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Problem



James



James says



c <<=        ( );sin ba +



“to act exactly like”



Field::const iterator ia = a.begin(); 
Field::const iterator ib = b.begin(); 
for(Field::iterator ic = c.begin();
    ic != c.end(); ++ic, ++ia, ++ib) { 
  *ic = *ia + sin(*ib);
};



and



“run multicore or GPU...”



“...or the Xeon Phi.”



How?



New language!



You can use any language...

 -- James



...as long as it’s C++.

 -- James





C++
Metaprogramming

Template



Different?



Multibackend



Meta-meta-programming



Idea
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Field::const iterator ia =  .begin(); 
Field::const iterator ib =  .begin(); 
for(Field::iterator ic =  .begin();
    ic != c.end(); ++ic, ++ia, ++ib) { 
  *ic = *ia   sin(*ib);
};
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.execute()
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.evalCPU()
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.evalMulti()
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.evalGPU()
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.debug()
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.evalPhi()
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For example...



Our DSEL - Planned Pthread version
c <<= a + sin(b);⇒
Field::const iterator ia1 = a1.begin();
Field::const iterator ib1 = b1.begin();
for(Field::iterator ic1 = c1.begin();

ic1 != c1.end();
++ic1, ++ia1, ++ib1) {

*ic1 = *ia1 + sin(*ib1);
};
...
Field::const iterator ian = an.begin();
Field::const iterator ibn = bn.begin();
for(Field::iterator icn = cn.begin();

icn != cn.end();
++icn, ++ian, ++ibn) {

*icn = *ian + sin(*ibn);
};

{
{

Thread 1

Thread n

...



Under the hood
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   namespace SpatialOps {
      template<typename CurrentMode, typename Operand1, typename Operand2>
       struct SumOp;
      template<typename Operand1, typename Operand2>
       struct SumOp<Initial, Operand1, Operand2> {
         public:
          SumOp<SeqWalk,
                typename Operand1::SeqWalkType,
                typename Operand2::SeqWalkType> typedef SeqWalkType;

          #ifdef ENABLE_THREADS
             SumOp<Resize,
                   typename Operand1::ResizeType,
                   typename Operand2::ResizeType> typedef ResizeType;
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             SumOp<GPUWalk,
                   typename Operand1::GPUWalkType,
                   typename Operand2::GPUWalkType> typedef GPUWalkType;
          #endif
          /* __CUDACC__ */

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline GhostData ghosts_with_bc(void) const {
             return min(operand1_.ghosts_with_bc(), operand2_.ghosts_with_bc());
          }

          inline GhostData ghosts_without_bc(void) const {
             return min(operand1_.ghosts_without_bc(), operand2_.ghosts_without_bc());
          }

          inline bool has_extents(void) const {
             return (operand1_.has_extents() || operand2_.has_extents());
          }

          inline IntVec extents(void) const {
             #ifndef NDEBUG
                if((operand1_.has_extents() || operand2_.has_extents())) {
                   IntVec extents;

                   if(operand1_.has_extents()) { extents = operand1_.extents(); }
                   else { extents = operand2_.extents(); };

                   if(operand1_.has_extents()) {
                      assert(extents == operand1_.extents());
                   };

                   if(operand2_.has_extents()) {
                      assert(extents == operand2_.extents());
                   };
                }
             #endif
             /* NDEBUG */;

             return (operand1_.has_extents() ? operand1_.extents() : (operand2_.extents()));
          }

          inline IntVec has_bc(void) const {
             return (operand1_.has_extents() ? operand1_.has_bc() : (operand2_.has_bc()));
          }

          inline SeqWalkType init(IntVec const & extents,
                                  GhostData const & ghosts,
                                  IntVec const & hasBC) const {
             return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                operand2_.init(extents, ghosts, hasBC));
          }

          #ifdef ENABLE_THREADS
             inline ResizeType resize(void) const {
                return ResizeType(operand1_.resize(), operand2_.resize());
             }
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             inline bool cpu_ready(void) const {
                return (operand1_.cpu_ready() && operand2_.cpu_ready());
             }

             inline bool gpu_ready(int const deviceIndex) const {
                return (operand1_.gpu_ready(deviceIndex) && operand2_.gpu_ready(deviceIndex));
             }

             inline GPUWalkType gpu_init(IntVec const & extents,
                                         GhostData const & ghosts,
                                         IntVec const & hasBC,
                                         int const deviceIndex) const {
                return GPUWalkType(operand1_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex),
                                   operand2_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex));
             }

             #ifdef NEBO_GPU_TEST
                inline void gpu_prep(int const deviceIndex) const {
                   operand1_.gpu_prep(deviceIndex); operand2_.gpu_prep(deviceIndex);
                }
             #endif
             /* NEBO_GPU_TEST */
          #endif
          /* __CUDACC__ */

         private:
          Operand1 const operand1_;

          Operand2 const operand2_;
      };
      #ifdef ENABLE_THREADS
         template<typename Operand1, typename Operand2>
          struct SumOp<Resize, Operand1, Operand2> {
            public:
             SumOp<SeqWalk,
                   typename Operand1::SeqWalkType,
                   typename Operand2::SeqWalkType> typedef SeqWalkType;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             inline SeqWalkType init(IntVec const & extents,
                                     GhostData const & ghosts,
                                     IntVec const & hasBC) const {
                return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                   operand2_.init(extents, ghosts, hasBC));
             }

            private:
             Operand1 const operand1_;

