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CHAPTER 1 
INTRODUCTION 

 
 
1.1 PROBLEM IDENTIFICATION 
 
For the last ten years, many techniques have been developed to improve recognition 
accuracy of Thai−Optical Character Recognition (Thai-OCR) which is not reasonably 
high enough so far, especially in the commercial software according to the 
complexity nature of Thai characters plus the high similarity between some 
characters, e.g., the characters ฎ, ฏ, ท or ฑ. 
 
[Supanwansa, 2540] has proposed an interesting method that employed Inductive 
Logic Programming (ILP) [Muggleton, 1995] which is a kind of Machine Learning 
[Mitchell, 1997] to generate a rule for recognising characters.  The benefit of this 
technique is that rules produced by ILP can accurately classify characters, and are 
described in form of First-Order Predicate Logic [Mendelson, 1987] which is easy for 
humans to analysis, to understand or even to modify to meet their requirements.  In 
addition, background knowledge can be recursive, i.e., they are suitable to describe 
some complex real world data such as Thai characters. 
 
However, for some noisy or unseen character, there can be no rule that perfectly 
matches the character. In this case, we say that this character is not ILP-
recognisable.  [Kijsirikul and Sinthupinyo, 1999] solved this ILP-unrecognisable 
problem by sending the binary truth values of literals of the rule to a 
Backpropagation Neural Network (BNN). After BNN is applied, every character is 
recognisable, and thus, the more correctly recognised characters are obtained. 
 
There is some disadvantage we observed in the line of the above work. The truth 
values used in this work are quite sharp, i.e., they are possibility values of either 0 
or 1. The value 1 is used to show that a given character exactly has some property; 
otherwise, the value 0 is used.  Therefore, the value 0 is used to show that a given 
character partially has some property or exactly has no some property. 
 
In case that the character partially has the property, we argued that we should not 
use the value 0 which is not reasonable in some sense, at least, our sense; we should 
use some softer value between 0 and 1 instead, such as 0.9, 0.1, 0.5 or 0.001, 
respected to the nature of Thai characters. These truth values are called fuzzy truth 
values and they can be obtained by using Fuzzy set theory(FST). We believe that 
such softer truth values can improve the classification accuracy of the Thai-OCR. 
That is why this research has been emerged. 
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1.2 OBJECTIVE OF THE RESEARCH 
 
The main objective of this research is to develop a program that finds the fuzzy truth 
value of background knowledge in [Supanwansa, 2540]. 
 
1.3 SCOPE OF THE RESEARCH 
 
 1. In this research, we will use fuzzy set theory(FST) to find the truth values of 
background knowledge in [Supanwansa, 2540]. 
 2. We will compare the results to [Kijsirikul and Sinthupinyo, 1999] and 
[Supanwansa, 2540], using the same environment. 
 3. This research will be developed and tested on any suitable operating system 
and development tools. 
 
1.4 DETAIL SCHEDULES 
 
 The detail schedules of this research are the following: 
 
 1. Search and study previous works about BNN and ILP. 
 2. Search and study previous works about FST. 
 3. Write a program that evaluates truth values of background knowledge and 

sends them to the BNN. 
 4. Repeat steps 1-3 as required. 
 5. Give the conclusion. 
 
1.5 EXPECTED OUTCOME 
 
The usefulness of this work is that the recognition accuracy of the Thai-OCR using 
our method should be higher than the one using the method of [Kijsirikul and 
Sinthupinyo, 1999]. 
 
1.6 RELATED PUBLICATIONS 
 
This research is accepted as the full paper entitled "Improving Backpropagation 
Neural Network Based ILP Rule Using Fuzzy Set Theory." in the Fifth National 
Conference on Computer Science and Engineering (NCSEC2000), Bangkok, 
Thailand, 2000. 
 
1.7 ORGANISATION 
 
This thesis is organised as follows. First, Chapter 2 gives an overview of ILP&BNN 
methods. Chapter 3 describes theory of fuzzy set. Chapter 4 discusses the 
approximation of truth values of the background knowledge. Chapter 5 gives the 
experiments. Finally, the conclusion of this thesis will be given in Chapter 6. 



CHAPTER 2 
TRADITIONAL METHOD 

 
 
In this chapter, we will give an overview of the traditional method of combining ILP 
with BNN. Section 2.1 describes how to train the BNN to learn the characters. 
Section 2.2 describes how to recognise characters using the BNN. 
 
2.1 TRAIN THE BNN TO LEARN THE CHARACTERS 
 
For convenience, suppose that there are only three Thai characters, i.e., 'Kai'('ก'), 

'Khuad'('ฃ') and 'Tahan'('ท'). After ILP is applied, we obtain a set of character rules 
(or rule set) that is used to recognise characters.  Figure 2.1 shows an example of a 
rule set generated by ILP. 
  
      Kai(I):-   HeadZone(I, 3),  
            HeadPrimitive(I, 1). 
 
      Khuad(I):-  HeadZone(I, 2),  
            HeadPrimitive(I, 10),  
            EndPointZone(I, 4),  
            CountEndPoints(I, 2). 
 
      Tahan(I):-  not TopRightTail(I), 
            HeadZone(I, 2),  
            HeadPrimitive(I, 12),  
            EndPointPrimitive(I, 5),  
            CountEndPoints(I, 3). 

 
Figure 2.1: An example of a rule set generated by ILP. 

 
There are three rules in this rule set, each of which defines the concept of character 
'Kai', 'Khuad' or 'Tahan', respectively.  
   
Consider the predicates HeadZone(I,3) and HeadPrimitive(I, 1). Predicates 
are statements involving variables. They are neither true nor false when the values 
of the variables are not specified. Predicates will become propositions when all 
variables in the predicates (in this case, variable I) are substituted by some objects 
in the domain.  
 
These predicates are characteristics of character 'Kai'. HeadZone(I, 3) 
characterises that the head zone of character 'Kai' must be of type 3 (at the bottom 
left). (See [Supanwansa, 2540] for details). HeadPrimitive(I, 1) characterises 
that the head of character 'Kai' must be of type 1 (in octant 2). Such predicates are 
called background knowledge that must be provided to the ILP. The construction 
details of background knowledge are described in [Supanwansa, 2540]. 
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A character X is represented by the information IX (data that form the character X); 
e.g. IX = ( 3, 0.78, [781, 970, 82, 83, 339], [], [], [1] ). X will be recognised as 'Kai' if 
when all occurrences of I in the rule set are substituted with IX, the truth values of 
all literals (predicates or negation of predicates) in the rule Kai are 1. 
 
Logically, a given character Y which is represented by the information IY, will be not 
recognised as 'Khuad' if when all occurrences of I in the rule set are substituted 
with IY, the truth value of some literal in the rule Khuad is 0. 
 
