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void
Reactor::ReactBeamIntersection_FeaturePoints( Event* event ) {
  StartTiming( "Reactor::ReactBeamIntersection_FeaturePoints" );
  const Hammer* hammer = event->GetHammer();
  const Point3d<double>& direction = event->GetDirection();

  StartTiming( "Affected faces" );
  delete m_beam;
  m_beam = new Beam( hammer->ComputeBeam( -direction ) );
  m_modelBeamFaces.clear();
  m_model->Intersect( &m_modelBeamFaces, *m_beam );
  Face::ReplaceTemporaryFaces( &m_modelBeamFaces );
  Stats::m_curAff = EndTiming();

  list<Face*> beamLeaves;
  list<Face*> intersected;
  if ( m_modelBeamFaces.empty() ) goto end;
  Face::ProjectFeaturePoints( &intersected, m_modelBeamFaces,
                              direction, hammer->GetFeaturePoints() );
  if ( intersected.empty() ) goto end;

  StartTiming( "Refine and other" );
  m_model->RefineFaces( &intersected );
  m_model->UpdateLeafFaces( false );
  Face::RetreiveLeafFaces( &beamLeaves, m_modelBeamFaces );
  m_modelBeamFaces.clear();
  Face::Intersect( &m_modelBeamFaces, beamLeaves, *m_beam );
  Stats::m_curAda = EndTiming();
  if ( m_modelBeamFaces.empty() ) goto end;

  StartTiming( "Move copy" );
  m_modelBeamVertices.clear();
  m_model->GetCopyOfFacesAndVertices( &m_copyBeamFaces, &m_copyBeamVertices,
                                      &m_modelBeamVertices, m_modelBeamFaces );
  SimulateImpactCompression( event, direction );
  Stats::m_curMov = EndTiming();

  ProjectVerticesAlongDirections( &m_modelBeamVertices,
                                  m_copyBeamFaces, m_copyBeamVertices  );

 end:

  for ( list<Face*>::iterator it = m_copyBeamFaces.begin() ;
        it != m_copyBeamFaces.end() ; ++it ) {
    delete *it;
  }
  m_copyBeamFaces.clear();
  {
    for ( vector<Vertex*>::iterator it = m_copyBeamVertices.begin() ;
          it != m_copyBeamVertices.end() ; ++it ) {
      delete *it;
    }
    m_copyBeamVertices.clear();
  }

  EndTiming();
}

void
Reactor::SimulateImpactCompression( const Event* event,
                                    const Point3dd& direction ) {
  StartTiming( "Reactor::SimulateImpactCompression" );
  int nCopyVertInter;
  IntersectionInfo** sorted =
    GetSortedIntersections( event, direction, true, nCopyVertInter );
  MoveVerticesDistance( event, direction, sorted, nCopyVertInter, true );
  for ( int i = 0 ; i < nCopyVertInter ; ++i ) delete sorted[ i ];
  delete[] sorted;
  EndTiming();
}

void
Reactor::ProjectVerticesAlongDirections( list<Vertex*>* projectFromVertices,
                                         const list<Face*>& projectToFaces,
                                         const vector<Vertex*>&
                                         projectToVertices ) {
  StartTiming( "Reactor::ProjectVerticesAlongDirections" );
  vector<Vertex*>::const_iterator itvt = projectToVertices.begin();
  for ( list<Vertex*>::iterator itvf = projectFromVertices->begin() ;
        itvf != projectFromVertices->end() ; ++itvf, ++itvt )
  {
    Vertex* vertexFrom = *itvf;
    Vertex* vertexTo = *itvt;

    if ( vertexFrom->GetPos() != vertexTo->GetPos() )
    {
      const Point3dd& projection = vertexFrom->GetDisplacementDirection();
      double t;
      Ray<Point3dd> ray( vertexFrom->GetPos(), projection );
      if ( Face::Intersect( &t, projectToFaces, ray ) ) {
        if ( t > epsilon ) {
          vertexFrom->GetPos() += projection * t;
        }
      }
    }
  }
  Stats::m_curPro = EndTiming();
}

void
Reactor::GetModelBeamFacesCopy() {
  StartTiming( "Reactor::GetModelBeamFacesCopy" );
  for ( list<Face*>::iterator itf = m_copyBeamFaces.begin() ;
        itf != m_copyBeamFaces.end() ; ++itf ) {
    delete *itf;
  }
  m_copyBeamFaces.clear();
  for ( vector<Vertex*>::iterator itv = m_copyBeamVertices.begin() ;
        itv != m_copyBeamVertices.end() ; ++itv ) {
    delete *itv;
  }
  m_copyBeamVertices.clear();
  m_modelBeamVertices.clear();
  m_model->GetCopyOfFacesAndVertices( &m_copyBeamFaces, &m_copyBeamVertices,

