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а   а а 

 LFSR.hpp 

#ifndef LFSR_HPP 
#define LFSR_HPP 
 
#include "utilities.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <vector> 
#include <deque> 
#include <cstddef> 
#include <cstdlib> 
#include <algorithm> 
#include <iostream> 
#include <iterator> 
 
using namespace schifra::galois; 
using std::vector; 
using std::deque; 
using std::size_t; 
using std::back_inserter; 
using std::ostream; 
 
class LFSR {     
 
    typedef vector<field_element> MultipliersContainer; 
    typedef deque<field_element> StateContainer; 
 
    MultipliersContainer multipliers; 
    StateContainer state; 
     
public: 
     
    LFSR( field_element* const _muls, field_element* const _st, const 
size_t size ) { 
        multipliers.reserve( size ); 
                 
        std::copy( _muls, _muls + size, back_inserter( multipliers ) ); 
        std::copy( _st, _st + size, back_inserter( state ) ); 
         
    } 
 
    LFSR( const field_polynomial& poly, field_element* _st ); 
     
    LFSR( const field_polynomial& poly, const GFElementsContainer& _st ); 
     
    LFSR( field& _gf ) : multipliers( 1, field_element( &_gf, 0) ),  
                        state( 1, field_element( &_gf, 0) ) {} 
     
    field_element operator()(); 
     
    size_t length() const { 
        return multipliers.size(); 
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    } 
     
    void setState( const StateContainer& newstate ) { 
        state = newstate; 
    } 
     
    friend ostream& operator<<( ostream& os, const LFSR& lfsr ); 
}; 
 
ostream& operator<<( ostream& os, const LFSR& lfsr ); 
 
#endif  // LFSR_HPP 

 LFSR.cpp 

#include "LFSR.hpp" 
#include <algorithm> 
#include <numeric> 
#include <string> 
#include "galois\schifra_galois_field_element.hpp" 
 
ostream& operator<<( ostream& os, const LFSR& lfsr ) { 
    using namespace std; 
    const size_t width = 79; 
    string boldline( width, '=' ); 
    // string line( width, '-' ); 
     
    cout << boldline << endl << "LFSR:" << endl << "size:\t\t" << 
lfsr.length() << endl; 
     
    cout << "multipliers:\t"; 
    copy( lfsr.multipliers.begin(), lfsr.multipliers.end(), 
ostream_iterator<schifra::galois::field_element>(cout," ") ); 
     
    cout << endl << "state:\t\t"; 
    copy( lfsr.state.begin(), lfsr.state.end(), 
ostream_iterator<schifra::galois::field_element>(cout," ") ); 
     
    cout << endl << boldline << endl; 
     
    return os; 
} 
 
field_element LFSR::operator()() { 
    field_element result( state.front() ); 
    const field_element INIT( result.galois_field(), 0 ); 
     
    field_element newElement = std::inner_product( state.begin(), 
state.end(), multipliers.begin(), INIT ); 
     
    state.push_back( newElement ); 
    state.pop_front(); 
     
    return result; 
} 
 
LFSR::LFSR( const field_polynomial& poly, field_element* _st ) { 
    // it is assumed that the _st points to poly.deg()-number of 
field_elements  
    size_t polydeg = poly.deg(); 
    const field_element ZERO( poly.galois_field(), 0 ); 
    multipliers.reserve( polydeg ); 
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    for( size_t i = 0; i < polydeg; ++i, ++_st ) { 
        multipliers.push_back( ZERO - poly[i] ); 
        state.push_back( *_st ); 
    } 
} 
 
LFSR::LFSR( const field_polynomial& poly, const GFElementsContainer& _st ) 
{ 
    // it is assumed that the _st contains poly.deg()-number of 
field_elements  
    size_t polydeg = poly.deg(); 
    const field_element ZERO( poly.galois_field(), 0 ); 
    multipliers.reserve( polydeg ); 
  
    GFElementsContainer::const_iterator stIter = _st.begin(); 
    for( size_t i = 0; i < polydeg; ++i, ++stIter ) { 
        multipliers.push_back( ZERO - poly[i] ); 
        state.push_back( *stIter ); 
    } 
} 