In order to train the BNN to learn a character of font 'Kai', e.g. TrainKai which is 
represented by the information ITrainKai = ( 3, 0.78, [781, 970, 82, 83, 339], [], [], [1] ). 
Firstly, we substitute all occurrences of I in the rule set with ITrainKai and then 
compute the truth value of every literal in the rule set. Suppose such the truth 
values (0's or 1's) are shown on the right hand side of each literal in Figure 2.2 
below: 
 
    Kai(ITrainKai):-  HeadZone(ITrainKai, 3),      →  1 
           HeadPrimitive(ITrainKai, 1).   →  1 
 
    Khuad(ITrainKai):- HeadZone(ITrainKai, 2),      →  0 
           HeadPrimitive(ITrainKai, 10),   →  0 
           EndPointZone(ITrainKai, 4),    →  1 
           CountEndPoints(ITrainKai, 2).   →  0 
 
    Tahan(ITrainKai):- not TopRightTail(ITrainKai),   →  1 
           HeadZone(ITrainKai, 2),      →  0 
           HeadPrimitive(ITrainKai, 12),   →  0 
           EndPointPrimitive(ITrainKai, 5), →  0 
           CountEndPoints(ITrainKai, 3).   →  0 

 
Figure 2.2: The truth values of all literals when ITrainKai is substituted into the rule set. 

 
Thus, we use the vector [1 1 0 0 1 0 1 0 0 0 0]T for training the BNN (see 
Figure 2.3). We repeat this step for all training characters. 
 
The links of the BNN are fully connected from the hidden layer to the output layer. 
The number of nodes in the hidden layer equals to the number of rules, which is 
three. All input nodes corresponding to predicates in the same rule are connected to 
one hidden node that represents that rule. 
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Figure 2.3: Training the BNN with TrainKai. 
 
2.2 USE THE BNN TO RECOGNISE CHARACTERS 
 
For a given noisy character of font 'Khuad', e.g. NoisyKhuad which is represented by 
the information INoisyKhuad. Suppose that NoisyKhuad is not ILP-recognisable (no rule 
that completely matches this character), as shown in Figure 2.4. 
 
   Kai(INoisyKhuad):-  HeadZone(INoisyKhuad, 3),     →  0 
           HeadPrimitive(INoisyKhuad, 1).   →  0 
 
   Khuad(INoisyKhuad):- HeadZone(INoisyKhuad, 2),     →  1 
           HeadPrimitive(INoisyKhuad, 10),   →  1 
           EndPointZone(INoisyKhuad, 4),    →  1 
           CountEndPoints(INoisyKhuad, 2).  →  0 
 
   Tahan(INoisyKhuad):- not TopRightTail(INoisyKhuad),   →  1 
           HeadZone(INoisyKhuad, 2),     →  1 
           HeadPrimitive(INoisyKhuad, 12),   →  0 
           EndPointPrimitive(INoisyKhuad, 5), →  0 
           CountEndPoints(INoisyKhuad, 3).  →  0 

 
Figure 2.4: NoisyKhuad is not ILP-recognisable. 
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Analogous to Section 2.1, we send the vector [0 0 1 1 1 0 1 1 0 0 0]T to the 
BNN. In this case, the prediction from the BNN (the best matching character to 
NoisyKhuad) is 'Khuad', which is correct. (see Figure 2.5) 
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Figure 2.5: NoisyKhuad is correctly recognised by BNN. 
 
However, there is some disadvantage of this method. Let us consider the proposition 
CountEndPoints(I, 5). The truth value of this proposition will be set to the 
value 1 if I contains exactly five endpoints; otherwise, it will be set to the value 0. 
Suppose I contains four endpoints, then the truth value the proposition is set to the 
value 0, this is not reasonable in some sense. 
 
Therefore, the hypothesis of this research is that the more reasonable truth values 
may improve the recognition accuracy of the BNN. We will use theory of fuzzy set to 
find such the values. Theory of fuzzy set will be introduced in the next chapter. 
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APPENDIX A 
STRUCTURE OF THE BNN USED. 

 
 
#define NPATTERNS  77 
#define N_HIDDEN   NPATTERNS 
#define IPU        11 
#define N_INPUTS   847 
 
DefineBlackBox nn 
{ 
 OutputLayer->  Output_Layer 
 InputSize->    N_INPUTS 
  Components-> 
   { 
      PdpNode Output_Layer [NPATTERNS] 
      { 
        InputsFrom-> Hidden_Layer 
   } 
      PdpNode Hidden_Layer [N_HIDDEN] 
      { 
        InputsFrom-> $INPUTS (with a [IPUx1] Tessellation) 
      } 
   } 
} 



APPENDIX B 
FULL LIST OF PROPOSITIONS IN C. 

 
 
// Borland C++ 3.1 
extern unsigned _stklen=16000; 
 
#include <object.h> 
#include <fstream.h> 
#include <dos.h> 
#include <string.h> 
#include <stdio.h> 
#include <conio.h> 
#include <stdlib.h> 
#include <ctype.h> 
#include <math.h> 
#include "dlistimp.h" 
#include "shddel.h"  
#include "ldate.h" 
#include "ltime.h" 
 
#define PIE    22.0/7.0 
#define YES    (Truth) 1.00 
#define NO     (Truth) 0.00 
 
#define ListType     BI_DoubleListImp 
#define IteratorType   BI_DoubleListIteratorImp 
 
typedef  char  String[1024]; 
typedef  char  SmallString[64]; 
typedef  float Truth; 
typedef  int   SectionIDType; 
typedef  int   LevelType; 
typedef  int   ZoneType; 
typedef  int   PrimitiveType; 
typedef  float   NaturalNO; 
Truth    DEBUG_CHAR_INFO_MODE=NO; 
 
Truth DecisionList[249-161+1]; 
SmallString CharsAssoc[249-161+1]; 
 
ListType<char>          List; 
IteratorType<char>      I(List); 
 
SmallString             CharName; 
LevelType               Level; 
float                   Ratio; 
SmallString             RatioString; 
ZoneType                Zone; 
ListType<SectionIDType> C; 
ListType<ZoneType>      J,L,U; 
NaturalNO CountZone_J[8]; 
NaturalNO CountZone_L[8]; 
NaturalNO CountZone_U[8]; 
 
SectionIDType              HeadSectionID; 
String                     input; 
 
Truth Max(Truth x,Truth y) 
{ 
  if (x >=y) 
    return x; 
  else 
    return y; 
} 
 
Truth Min(Truth x,Truth y) 
{ 
  if (x < y) 
    return x; 
  else 
    return y; 
} 
Truth DrasticIntersection(Truth a,Truth b) 
{ 
  if (b==1) 
    return a; 
  else 
    if (a==1) 
      return b; 
    else 
      return 0; 
} 
 

Truth CosinicComplement(Truth a) 
{ 
//  return (1.0+cos(PIE*a))/2.0; 
} 
Truth StandardComplement(Truth a) 
{ 
  return 1-a; 
} 
 
Truth NOT(Truth x,Truth p=-0.5) 
{ 
  return 1.0-x; 
//  return (1.0-x)/(1.0+p*x);//  p in (-1,infinity) 
//  return pow(1.0-pow(x,p),1.0/p);//   p in (0,infinity) 
//  return x <=p ? 1 : 0; 
//  return CosinicComplement(x); 
} 
 
