occurs in the residual (being the g) plus the skip 
value gives the next starting symbol A in position 18. Looking for a rule in Table 3 
after 10, maintaining rule order (another parameter setting in the system), we find for 
the A, rules 4, 13, 18, and 27.  All rules are unacceptable except rule 13 due to the 
antecedent TT and its relative order.  Since the skip value is a guess only, we need to 
see if backing up prior to location 18 can trim some off of the mutation region.  We 
also note that rule 21 is not in the correct place, so removing 21, and backing up from 
location 18 we get the final insertion mutation candidate as:   c g t a t 

The skip value being arbitrary for this example can be set by the user to an ex-
pected value, or just set to some maximal value.  The only difference in reality is the 
length of time it requires to search backwards from the skipped location.  If rule order 
is main-tained, then the processing will be much faster, since all previous rules used 
up to the first location where a nucleotide appears in the residual will not need to be 
considered. 

 
Example 5. SNP Processing 

Suppose we have an exemplar sequence around a SNP loci where an allele exists as 
shown in Table 4. The problem is to determine the frequency of SNPs over a set of 
loci to allow likelihood patterns for determining both missing nucleotides as well as 
determining the predominate nucleotide in a chromosome. 

Table 4. SNP Patterns from Individuals (Rows) and from a Chromosome (Column) 

  M    M   M  
85 CC  22 CG  45 CG  
91 CC  29 CC  41 CC  
93 CG  34 CG  57 CC  
94 CG  48 CC  61 CG  
83 CC  55 CG  27 CC  
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The surrounding symbols to these alleles are identical in the chromosome and sup-
pose that we define the precursor symbols to be CACC with the two possible se-
quences for M to be CACCC or CACCG with a frequency of eight and seven. If one 
doesn’t know where the SNP happens to reside, then one can follow one gene in one 
chromosome from the ruling of a gene in the exemplar chromosome with the SKIP 
value set to one, or one can use Replacement Following and keep track of the loci and 
type of replacements done.   

Consider the rules derived for the string CACCC and CACCG. The rules, permit-
ting non-determinism are shown in (8). The current, internal form of the Ruling is a 
Finite State Machine (FSM), and to add non-determinism, we simply add another 
state for the additional consequent, and a counter to record the number of times 
each rule was used. For the last two rules of (8), a single rule of the form CC  
C(8)/G(7) would suffice in the FSM where the 8 and 7 are the frequency counts for 
occurrences. 

 S  C,  SC  A,  A  C,  AC  C,  CC  C(8),  CC  G(7)           (8) 

For Replacement following, suppose the exemplar sequence was the first five rules 
implying that the symbol pair CC always produced a C. With replacement suppose we 
found the string CACCG, the result would be to delete the G and replace it with the C. 
If counting is turned on, then the number for each of the replaced symbols would be 
counted. Additionally a position marker can be output to identify to the location of 
each replacement.  

 
Example 6. Trace for Following 

Suppose we have the ruling of Table 3, and the unknown sequence shown in (9). Here 
the sequence is only similar to that used as the exemplar in Table 3. One of the things 
which the system will do is provide a trace of the implicant usage.  

S G T T G G C C C G T G G T T T T A   G  G  T  G  A A T G G G  T G C A  G    (9) 

    1 2                                       9           13 14 15 16 17 18                   16       27 28  (9a) 

S   T G G C  C C G T G G         T T T                              A T G G G     G C       (9b) 

               21 26                                                                                             21  (9c) 

(9a) represents Level 0 implicant application to the sequence of (9), and (9b) repre-
sents the residual from Level 0. (9b) and (9c) represent the processing from Level 1. 
The final residual is given in (10). 

S   T G G       C G T G G         T T T                              A T G G G       G     (10) 

The residual contains seventeen symbols implying that fifteen symbols were deleted.  
The more interesting observation is the subsequence of symbols beginning with rule 
number 13 and running consecutively through rule number 18 in a cluster with no 
skipped nucleotides indicating the presence of a subsequence of potential interest. 
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4   Conclusion 

The need for exact matching in a fast algorithm is important for continued research 
and development for genomic understanding and disease characterization. We have 
implemented the algorithms for both the Factoring and Following, and they operate in 
their basic mode in near O(n) [4] time where n is the length of the sequence to follow. 
With the newest version of the algorithm based upon a direct addressing scheme for 
the antecedents in an implicant, we have yet to actually obtain real performance data. 
It should be clear based upon how the ruling is structured, that one can achieve faster 
processing by placing levels of a ruling on several independent processors and con-
nect the processors in a pipeline configuration. This will provide a simple, pipelined, 
parallel algorithm with speed of O(n/p) where p is the number of processors. Alterna-
tively, one can place the entire ruling on each of several processors in a cluster or 
network, and then supplying overlapping (by the inductive base) subsets of the un-
known string to each processor. Again the process complexity becomes O(n/p). In 
order to achieve these speeds, we first used a finite state machine model indicated 
earlier as the ruling structure. Storage space has an upper limit of the inductive base*n 
again where n is the length of the string to be factored.  

With the new algorithm we are using a large amount of internal memory to hold 
the ruling, and the following process is simply a direct access into that storage struc-
ture. This has limited the inductive base to approximately three codons, but access for 
any nucleotide would be then, if found ruling-levels/2, and if not found then simply 
the number of levels in the ruling. Since this number is small, the complexity for 
following would be at most O(n*number-of-levels-in-Ruling), which is O(n*k) or just 
O(n).  This is the more important time constraint, due to the fact that a ruling is cre-
ated once and used many times in identifying patterns. 
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