а  а а 

 BM-algorithm.hpp 

#ifndef BM_ALGORITHM_HPP 
#define BM_ALGORITHM_HPP 
 
#include "utilities.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_element.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <vector> 
#include <map> 
#include <cstddef> 
 
using std::size_t; 
 
using namespace schifra::galois; 
 
class BMAlgorithm { 
 
public: 
 
    BMAlgorithm( field& _gf ) :  gf(_gf), monoms( gf ) {} 
 
    GFElementsContainer polySeqProduct( const field_polynomial& poly,  
                                                    const 
GFElementsContainer& seq ); 
    size_t countLeadingZeroes( GFElementsContainer seq ); 
     
    field_polynomial operator()( const GFElementsContainer& seq ); 
    field_polynomial operator()( field_element* const gfes, size_t size ); 
     
    class Monoms { 
    public: 
        Monoms( field& _gf ) : gf(_gf) { 
            field_element gfes[] = { field_element ( &gf, 0 ), 
field_element ( &gf, 1 ) }; 
            data[0] = field_polynomial( &gf, 0, gfes + 1 ); 
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            data[1] = field_polynomial( &gf, 1, gfes ); 
        } 
         
        field_polynomial const & operator[]( size_t degree );                 
     
    private: 
        typedef std::map <size_t, field_polynomial> Container; 
        field& gf; 
        Container data; 
         
        void operator=( const Monoms& ); 
    }; 
     
private: 
    field& gf; 
    Monoms monoms; 
     
    // BMAlgorithm  
    void operator=( const BMAlgorithm& ); 
     
}; 
 
#endif  // BM_ALGORITHM_HPP 

 BM-algorithm.cpp 

#include "BM-algorithm.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <algorithm> 
#include <iterator> 
#include <fstream> 
#include <vector> 
#include <iostream> 
#include <utility> 
#include <limits> 
#include <stdexcept> 
#include <cassert> 
#include <cstddef> 
 
using schifra::galois::field_element; 
using schifra::galois::field_polynomial; 
using std::size_t; 
 
static void printSequence( const GFElementsContainer& seq,  
            std::ostream &out = std::cout  ); 
 
GFElementsContainer BMAlgorithm::polySeqProduct( const field_polynomial& 
poly,  
                                                    const 
GFElementsContainer& seq ) { 
    assert( poly.deg() < (int)seq.size() ); 
     
    const size_t poly_deg = poly.deg(); 
    const size_t res_size = seq.size() - poly_deg; 
     
     
    GFElementsContainer result( res_size ); 
 
    for ( size_t i = 0; i < res_size; ++i ) { 
        result[i] = poly[0] * seq[i]; 
        for ( size_t j = 1; j <= poly_deg; ++j ) { 
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            result[i] += poly[j] * seq[i + j]; 
        } 
    }     
     
    return result; 
} 
 
size_t BMAlgorithm::countLeadingZeroes( GFElementsContainer seq ) { 
    size_t res = 0; 
    const field_element ZERO( &gf, 0 ); 
    while( res < seq.size() && seq[res] == ZERO ) 
        ++res;         
    // return (res == seq.size()) ? std::numeric_limits<size_t>::max() : 
res; 
    return res; 
} 
 
field_polynomial const & BMAlgorithm::Monoms::operator[]( size_t degree ) { 
    Container::iterator it = data.find( degree ); 
    if ( it == data.end() ) { 
        field_polynomial& x = data[1]; 
        field_polynomial result( x ); 
        for (size_t i = 1; i < degree; ++i) { 
            result *= x; 
        } 
        return ( ( data.insert( std::make_pair( degree, result ) ) ).first 
)->second; 
    } else { 
        return it->second; 
    } 
} 
 
field_polynomial BMAlgorithm::operator()( field_element* const gfes, size_t 
size ) { 
    GFElementsContainer seq; 
    seq.reserve( size ); 
         
    std::copy( gfes, gfes + size, back_inserter( seq ) ); 
 
    return (*this)(seq); 
} 
 
field_polynomial BMAlgorithm::operator()( const GFElementsContainer& seq ) 
{ 
    size_t k_old = 0, k = 0; 
    size_t step = 1, maxsteps = seq.size(); 
    const size_t INFINITY = std::numeric_limits<size_t>::max(); 
     