Truth AND(Truth x1,Truth x2) 
{ 
//  return DrasticIntersection(x1,x2); 
  return Min(x1,x2); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3) 
{ 
  return AND(AND(x1,x2),x3); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3,Truth x4) 
{ 
  return AND(AND(x1,x2,x3),x4); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3,Truth x4,Truth 
x5) 
{ 
  return AND(AND(x1,x2,x3,x4),x5); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3,Truth x4,Truth 
x5,Truth x6) 
{ 
  return AND(AND(x1,x2,x3,x4,x5),x6); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3,Truth x4,Truth 
x5,Truth x6,Truth x7) 
{ 
  return AND(AND(x1,x2,x3,x4,x5,x6),x7); 
} 
 
Truth AND(Truth x1,Truth x2,Truth x3,Truth x4,Truth 
x5,Truth x6,Truth x7,Truth x8) 
{ 
  return AND(AND(x1,x2,x3,x4,x5,x6,x7),x8); 
} 
Truth OR(Truth x1,Truth x2) 
{ 
  return Max(x1,x2); 
} 
 
Truth OR(Truth x1,Truth x2,Truth x3) 
{ 
  return OR(OR(x1,x2),x3); 
} 
 
Truth AlphaCut(Truth Input,Truth thrs) 
{ 
  if (Input >=thrs) 
    return 1; 
  else 
    return 0; 
} 
 
Truth Binary2Bipolar(Truth t) 
{ 
  return 2*t-1; 
} 
 

// Input range {0,1} -> final output value ! 
Truth TotalTruth(Truth t,Truth t0)   // determine fuzzy 
mode,and cut 
{ 
  return Binary2Bipolar(t); 
} 
 
#define  ASPIRIN                 1 
#define  NUMBER_OF_CLASSES       77 
#define  PRINT_COMMENT           1 
 
//  not chage value here,change in *.CFG. 
int     FUZZY_MODE; 
Truth   ALPHA_CUT; 
Truth   P_S;// primitive vectors similartity for line 
Truth   P_Z;// primitive vectors similartity for circle 
Truth   Z_S;// zone sim. 
Truth   L_S;// level sim. 
Truth   FuzzyGreaterThan_Simirality; 
Truth   FuzzyLessThan_Simirality; 
Truth   FuzzyCountCircleEndPoints_Constant; 
Truth   FuzzyCountEndPoints_Constant; 
Truth   FuzzyCountPrimitives_OuterConstant; 
Truth   FuzzyCountSections_Constant; 
Truth   FuzzyCountStartZone_Constant; 
Truth   InnerFuzzyListEquality_Constant; 
Truth   OuterFuzzyListEquality_Constant; 
 
Truth   LevelsRelation[5][5]= 
{ 
/*    1,2,3,4,5  */ 
1,0,0,0,0, 
0,1,-1,0,0, 
0,-1,1,-1,0, 
0,0,-1,1,0, 
0,0,0,0,1 
}; 
 
Truth VectorZonesRelation[8][8]=// 
VectorZoneRelation,HeadVectorZoneRelation,EndVe
ctorZoneRelation use the same fuzzy relation. 
{ 
1,-1,-1,-1,-1,-1,0,0, 
 -1,1,-1,0,-1,0,-1,0, 
 -1,-1,1,0,0,-1,-1,0, 
 -1,0,0,1,-1,-1,0,-1, 
 -1,-1,0,-1,1,0,0,-1, 
 -1,0,-1,-1,0,1,0,0, 
 0,-1,-1,0,0,0,1,0, 
 0,0,0,-1,-1,0,0,1 
}; 
 
Truth VectorTypesRelation[13][13]= 
{ 
1,-1,0,0,0,0,0,-1,0,0,0,0,0, 
 -1,1,-1,0,0,0,0,0,0,0,0,0,0, 
 0,-1,1,-1,0,0,0,0,0,0,0,0,0, 
 0,0,-1,1,-1,0,0,0,0,0,0,0,0, 
 0,0,0,-1,1,-1,0,0,0,0,0,0,0, 
 0,0,0,0,-1,1,-1,0,0,0,0,0,0, 
 0,0,0,0,0,-1,1,-1,0,0,0,0,0, 
 -1,0,0,0,0,0,-1,1,0,0,0,0,0, 
 0,0,0,0,0,0,0,0,1,-2,-2,-2,-2, 
 0,0,0,0,0,0,0,0,-2,1,-2,0,-2, 
 0,0,0,0,0,0,0,0,-2,-2,1,-2,0, 
 0,0,0,0,0,0,0,0,-2,0,-2,1,-2, 
 0,0,0,0,0,0,0,0,-2,-2,0,-2,1 
}; 
 
NaturalNO MAXIndex; 
 
#define TRIVIAL 
 
TRIVIAL char *B4(char *input0,char *token0) 
{ 
  String input,token; 
 
  strcpy(input,input0); 
  strcpy(token,token0); 
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  String p; 
  strcpy(p,strtok(input,token)); 
 
  return p; 
} 
 
TRIVIAL char *After(char *input,char token) 
{ 
  char *p=&(input[0]); 
  while (*p !=token) 
    p++; 
  return p+1; 
} 
 
TRIVIAL void SEND2BNN(Truth t) 
{ 
  if (ASPIRIN) 
  { 
    cout<<TotalTruth(t,ALPHA_CUT); 
    cout<<" "; 
  } 
  else  // To be used with exactly match ILP 
  { 
    Truth xxx=TotalTruth(t,ALPHA_CUT); 
    if (xxx==1) 
      cout<<"+"; 
    else 
      cout<<"-"; 
  } 
} 
 
TRIVIAL void NULL_LINKS(NaturalNO n) 
{ 
  for (int i=1;i <=n;i++) 
    if (ASPIRIN) 
      cout<<0<<" "; 
    else 
      cout<<" "; 
} 
 
Truth FuzzyAround(Truth Exact,Truth Desired,float 
Const) 
{ 
//  if (Exact==Desired) 
//    return 1; 
//  else 
    return exp(-1*Const*abs(Desired-Exact)); 
} 
 
Truth FuzzyGreaterThan(Truth Exact,Truth Desired) 
{ 
  if (Exact > Desired) 
    return 1.00; 
  else 
    if (Exact==Desired) 
      return FuzzyGreaterThan_Simirality; 
    else 
      return 0; 
} 
 
Truth FuzzyGreaterThanOrEqual(Truth Exact,Truth 
Desired) 
{ 
  if (Exact >=Desired) 
    return 1.00; 
  else 
    return 0; 
} 
 
Truth FuzzyLessThan(Truth Exact,Truth Desired) 
{ 
  if (Exact < Desired) 
    return 1; 
  else 
    if (Exact==Desired) 
      return FuzzyLessThan_Simirality; 
    else 
      return 0; 
} 
 
Truth FuzzyLessThanOrEqual(Truth Exact,Truth 
Desired) 
{ 
  if (Exact <=Desired) 
    return 1.00; 
  else 

    return 0.00; 
} 
 
Truth IsEndPoint(int SectionID) 
{ 
  Truth xxx=-1*NOT(((SectionID-1) / 64) % 2); 
  if (xxx < 0) 
    return 1; 
  else 
    return 0; 
} 
 