                                      &m_modelBeamVertices, m_modelBeamFaces );
  EndTiming();
}

void
Reactor::ReactVerticesIntersection( Event* event ) {
  AdjustModelMesh( event );
  const Point3d<double>& direction = event->GetDirection();
  int nModelVertInter;
  IntersectionInfo** sorted =
    GetSortedIntersections( event, direction, false, nModelVertInter );
  MoveVerticesDistance( event, direction, sorted, nModelVertInter, false );

  for ( int i = 0 ; i < nModelVertInter ; ++i ) delete sorted[ i ];
  delete[] sorted;
}

IntersectionInfo**
Reactor::GetSortedIntersections( const Event* event,
                                 const Point3d<double>& direction,
                                 bool bUseCopy,
                                 int& nVertInter  ) {
  list<IntersectionInfo*> vertInter;
  assert( !m_copyBeamVertices.empty() );
  int i;
  Vertex* ppt;
  Point3dd p;
  vector<Vertex*>::iterator it = m_copyBeamVertices.begin();
  int max;
  if ( bUseCopy ) {
    max = m_copyBeamVertices.size();
    ppt = *it;
  } else max = m_model->GetNumVertices();

  for ( i = 0 ; i < max ; ++i ) {
    if ( !bUseCopy ) p = m_model->GetVertex( i )->GetPos();
    else p = ppt->GetPos();
    Ray<Point3dd> ray( p, -direction );
    double t;
    Face* face = event->GetHammer()->Intersect( &t, ray );
    if ( face != NULL ) {
      vertInter.push_back( new IntersectionInfo( i, t ) );
    }
    if ( bUseCopy ) {
      ++it;
      ppt = *it;
    }
  }

  nVertInter = vertInter.size();
  if ( nVertInter == 0 ) return( NULL );
  IntersectionInfo** sorted = new IntersectionInfo*[ nVertInter ];
  for ( i = 0 ; i < nVertInter ; ++i, vertInter.pop_front() )
    sorted[ i ] = vertInter.front();
  qsort( sorted, nVertInter, sizeof( IntersectionInfo* ),
         IntersectionInfo::compare );
  return( sorted );

}

void
Reactor::MoveVerticesDistance( const Event* event,
                               const Point3d<double>& direction,
                               IntersectionInfo** sorted, int nVertInter,
                               bool bUseCopy ) {
  if ( nVertInter == 0 ) return;
  double minDi = sorted[ 0 ]->m_distance;
  double movedDistance = 0.0;
  double maxDistance = event->GetForce();
  double prevDistance = 0.0;
  int i;
  for ( i = 0 ; ( i < nVertInter ) && ( movedDistance < maxDistance ) ; ++i ) {
    sorted[ i ]->m_distance -= minDi;
    movedDistance += ( sorted[ i ]->m_distance - prevDistance ) * i;
    prevDistance = sorted[ i ]->m_distance;
  }
  double additional = 0.0;
  if ( maxDistance - movedDistance > 0.0 )
    additional = ( maxDistance - movedDistance ) / nVertInter;
  Vertex* v;
  for ( int j = 0 ; j < i ; ++j ) {
    if ( bUseCopy ) {
      vector<Vertex*>::iterator it = m_copyBeamVertices.begin();
      for ( int k = 0 ; k < sorted[ j ]->m_vertexIndex ; ++k )
        ++it;
      v = *it;
    } else {
      v = m_model->GetVertex( sorted[ j ]->m_vertexIndex );
    }
    v->GetPos() += direction * ( prevDistance - sorted[ j ]->m_distance +
                                 additional );
  }
}

void
Reactor::AdjustModelMesh( Event* event ) {
  StartTiming( "Reactor::AdjustModelMesh" );
  const Hammer* hammer = event->GetHammer();
  if ( hammer == NULL ) return;
  Point3d<double> direction = event->GetDirection();
  m_model->AdjustModelMesh( direction, hammer->GetFeaturePoints() );
  EndTiming();
}
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