    //std::cout << "Sequence: "; 
    //std::copy( seq.begin(), seq.end(),  
    //        std::ostream_iterator<field_element>(std::cout, " ") ); 
    //std::cout << std::endl; 
 
    k_old = countLeadingZeroes( seq ); 
    // if ( k_old == INFINITY )    // initial sequence is nullity 
    if ( k_old == seq.size() ) 
        return monoms[1];       // minimal polynomial "x" leads to LFSR 
with one multiplier - 0 
         
    if ( k_old == seq.size() - 1 )      // sequences like 0...0a with 
length n produced by 
        return monoms[ seq.size() ];    // LFSR 0...0 whith length n - not 
shorter! 
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    field_polynomial G_old( &gf ); 
    field_polynomial G( &gf ); 
    field_polynomial G_new( &gf ); 
     
    try { 
        G_old = monoms[0]; 
        G = monoms[k_old + 1] 
                        - seq[k_old + 1] * seq[k_old].inverse() * 
monoms[k_old] * G_old ; 
        G_new = G; 
    } catch (...) { 
        std::cout << "critical error" << std::endl; 
    } 
    GFElementsContainer u, u_old; 
 
    u = polySeqProduct( G, seq );  u_old = seq ; 
    k = countLeadingZeroes( u ); 
    // std::ostream &out = std::cout; 
    // std::ofstream outf("D:/Coding/trace.txt"); 
    // std::ostream &out = outf;     
    // while ( k != INFINITY ) { 
    while ( k + G.deg() < seq.size() ) { 
        // std::cout << G.deg() << std::endl; 
        if( step++ > maxsteps ) 
            throw std::logic_error("Too many iterations!"); 
        //if ( int(k) - int(k_old) > 1 ) { 
            //out << "G_old:\t" << G_old << std::endl; 
            //out << "G:\t\t" << G << std::endl; 
            //out << "k_old:\t" << k_old << std::endl; 
            //out << "k:\t\t" << k << std::endl; 
            //out << "u_old:\t"; 
            //printSequence(u_old, out); 
            //out << "u:\t\t"; 
            //printSequence(u, out); 
            //out << "____________________________________________"; 
            //out << std::endl; 
        //} 
        field_polynomial temp( u[k] * u_old[k_old].inverse() * G_old ); 
        if ( k <= k_old ) { 
            G_new = G - monoms[k_old - k] * temp; 
        } else { 
            G_new = monoms[k - k_old] * G - temp; 
        } 
        assert( G_new.deg() >= G.deg() ); 
        if ( G_new.deg() > G.deg() ) { 
            k_old = k; 
            u_old = u; 
            G_old = G; 
        } 
        G = G_new; 
        u = polySeqProduct( G_new, seq ); 
        k = countLeadingZeroes( u ); 
    } 
     
    return G_new; 
} 
 
void printSequence( const GFElementsContainer& seq,  
        std::ostream &out ) { 
    copy( seq.begin(), seq.end(),  
            std::ostream_iterator<field_element>( out, " " ) ); 
    out << std::endl; 
} 
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 testBM-Algorithm.hpp 

#ifndef TESTBM_ALGORITHM_HPP 
#define TESTBM_ALGORITHM_HPP 
int testBMA(); 
#endif  // TESTBM_ALGORITHM_HPP 

 testBM-Algorithm.сpp 

#include "testBM-Algorithm.hpp" 
#include "BM-Algorithm.hpp" 
#include "LFSR.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include "galois\schifra_galois_field_element.hpp" 
#include <algorithm> 
#include <utility> 
#include <iostream> 
#include <iomanip> 
#include <vector> 
#include <list> 
#include <iterator> 
#include <limits> 
#include <cstddef> 
#include <cstdlib> 
#include <stdexcept> 
 
using namespace schifra::galois; 
using std::copy; 
using std::cout; 
using std::endl; 
using std::size_t; 
using std::ostream_iterator; 
 
unsigned int prim_poly2[] = {1, 1, 1}; 
const unsigned int * prim_poly3 = primitive_polynomial00; 
const unsigned int size = 3; 
field gf ( 3, 3, prim_poly3 ); 
const field_element ZERO( &gf, 0 ); 
BMAlgorithm alg( gf ); 
 
field_element gfes[] = { 
        field_element(&gf,1), 
        field_element(&gf,2), 
        field_element(&gf,3), 
        field_element(&gf,3), 
        field_element(&gf,2), 
        field_element(&gf,1), 
        field_element(&gf,1), 
        field_element(&gf,3), 
        field_element(&gf,2), 
        field_element(&gf,2), 
        field_element(&gf,3), 
        field_element(&gf,1) 
         