Truth FuzzyLevel(LevelType Desired) 
{ 
  return LevelsRelation[Level-1][Desired-1]; 
} 
 
TRIVIAL template <class T> NaturalNO 
ListSize(ListType<T> &aList) 
{ 
  IteratorType<T> &I(aList); 
  NaturalNO Size=0; 
  while (I) 
  { 
    Size++; 
    I++; 
  } 
  return Size; 
} 
 
NaturalNO CountSections() 
{ 
//  cntsection([],0). 
//  cntsection([A],1). 
//  cntsection([A|B],C) :- cntsection(B,D),inc(D,C). 
  return ListSize(C); 
} 
 
Truth FuzzyCountSections(NaturalNO Desired,Truth 
Const=FuzzyCountSections_Constant) 
{ 
  return FuzzyAround(CountSections(),Desired,Const); 
} 
 
NaturalNO CountZone(ListType<ZoneType> 
&ZoneList) 
{ 
  return ListSize(ZoneList); 
} 
 
TRIVIAL Truth IntervalMember(int x,int x1,int x2) 
{ 
  return (x >=x1) && (x <=x2); 
} 
 
TRIVIAL NaturalNO H1(int SectionID)   // Sectionid 
<=1024 
{ 
  if (IntervalMember(SectionID,1,8)) 
    return 11; 
  if (IntervalMember(SectionID,9,16)) 
    return 14; 
  if (IntervalMember(SectionID,17,24)) 
    return 12; 
  if (IntervalMember(SectionID,25,32)) 
    return 10; 
  if (IntervalMember(SectionID,33,40)) 
    return 13; 
  if (IntervalMember(SectionID,41,48)) 
    return 9; 
  if (IntervalMember(SectionID,49,56)) 
    return 15; 
  if (IntervalMember(SectionID,57,64)) 
    return 16; 
  if (IntervalMember(SectionID,65,128)) 
    return 17; 
  return H1(SectionID-(128-1+1)); 
} 
 
TRIVIAL NaturalNO H2(int SectionID)   // 1025 
<=SectionID <=1664 
{ 
  if (IntervalMember(SectionID,1025,1032)) 
    return 4; 
  if (IntervalMember(SectionID,1033,1040)) 
    return 6; 

  if (IntervalMember(SectionID,1041,1048)) 
    return 2; 
  if (IntervalMember(SectionID,1049,1056)) 
    return 3; 
  if (IntervalMember(SectionID,1057,1064)) 
    return 5; 
  if (IntervalMember(SectionID,1065,1072)) 
    return 1; 
  if (IntervalMember(SectionID,1073,1080)) 
    return 7; 
  if (IntervalMember(SectionID,1081,1088)) 
    return 8; 
  if (IntervalMember(SectionID,1089,1152)) 
    return 17; 
  return H2(SectionID-(1152-1025+1)); 
} 
 
TRIVIAL NaturalNO HRank(int SectionID) 
{ 
  if (SectionID <=1024) 
    return H1(SectionID); 
  else 
    return H2(SectionID); 
} 
 
TRIVIAL char *List2Char() 
{ 
  String s,inc; 
  IteratorType<char>   I(List); 
 
  I.restart(); 
  memset(s,0,sizeof(s)); 
  while (I) 
  { 
    sprintf(inc,"%c",I.current()); 
    strcat(s,inc); 
    I++; 
  } 
  return s; 
} 
 
TRIVIAL template <class T> void 
PrintList(ListType<T> &aList,char sep='!') 
{ 
  IteratorType<T>   I(aList); 
  I.restart(); 
  while (I) 
  { 
    cout<<I.current(); 
    if (sep !='!') 
      cout<<sep; 
    I++; 
  } 
  cout<<endl; 
} 
 
TRIVIAL void DeleteChar(char ToDel) 
{ 
  for (int i=0;i < strlen(input);i++) 
    List.detach(ToDel,TShouldDelete::Delete); 
} 
 
TRIVIAL void FindCharName() 
{ 
  String inc; 
  I.restart(); 
  memset(CharName,0,sizeof(CharName)); 
  while (I.current() !='(') 
  { 
    sprintf(inc,"%c",I.current()); 
    strcat(CharName,inc); 
    I++; 
  } 
} 
 
 
TRIVIAL void FindLevel() 
{ 
  I++; 
  Level=(I.current() - '0'); 
} 
 
TRIVIAL void FindRatio() 
{ 
  I++; 
  I++; 
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  String inc; 
  memset(RatioString,0,sizeof(RatioString)); 
  while (I.current() !=',') 
  { 
    sprintf(inc,"%c",I.current()); 
    strcat(RatioString,inc); 
    I++; 
  } 
  Ratio=atof(RatioString); 
} 
 
TRIVIAL void FindComponents() 
{ 
  C.flush(); 
  I++; 
  I++; 
  int   n=0; 
  int   done=1; 
 
  while (I.current() !=']') 
  { 
    if (I.current()==',') 
    { 
      C.addAtTail(n); 
      n=0; 
      done=1; 
    } 
    if (isdigit(I.current())) 
    { 
      n *=10; 
      n +=I.current() - '0'; 
      done=0; 
    } 
    I++; 
  } 
  if (done==0) 
    C.addAtTail(n); 
} 
 
TRIVIAL void FindJunctions() 
{ 
  J.flush(); 
  I++; 
  I++; 
  int   n=0; 
  int   done=1; 
 
  while (I.current() !=']') 
  { 
    if (I.current()==',') 
    { 
      J.addAtTail(n); 
      n=0; 
      done=1; 
    } 
    if (isdigit(I.current())) 
    { 
      n *=10; 
      n +=I.current()  - '0'; 
      done=0; 
    } 
    I++; 
  } 
  if (done==0) 
    J.addAtTail(n); 
} 
 
TRIVIAL void FindUpperYuks() 
{ 
  U.flush(); 
  I++; 
  I++; 
  int   n=0; 
  int   done=1; 
 
  while (I.current() !=']') 
  { 
    if (I.current()==',') 
    { 
      U.addAtTail(n); 
      n=0; 
      done=1; 
    } 
    if (isdigit(I.current())) 
    { 

      n *=10; 
      n +=I.current()  - '0'; 
      done=0; 
    } 
    I++; 
  } 
  if (done==0) 
    U.addAtTail(n); 
} 
 
TRIVIAL void FindLowerYuks() 
{ 
  L.flush(); 
  I++; 
  I++; 
  int   n=0; 
  int   done=1; 
 
  while (I.current() !=']') 
  { 
    if (I.current()==',') 
    { 
      L.addAtTail(n); 
      n=0; 
      done=1; 
    } 
    if (isdigit(I.current())) 
    { 
      n *=10; 
      n +=I.current()-'0'; 
      done=0; 
    } 
    I++; 
  } 
  if (done==0) 
    L.addAtTail(n); 
} 
 