};     
 
field_polynomial poly1( &gf, 1, gfes ); // ( &gf, 2, gfes); 
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int testPolySeqProduct(); 
int testCountLeadingZeroes(); 
int testMonoms(); 
int testAlg(); 
int totalSequencesTesting(); 
int testLongSequence(); 
void printSequence( const GFElementsContainer& seq,  
            std::ostream &out = std::cout  ); 
 
int testBMA() { 
    //testPolySeqProduct(); 
    //testCountLeadingZeroes(); 
    // testMonoms(); 
    // testAlg(); 
    totalSequencesTesting(); 
    // testLongSequence(); 
    return 0;     
} 
 
int testMonoms() { 
    BMAlgorithm::Monoms monoms( gf ); 
    for ( size_t i = 0; i < 9; ++i) { 
        cout << monoms[i] << endl; 
    } 
     
    for ( int  i = 10; i >= 0; --i) 
        cout << monoms[0] << endl; 
    return 0; 
} 
int testCountLeadingZeroes() { 
 
    GFElementsContainer seq1(4); 
    seq1[0] = gfes[0]; 
    seq1[1] = gfes[1]; 
    seq1[2] = gfes[2]; 
    seq1[3] = gfes[3]; 
     
    BMAlgorithm alg( gf ); 
 
    GFElementsContainer seq2(4); 
    seq2[0] = field_element(&gf,1); 
    seq2[1] = gfes[1]; 
    seq2[2] = gfes[2]; 
    seq2[3] = gfes[3]; 
     
    assert( alg.countLeadingZeroes(seq2) == 0 ); 
     
    seq2[0] = field_element(&gf,0); 
    seq2[1] = field_element(&gf,0); 
    assert( alg.countLeadingZeroes(seq2) == 2 ); 
     
    seq2[2] = field_element(&gf,0); 
    seq2[3] = field_element(&gf,0); 
    assert( alg.countLeadingZeroes(seq2) == 
std::numeric_limits<size_t>::max() ); 
    //cout <<  
     
    return 0; 
} 
 
int testPolySeqProduct() { 
    GFElementsContainer seq1(4); 
    seq1[0] = gfes[0]; 
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    seq1[1] = gfes[1]; 
    seq1[2] = gfes[2]; 
    seq1[3] = gfes[3]; 
     
    BMAlgorithm alg( gf ); 
    GFElementsContainer prod1 = alg.polySeqProduct( poly1, seq1 ); 
    assert( gfes[0]*gfes[1] + gfes[1]*gfes[2] == prod1[1] ); 
     
    // cout << alg(seq1) << endl;    
    //std::cout << prod1.size() << endl; 
    //copy( prod1.begin(), prod1.end(), 
std::ostream_iterator<field_element>( std::cout," ") ); 
    //std::cout << endl;        
 
    // cout << gfes[0]*gfes[1] + gfes[1]*gfes[2] << endl; 
 
    return 0; 
} 
 
int testAlg() { 
    field_element gfes[] = { 
        field_element(&gf,3), 
        field_element(&gf,1), 
        field_element(&gf,0), 
        field_element(&gf,5), 
        field_element(&gf,4), 
        field_element(&gf,7), 
        field_element(&gf,2) 
    };     
    cout << "GF(8)" << endl << "init sequence:\t"; 
    for ( size_t i = 0; i < 7; ++i ) { 
        cout << gfes[i] << " "; 
    } 
    cout << endl << endl; 
 
    field_polynomial poly( alg( gfes, 7 ) ); 
    LFSR lfsr( poly, gfes );     
    cout << lfsr; 
    cout << "LFSR works:\t"; 
    for ( size_t i = 0; i < 20; ++i ) { 
        cout << lfsr() << " "; 
    } 
    cout << endl; 
     
    return 0; 
} 
 
class SequenceTester { 
public: 
    enum FailureReason { ENDLESS_LOOP = 0, NOT_MATCH = 1 }; 
     
    SequenceTester( field& _gf ) : gf( _gf ),  
                                            alg( gf ),  
                                            failures() { 
    } 
     
    void testSequence( const GFElementsContainer& initseq ) { 
        try { 
            field_polynomial poly( alg( initseq ) ); 
            LFSR lfsr( poly, initseq ); 
            GFElementsContainer resultseq; 
            std::generate_n( std::back_inserter( resultseq ), 
initseq.size(), lfsr); 
            if ( initseq != resultseq ) 
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                failures.push_back( std::make_pair( NOT_MATCH, initseq ) ); 
        } catch( const std::logic_error& ) { 
            failures.push_back( std::make_pair( ENDLESS_LOOP, initseq ) ); 
        } 
    } 
     
    bool hasFailures() { return !failures.empty(); } 
 
    void printFailures() { 
        const FailuresContainer::const_iterator end = failures.end(); 
        for ( FailuresContainer::const_iterator it = failures.begin(); it 
!= end; ++it ) { 
            cout << std::setw(12) << 
                    ( it->first == NOT_MATCH ) ? "Not match:" : "Endless 
loop:"; 
            copy( it->second.begin(), it->second.end(),  
                    ostream_iterator<field_element>( cout, " " ) ); 
            cout << endl; 
        } 
    } 
private: 
    field& gf; 
    BMAlgorithm alg; 
    typedef std::list< std::pair< FailureReason , GFElementsContainer > > 
FailuresContainer; 
    FailuresContainer failures; 
}; 
 
class SequencesGenerator { 
    field& gf; 
    const size_t length; 
    GFElementsContainer currentSequence; 
    SequenceTester& tester; 
 
public: 
    SequencesGenerator( field& _gf, size_t _len, SequenceTester& _tester ) 
: gf( _gf ),  
                            length( _len ), currentSequence( length ), 
tester( _tester ) {} 
     
    void operator()() { 
        sequencesGenerating( 0 ); 
        if ( tester.hasFailures() ) { 
             cout << "There were failures!" << endl; 
        } else { 
            cout << "Succeed!" << endl; 
        } 
    } 
     
    void sequencesGenerating( size_t currentElementToChangeIdx ) { 
        for ( size_t i = 0; i <= gf.mask(); ++i ) { 
            currentSequence[ currentElementToChangeIdx ] = field_element( 
&gf, i ); 
            if ( currentElementToChangeIdx == length - 1 ) { 
                tester.testSequence( currentSequence ); // next sequence to 
test is ready 
                // testSequence(); // - just to print 
            } else { 
                sequencesGenerating( currentElementToChangeIdx + 1 );   // 
recursion! 
            } 
        } 
    } 
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    void testSequence() {   // stub 
        copy( currentSequence.begin(), currentSequence.end(),  
                ostream_iterator<field_element>( cout, " " ) ); 
        cout << endl; 
    } 
private: 
    void operator=( const SequencesGenerator& ); 
}; 
 
int totalSequencesTesting() { 
    SequenceTester tester( gf ); 
    SequencesGenerator generator( gf, 5, tester ); 
    generator(); 
    return 0; 
} 
 
 
int testLongSequence() { 
    //field gf(primitive_polynomial_size14 - 1, primitive_polynomial_size14 
- 1,  
    //        primitive_polynomial14); // 17 
    //field gf( primitive_polynomial_size11 - 1, 
primitive_polynomial_size11 - 1,  
    //        primitive_polynomial11); // 13 
    const size_t len = 100; 
    const size_t fieldSize = gf.mask() + 1; 
    GFElementsContainer seq; 
    for( size_t i = 0; i < len; ++i ) 
        seq.push_back( field_element( &gf, rand()%fieldSize ) ); 
    // printSequence( seq ); 
    SequenceTester tester( gf ); 
    tester.testSequence( seq ); 
    if ( tester.hasFailures() ) { 
         cout << "There were failures!" << endl; 
    } else { 
        cout << "Succeed!" << endl; 
    } 
    // std::system("pause");    
     
    return 0; 
} 
 
void printSequence( const GFElementsContainer& seq,  
        std::ostream &out ) { 
    copy( seq.begin(), seq.end(),  
            ostream_iterator<field_element>( out, " " ) ); 
    out << endl; 
} 
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