PrimitiveType CrispPrimitive(SectionIDType 
SectionID) 
{ 
  return ((SectionID-1) / 128) % 13; 
} 
 
Truth FuzzyPrimitive(SectionIDType 
SectionID,PrimitiveType  Desired) 
{ 
  return 
VectorTypesRelation[CrispPrimitive(SectionID)][Desir
ed]; 
} 
 
ZoneType CrispStartZone(SectionIDType SectionID) 
{ 
  return ((SectionID-1) / 8) % 8; 
} 
 
Truth FuzzyZone(ZoneType X,ZoneType Y) 
{ 
  return VectorZonesRelation[X][Y]; 
} 
 
Truth FuzzyStartZone(SectionIDType 
SectionID,ZoneType Desired) 
{ 
  return 
FuzzyZone(CrispStartZone(SectionID),Desired); 
} 
 
ZoneType CrispEndZone(SectionIDType SectionID) 
{ 
  return ((SectionID-1) / 1) % 8; 
} 
 
Truth FuzzyEndZone(SectionIDType 
SectionID,ZoneType Desired) 
{ 
  return 
FuzzyZone(CrispEndZone(SectionID),Desired); 
} 
 
TRIVIAL char YESNO(Truth yn) 
{ 
  return yn==YES ? 'Y' : 'N'; 
} 
 

Truth IsCircle(SectionIDType x) 
{ 
  if ((8 <=CrispPrimitive(x)) && (CrispPrimitive(x) 
<=12)) 
    return 1; 
  else 
    return 0; 
} 
 
 
TRIVIAL void BuildList(char *t) 
{ 
  List.flush(); 
  for (char *p=t;*p !=NULL;p++) 
    List.addAtTail(*p); 
} 
 
 
TRIVIAL void Split() 
{ 
  IteratorType<int>   I(C); 
  I.restart(); 
  
cout<<"primitive:"<<"\t"<<"endpoint:"<<"\t"<<"startzon
e:"<<"\t"<<"endzone:"<<"\t"<<"hrank:"<<endl; 
  cout<<"--------- "<<"\t"<<"-------- "<<"\t"<<"--------- 
"<<"\t"<<"------- "<<"\t"<<"------"<<endl; 
  int ComponentsCount=0; 
  while (I) 
  { 
    ComponentsCount++; 
    cout<<"["<<ComponentsCount<<"]"; 
    cout<<CrispPrimitive(I.current())<<"\t\t"; 
    cout<<YESNO(IsEndPoint(I.current()))<<"\t\t"; 
    cout<<CrispStartZone(I.current())<<"\t\t"; 
    cout<<CrispEndZone(I.current())<<"\t\t"; 
    cout<<HRank(I.current()); 
    cout<<endl; 
    I++; 
  } 
} 
 
 
TRIVIAL void FindHead() 
{ 
  IteratorType<SectionIDType> I(C); 
 
  I.restart(); 
  HeadSectionID=I.current(); 
  while (I) 
  { 
    I++; 
    if (HRank(I.current()) < HRank(HeadSectionID)) 
      HeadSectionID=I.current(); 
  } 
} 
 
Truth FuzzyHeadZone(ZoneType Desired) 
{ 
  return 
FuzzyZone(CrispStartZone(HeadSectionID),Desired); 
} 
 
 
Truth FuzzyHeadPrimitive(PrimitiveType Desired) 
{ 
  return 
VectorTypesRelation[CrispPrimitive(HeadSectionID)][
Desired]; 
} 
 
Truth FuzzyEndPointTopRight() 
{ 
//  enpt_topright(A) :- member(B,A),endpoint(B,-
1),(startzone(B,1) or startzone(B,2)),endzone(B,1). 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 
                      FuzzyEndZone(I.current(),1), 
                      
OR(FuzzyStartZone(I.current(),1),FuzzyStartZone(I.cu
rrent(),2)) 
); 



 45

    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyTopRightTail() 
{ 
//  topright_tail(A) :- member(B,A),endpoint(B,-
1),startzone(B,1),endzone(B,1),<primitive(B,0) OR 
primitive(B,1)>. 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 
                      FuzzyStartZone(I.current(),1), 
                      FuzzyEndZone(I.current(),1), 
                      
OR(FuzzyPrimitive(I.current(),0),FuzzyPrimitive(I.curre
nt(),1)) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyEndPointPrimitive(ZoneType Desired) 
//  enptprim(A,B) :- member(C,A),endpoint(C,-
1),primitive(C,B). 
{ 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 
                      FuzzyPrimitive(I.current(),Desired) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyEndPointZone(ZoneType Desired) 
{ 
//  EndPointZone(L,Z) :- member(x,L),endpoint(x,-
1),startzone(x,Z). 
 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth 
each=AND(FuzzyStartZone(I.current(),Desired), 
                      IsEndPoint(I.current()) 
); 
 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyRightLine() 
{ 
//right_line(L) :- member(x,L),endpoint(x,-
1),endzone(x,1),(primitive(x,1) OR primitive(x,2)). 
 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 

                       FuzzyEndZone(I.current(),1), 
                       OR(FuzzyPrimitive(I.current(),1), 
                            FuzzyPrimitive(I.current(),2) 
) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
TRIVIAL void FlushAll() 
{ 
  List.flush(); 
  C.flush(); 
  J.flush(); 
  L.flush(); 
  U.flush(); 
} 
 
NaturalNO CountEndPoints() 
{ 
//  cntenpt([],0). 
//  cntenpt([A|B],C) :- endpoint(A,-
1),cntenpt(B,D),inc(D,C). 
//  cntenpt([A|B],C) :- endpoint(A,0),cntenpt(B,C). 
 
  IteratorType<SectionIDType> I(C); 
  NaturalNO SUM=0; 
 
  I.restart(); 
  while (I) 
  { 
    if (IsEndPoint(I.current())) 
      SUM++; 
    I++; 
  } 
  return SUM; 
} 
 
Truth FuzzyCountEndPoints(NaturalNO Desired,Truth 
Const=FuzzyCountEndPoints_Constant) 
{ 
  return 
FuzzyAround(CountEndPoints(),Desired,Const); 
} 
 
Truth IsCircleEndPoint(SectionIDType Section) 
{ 
//  iscircenpt(A) :- primitive(A,B),endpoint(A,-
1),iscircle(B). 
  return AND(IsCircle(Section),IsEndPoint(Section)); 
} 
 
NaturalNO CountCircleEndPoints() 
{ 
//  cntcircenpt([],0). 
//  cntcircenpt([A|B],C) :- 
iscircenpt(A),cntcircenpt(B,D),inc(D,C). 
//  cntcircenpt([A|B],C) :- not 
iscircenpt(A),cntcircenpt(B,C). 
  IteratorType<SectionIDType> I(C); 
  int EndPoints=0; 
 
  I.restart(); 
  while (I) 
  { 
    if (IsCircleEndPoint(I.current())) 
      EndPoints++; 
    I++; 
  } 
  return EndPoints; 
} 
 
Truth FuzzyCountCircleEndPoints(NaturalNO 
Desired,Truth 
Const=FuzzyCountCircleEndPoints_Constant) 
{ 
  return 
FuzzyAround(CountCircleEndPoints(),Desired,Const); 
} 
 
template <class T> Truth CrispMember(ListType<T> 
&aList,T toFind) 
{ 

//  member(A,[A|B]). 
//  member(A,[B|C]) :- member(A,C). 
 
  IteratorType<T>  I(aList); 
 
  I.restart(); 
  while (I) 
  { 
    if (I.current()==toFind) 
      return YES; 
    else 
      I++; 
  } 
  return 0;// include empty list ! 
} 
 
template <class T> T LastMember(ListType<T> 
&aList) 
{ 
//  lastmember([A],A). 
//  lastmember([A|B],C) :- lastmember(B,C). 
  if (ListSize(aList)==0) 
    return NULL; 
  else 
  { 
    IteratorType<T> I(aList); 
    I.restart(); 
    for (int i=1;i <=ListSize(aList)-1;i++) 
      I++; 
    return I.current(); 
  } 
} 
 
Truth FuzzyBeginEndZone(ZoneType 
DesiredBeginZone,ZoneType DesiredEndZone) 
//  begendzone([A|B],C,D) :- 
lastmember(B,E),startzone(E,C),endzone(A,D). 
{ 
  IteratorType<SectionIDType>     I(C); 
  I.restart(); 
  return 
AND(FuzzyEndZone(I.current(),DesiredEndZone), 
              
FuzzyStartZone(LastMember(C),DesiredBeginZone) 
); 
} 
 
Truth FuzzyCircleEndPointPrimitive(PrimitiveType 
Desired) 
//    circle_endpoint_prim(List,Desired) :- 
member(C,List),iscircenpt(C),primitive(C,Desired). 
{ 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsCircleEndPoint(I.current()), 
                      FuzzyPrimitive(I.current(),Desired) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyCircleEndPointZone(ZoneType Desired) 
//    circenptzone(A,B) :- 
member(C,A),iscircenpt(C),startzone(C,B). 
{ 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth 
each=AND(FuzzyStartZone(I.current(),Desired), 
                      IsCircleEndPoint(I.current()) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
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  return MaxTruth; 
} 
 
Truth FuzzyListEquality(NaturalNO X[8],NaturalNO 
Y[8], 
                         Truth 
Const1=InnerFuzzyListEquality_Constant, 
                         Truth 
Const2=OuterFuzzyListEquality_Constant) 
{ 
  if ((X[0]==Y[0]) && 
        (X[1]==Y[1]) && 
        (X[2]==Y[2]) && 
        (X[3]==Y[3]) && 
        (X[4]==Y[4]) && 
        (X[5]==Y[5]) && 
        (X[6]==Y[6]) && 
        (X[7]==Y[7]) 
) 
    return 1; 
  else 
  { 
    Truth SigmaCount=FuzzyAround(X[0],Y[0],Const1) 
+ 
                        FuzzyAround(X[1],Y[1],Const1) + 
                        FuzzyAround(X[2],Y[2],Const1) + 
                        FuzzyAround(X[3],Y[3],Const1) + 
                        FuzzyAround(X[4],Y[4],Const1) + 
                        FuzzyAround(X[5],Y[5],Const1) + 
                        FuzzyAround(X[6],Y[6],Const1) + 
                        FuzzyAround(X[7],Y[7],Const1); 
    return FuzzyAround(SigmaCount,8.00,Const2); 
  } 
} 
 
 
Truth J_(NaturalNO z0,NaturalNO z1,NaturalNO 
z2,NaturalNO z3, 
         NaturalNO z4,NaturalNO z5,NaturalNO 
z6,NaturalNO z7) 
{ 
  NaturalNO   Temp[8]; 
 
  Temp[0]=z0; 
  Temp[1]=z1; 
  Temp[2]=z2; 
  Temp[3]=z3; 
  Temp[4]=z4; 
  Temp[5]=z5; 
  Temp[6]=z6; 
  Temp[7]=z7; 
 
  return FuzzyListEquality(Temp,CountZone_J); 
} 
 
 
Truth L_(NaturalNO z0,NaturalNO z1,NaturalNO 
z2,NaturalNO z3, 
         NaturalNO z4,NaturalNO z5,NaturalNO 
z6,NaturalNO z7) 
{ 
  NaturalNO   Temp[8]; 
 
  Temp[0]=z0; 
  Temp[1]=z1; 
  Temp[2]=z2; 
  Temp[3]=z3; 
  Temp[4]=z4; 
  Temp[5]=z5; 
  Temp[6]=z6; 
  Temp[7]=z7; 
 
  return FuzzyListEquality(Temp,CountZone_L); 
} 
 
Truth U_(NaturalNO z0,NaturalNO z1,NaturalNO 
z2,NaturalNO z3, 
         NaturalNO z4,NaturalNO z5,NaturalNO 
z6,NaturalNO z7) 
{ 
  NaturalNO   Temp[8]; 
 
  Temp[0]=z0; 
  Temp[1]=z1; 
  Temp[2]=z2; 
  Temp[3]=z3; 

  Temp[4]=z4; 
  Temp[5]=z5; 
  Temp[6]=z6; 
  Temp[7]=z7; 
 
  return FuzzyListEquality(Temp,CountZone_U); 
} 
 
Truth FuzzyHaveXXXX(PrimitiveType 
DesiredPrimitive,NaturalNO dummy,ZoneType 
DesiredStartZone,ZoneType DesiredEndZone) 
{ 
// havemember(A,B,C,D) :- 
member(E,A),primitive(E,B),endpoint(B,0),startzone(E
,C),endzone(E,D). 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(NOT(IsEndPoint(I.current())), 
                      
FuzzyPrimitive(I.current(),DesiredPrimitive), 
                      
FuzzyStartZone(I.current(),DesiredStartZone), 
                      
FuzzyEndZone(I.current(),DesiredEndZone) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyHaveMember(PrimitiveType 
DesiredPrimitive,ZoneType 
DesiredStartZone,ZoneType DesiredEndZone) 
{ 
// havemember(A,B,C,D) :- 
member(E,A),primitive(E,B),startzone(E,C),endzone(E
,D). 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth 
each=AND(FuzzyPrimitive(I.current(),DesiredPrimitive
), 
                      
FuzzyStartZone(I.current(),DesiredStartZone), 
                      
FuzzyEndZone(I.current(),DesiredEndZone) 
); 
 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyMemberZone(ZoneType 
DesiredStartZone,ZoneType DesiredEndZone) 
//    memberzone(A,B,C) :- 
member(E,A),startzone(E,B),endzone(E,C). 
{ 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth 
each=AND(FuzzyStartZone(I.current(),DesiredStartZo
ne), 
                      
FuzzyEndZone(I.current(),DesiredEndZone) 
); 
 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 

  } 
  return MaxTruth; 
} 
 
template <class T> Truth FuzzyNoZone(ListType<T> 
&aList) 
{ 
//  nozone([]). 
  IteratorType<T>   I(aList); 
 
  I.restart(); 
  if (I) 
    return 0; 
  else 
    return 1.00; 
} 
 
 
template <class T> Truth FuzzyNoZone(ListType<T> 
&aList,ZoneType X) 
{ 
//  nozoneX(A) :- not havezone(X,z0). 
  return NOT(FuzzyHaveZone(aList,X)); 
} 
 
Truth FuzzyBottomRightTail() 
{ 
// bottomright_tail(A) :-  member(B,A),endpoint(B,-
1),endzone(B,4), 
//                         primitive(B,5). 
// bottomright_tail(A) :-  member(B,A),endpoint(B,-
1),endzone(B,4), 
//                         primitive(B,6). 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 
                       FuzzyEndZone(I.current(),4), 
                       
OR(FuzzyPrimitive(I.current(),5),FuzzyPrimitive(I.curre
nt(),6)) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyCountPrimitives(PrimitiveType 
P,NaturalNO Desired,Truth 
OuterConst=FuzzyCountPrimitives_OuterConstant) 
{ 
// cntprimX([],0). 
// cntprimX([A|B],C) :- 
primitive(A,X),cntprimX(B,D),inc(D,C). 
// cntprimX([A|B],C) :- not 
primitive(A,X),cntprimX(B,C). 
 
  IteratorType<SectionIDType> I(C); 
  NaturalNO SigmaCount=0; 
 
  I.restart(); 
  while (I) 
  { 
    SigmaCount +=FuzzyPrimitive(I.current(),P); 
    I++; 
  } 
  return 
FuzzyAround(SigmaCount,Desired,OuterConst); 
} 
 
Truth FuzzyCountStartZone(ZoneType Z,NaturalNO 
Desired,Truth 
Const=FuzzyCountStartZone_Constant) 
{ 
//  cntstzoneX([],0). 
//  cntstzoneX([A|B],C) :- 
startzone(A,X),cntstzoneX(B,D),inc(D,C). 
//  cntstzoneX([A|B],C) :- not 
startzone(A,X),cntstzoneX(B,C). 
 
  IteratorType<SectionIDType> I(C); 
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  NaturalNO SUM=0; 
 
  I.restart(); 
  while (I) 
  { 
    SUM +=FuzzyStartZone(I.current(),Z); 
    I++; 
  } 
  return FuzzyAround(SUM,Desired,Const); 
} 
 
Truth FuzzyTopLeftTail() 
{ 
// topleft_tail(A) :- member(B,A),endpoint(B,-
1),endzone(B,2),primitive(B,4). 
// topleft_tail(A) :- member(B,A),endpoint(B,-
1),endzone(B,2),primitive(B,5). 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(IsEndPoint(I.current()), 
                      FuzzyEndZone(I.current(),2), 
                      
OR(FuzzyPrimitive(I.current(),4),FuzzyPrimitive(I.curre
nt(),5)) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
Truth FuzzyHaveZone(ListType<ZoneType> 
&aList,ZoneType Z) 
{ 
//  havezone(A,B) :- member(B,A). 
 
  IteratorType<ZoneType>  I(aList); 
  I.restart(); 
  if (!I) 
    return 0;// empty list 
  else 
  { 
    Truth MAX=FuzzyZone(I.current(),Z); 
    while (I) 
    { 
      Truth each=FuzzyZone(I.current(),Z); 
      if (each > MAX) 
        MAX=each; 
      I++; 
    } 
    return MAX; 
  } 
} 
 
Truth FuzzyHeadYuk(ListType<ZoneType> &aList) 
{ 
// headyuk(A) :- member(z2,A). 
  return FuzzyHaveZone(aList,2); 
} 
 
Truth FuzzyUpperYuk(ListType<ZoneType> &aList) 
{ 
//    upperyuk(A) :- member(z1,A). 
//    upperyuk(A) :- member(z2,A). 
  return 
OR(FuzzyHaveZone(aList,1),FuzzyHaveZone(aList,2)
); 
} 
 
// topline(A) :- 
member(B,A),endpoint(B,0),primitive(B,0),endzone(B,
1),startzone(B,1) 
// topline(A) :- 
member(B,A),endpoint(B,0),primitive(B,0),endzone(B,
1),startzone(B,2) 
 
Truth FuzzyTopLine() 
{ 
/* 

topline(A) :- 
member(B,A),primitive(B,0),endpoint(B,0),startzone(B,
1), 
              endzone(B,1). 
topline(A) :- 
member(B,A),primitive(B,0),endpoint(B,0),startzone(B,
2), 
              endzone(B,1). 
*/ 
  IteratorType<SectionIDType> I(C); 
  Truth MaxTruth=0; 
  I.restart(); 
  while (I) 
  { 
    Truth each=AND(FuzzyPrimitive(I.current(),0), 
                      NOT(IsEndPoint(I.current())), 
                      
OR(FuzzyStartZone(I.current(),1),FuzzyStartZone(I.cu
rrent(),2)), 
                      FuzzyEndZone(I.current(),1) 
); 
    if (each > MaxTruth) 
      MaxTruth=each; 
    I++; 
  } 
  return MaxTruth; 
} 
 
 
#include "i.knb" // i can be e.knb,z.knb 
 
void BuildDecisionList() 
{ 
  kai(); 
  khai(); 
  khud(); 
  khay(); 
  khon(); 
  rakung(); 
  ngoo(); 
  jan(); 
  ching(); 
  chang(); 
  soo(); 
  kacher(); 
  ying(); 
  chada(); 
  patak(); 
  than(); 
  monto(); 
  putoa(); 
  nen(); 
  deg(); 
  toa(); 
  tung(); 
  tahan(); 
  tong(); 
  nuu(); 
  bimai(); 
  pla(); 
  peung(); 
  fa(); 
  pan(); 
  fan(); 
  sampoa(); 
  mar(); 
  yag(); 
  rua(); 
  rue(); 
  ling(); 
  van(); 
  sala(); 
  ruesi(); 
  sua(); 
  heep(); 
  chula(); 
  ang(); 
  huug(); 
  paiyan(); 
  sra_at(); 
  mi_hanka(); 
  sra_ar(); 
  sra_ei(); 
  sra_ee(); 
  sra_eut(); 
  sra_eu(); 

  sra_ut(); 
  sra_uu(); 
  sra_a(); 
  sra_o(); 
  sra_aio(); 
  sra_aim(); 
  yamok(); 
  mi_tikoo(); 
  mi_ek(); 
  mi_to(); 
  mi_tee(); 
  mi_jatva(); 
  karan(); 
  sra_am(); 
  num_0(); 
  num_1(); 
  num_2(); 
  num_3(); 
  num_4(); 
  num_5(); 
  num_6(); 
  num_7(); 
  num_8(); 
  num_9(); 
} 
 
void BuildCharsAssoc() 
{ 
  NaturalNO n=0; 
  strcpy(CharsAssoc[n++],"kai"); 
  strcpy(CharsAssoc[n++],"khai"); 
  . 
  . 
  . 
  strcpy(CharsAssoc[n++],"num_9"); 
} 
 
int Decision() 
{ 
  NaturalNO MAXValue=0; 
 
  for (NaturalNO i=0;i <=249-161;i++) 
    if (DecisionList[i] > MAXValue) 
      MAXValue=DecisionList[i]; 
  for (MAXIndex=0;MAXIndex <=249-
161;MAXIndex++) 
    if (DecisionList[MAXIndex]==MAXValue) 
      break; 
  if (strcmp(CharsAssoc[MAXIndex],CharName)==0) 
    return 1; 
  else 
    return 0; 
} 
 
void DebugCharInfo() 
{ 
  cout<<"CHARACTER NAME : "<<CharName<<endl; 
  cout<<"LEVEL     : "<<Level<<endl; 
  cout<<"RATIO     : "<<Ratio<<endl; 
  cout<<"COMPONENTS     : ";PrintList(C,' '); 
// Split(); 
  cout<<"JUNCTIONS      : ";PrintList(J,' '); 
  cout<<"LOWERYUKS      : ";PrintList(L,' '); 
  cout<<"UPPERYUKS      : ";PrintList(U,' '); 
  cout<<"HEAD ZONE      : 
"<<CrispStartZone(HeadSectionID)<<endl; 
  cout<<"HEAD PRIM      : 
"<<CrispPrimitive(HeadSectionID)<<endl; 
} 
 
void FindBasicComponents() 
{ 
  FlushAll(); 
  BuildList(input); 
  DeleteChar(' '); 
  DeleteChar('z'); 
  FindCharName(); 
  FindLevel(); 
  FindRatio(); 
  FindComponents(); 
  FindJunctions(); 
  FindLowerYuks(); 
  FindUpperYuks(); 
 
  memset(CountZone_J,0,sizeof(CountZone_J)); 
  memset(CountZone_L,0,sizeof(CountZone_L)); 
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  memset(CountZone_U,0,sizeof(CountZone_U)); 
 
  FindHead(); 
  { 
    IteratorType<ZoneType> I(J); 
    I.restart(); 
    while (I) 
    { 
      CountZone_J[I.current()]++; 
      I++; 
    } 
  } 
  { 
    IteratorType<ZoneType> I(L); 
    I.restart(); 
    while (I) 
    { 
      CountZone_L[I.current()]++; 
      I++; 
    } 
  } 
  { 
    IteratorType<ZoneType> I(U); 
    I.restart(); 
    while (I) 
    { 
      CountZone_U[I.current()]++; 
      I++; 
    } 
  } 
} 
 
NaturalNO RecogFact(const char *ToRecog) 
{ 
  strcpy(input,ToRecog); 
  FindBasicComponents(); 
  if (DEBUG_CHAR_INFO_MODE==YES) 
  { 
    DebugCharInfo(); 
    PrintList(List); 
  } 
  if (PRINT_COMMENT) 
    cout<<"/*"<<CharName<<"*/"; 
  BuildDecisionList(); 
  NaturalNO n=Decision(); 
  FlushAll(); 
 
  return n; 
} 
 
Truth IsCharacterName(char *s) 
{ 
  for (NaturalNO i=0;i <=sizeof(CharsAssoc[i]);i++) 
    if (strcmp(s,CharsAssoc[i]) !=0) 
      return YES; 
  return NO; 
} 
 
void GenerateRule(SmallString C) 
{ 
  if (ASPIRIN) 
    cout<<endl; 
  else 
    cout<<","; 
  for (NaturalNO i=0;i <=NUMBER_OF_CLASSES-
1;i++)  // don't forget must -1 ! 
    if (strcmp(CharsAssoc[i],C)==0) 
      break; 
  int ClassBar[NUMBER_OF_CLASSES]; 
  memset(ClassBar,0,sizeof(ClassBar)); 
  ClassBar[i]=1; 
  if (PRINT_COMMENT) 
    cout<<"/*"<<CharName<<"*/"; 
  for (int k=0;k <=NUMBER_OF_CLASSES-1;k++) 
  { 
    cout<<ClassBar[k]; 
    if (k !=NUMBER_OF_CLASSES-1) 
      if (ASPIRIN) 
        cout<<" "; 
  } 
} 
 
int main(int argc,char **argv) 
{ 
   if (argc < 4) 
  { 

    cout<<"Using p77.exe e.knb e.ilp 1.0 c"<<endl; 
    exit(-1); 
  } 
  DEBUG_CHAR_INFO_MODE=NO; 
 
  cout<<"/*"<<endl; 
  Date d; 
  Time t; 
  cout<<d<<endl; 
  cout<<t<<endl; 
 
  ifstream CFGFILE("P77.CFG"); 
  String CFG_Line; 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  FUZZY_MODE=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  ALPHA_CUT=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  P_S=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  P_Z=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  Z_S=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  L_S=atof(B4(After(CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyGreaterThan_Simirality=atof(B4(After(CFG_Line
,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyLessThan_Simirality=atof(B4(After(CFG_Line,'='
),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyCountCircleEndPoints_Constant=atof(B4(After(
CFG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyCountEndPoints_Constant=atof(B4(After(CFG_
Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyCountPrimitives_OuterConstant=atof(B4(After(C
FG_Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyCountSections_Constant=atof(B4(After(CFG_Li
ne,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
FuzzyCountStartZone_Constant=atof(B4(After(CFG_L
ine,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
InnerFuzzyListEquality_Constant=atof(B4(After(CFG_
Line,'='),";")); 
 
  CFGFILE.getline(CFG_Line,sizeof(CFG_Line)); 
  
OuterFuzzyListEquality_Constant=atof(B4(After(CFG_
Line,'='),";")); 
 
  system("type p77.cfg"); 
 
  CFGFILE.close(); 
 
  cout<<"*/"<<endl; 
 
  int i,j; 
  for (i=0;i <=4;i++) 
  { 

    for (j=0;j <=4;j++) 
      if (i !=j) 
        if (LevelsRelation[i][j]==-1) 
          LevelsRelation[i][j]=L_S; 
  } 
  for (i=0;i <=7;i++) 
  { 
    for (j=0;j <=7;j++) 
      if (i !=j) 
        if (VectorZonesRelation[i][j]==-1) 
          VectorZonesRelation[i][j]=Z_S; 
  } 
 for (i=0;i <=12;i++) 
  { 
    for (j=0;j <=12;j++) 
      if (i !=j) 
      { 
        if (VectorTypesRelation[i][j]==-1) 
          VectorTypesRelation[i][j]=P_S; 
        if (VectorTypesRelation[i][j]==-2) 
          VectorTypesRelation[i][j]=P_Z; 
      } 
  } 
  BuildCharsAssoc(); 
  ifstream ifs(argv[1]); 
  String TestData; 
 
  while (!ifs.eof()) 
  { 
    ifs.getline(TestData,sizeof(TestData)); 
    if ((strcmp(TestData,"") !=0) && (TestData[0] !='\%') 
&& (TestData[0] !='\\')) 
    { 
      RecogFact(TestData); 
      GenerateRule(CharName); 
      cout<<endl; 
    } 
  } 
  ifs.close(); 
  return 0; 
} 
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