             Operand2 const operand2_;
         }
      #endif
      /* ENABLE_THREADS */;
      template<typename Operand1, typename Operand2>
       struct SumOp<SeqWalk, Operand1, Operand2> {
         public:
          typename Operand1::value_type typedef value_type;

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline value_type eval(int const x, int const y, int const z) const {
             return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
          }

         private:
          Operand1 operand1_;

          Operand2 operand2_;
      };
      #ifdef __CUDACC__
         template<typename Operand1, typename Operand2>
          struct SumOp<GPUWalk, Operand1, Operand2> {
            public:
             typename Operand1::value_type typedef value_type;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             __device__ inline value_type eval(int const x,
                                               int const y,
                                               int const z) const {
                return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
             }

            private:
             Operand1 operand1_;

             Operand2 operand2_;
         }
      #endif
      /* __CUDACC__ */;

      /* Scalar X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Scalar X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   SubExpr2>,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       arg2.expr()));
       }

      /* Scalar X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* Scalar X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              SubExpr2>,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboScalar<Initial, T>, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1), arg2.expr()));
       }

      /* Field X Scalar */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* Field X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Field X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* Field X SingleValue */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* Field X SingleValueExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboSingleValueExpression<SubExpr2,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* SubExpr X Scalar */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* SubExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SubExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SubExpr X SingleValue */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* SubExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboSingleValueExpression<SubExpr2,
                                            typename FieldType::value_type>
                  const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValue X Scalar */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValue X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValue X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   SubExpr2>,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       arg2.expr()));
       }

      /* SingleValue X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValue X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              SubExpr2>,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboConstSingleValueField<Initial, T>, SubExpr2>
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       arg2.expr()));
       }

      /* SingleValueExpr X Scalar */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial, SubExpr1, NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValueExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboSingleValueExpression<SubExpr1,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValueExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboSingleValueExpression<SubExpr1,
                                            typename FieldType::value_type>
                  const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValueExpr X SingleValue */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstSingleValueField<Initial, T> >
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValueExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial, SubExpr1, SubExpr2>, T>
       operator +(NeboSingleValueExpression<SubExpr1, T> const & arg1,
                  NeboSingleValueExpression<SubExpr2, T> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       };



   namespace SpatialOps {
      template<typename CurrentMode, typename Operand1, typename Operand2>
       struct SumOp;
      template<typename Operand1, typename Operand2>
       struct SumOp<Initial, Operand1, Operand2> {
         public:
          SumOp<SeqWalk,
                typename Operand1::SeqWalkType,
                typename Operand2::SeqWalkType> typedef SeqWalkType;

          #ifdef ENABLE_THREADS
             SumOp<Resize,
                   typename Operand1::ResizeType,
                   typename Operand2::ResizeType> typedef ResizeType;
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             SumOp<GPUWalk,
                   typename Operand1::GPUWalkType,
                   typename Operand2::GPUWalkType> typedef GPUWalkType;
          #endif
          /* __CUDACC__ */

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline GhostData ghosts_with_bc(void) const {
             return min(operand1_.ghosts_with_bc(), operand2_.ghosts_with_bc());
          }

          inline GhostData ghosts_without_bc(void) const {
             return min(operand1_.ghosts_without_bc(), operand2_.ghosts_without_bc());
          }

          inline bool has_extents(void) const {
             return (operand1_.has_extents() || operand2_.has_extents());
          }

          inline IntVec extents(void) const {
             #ifndef NDEBUG
                if((operand1_.has_extents() || operand2_.has_extents())) {
                   IntVec extents;

                   if(operand1_.has_extents()) { extents = operand1_.extents(); }
                   else { extents = operand2_.extents(); };

                   if(operand1_.has_extents()) {
                      assert(extents == operand1_.extents());
                   };

                   if(operand2_.has_extents()) {
                      assert(extents == operand2_.extents());
                   };
                }
             #endif
             /* NDEBUG */;

             return (operand1_.has_extents() ? operand1_.extents() : (operand2_.extents()));
          }

          inline IntVec has_bc(void) const {
             return (operand1_.has_extents() ? operand1_.has_bc() : (operand2_.has_bc()));
          }

          inline SeqWalkType init(IntVec const & extents,
                                  GhostData const & ghosts,
                                  IntVec const & hasBC) const {
             return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                operand2_.init(extents, ghosts, hasBC));
          }

          #ifdef ENABLE_THREADS
             inline ResizeType resize(void) const {
                return ResizeType(operand1_.resize(), operand2_.resize());
             }
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             inline bool cpu_ready(void) const {
                return (operand1_.cpu_ready() && operand2_.cpu_ready());
             }

             inline bool gpu_ready(int const deviceIndex) const {
                return (operand1_.gpu_ready(deviceIndex) && operand2_.gpu_ready(deviceIndex));
             }

             inline GPUWalkType gpu_init(IntVec const & extents,
                                         GhostData const & ghosts,
                                         IntVec const & hasBC,
                                         int const deviceIndex) const {
                return GPUWalkType(operand1_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex),
                                   operand2_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex));
             }

             #ifdef NEBO_GPU_TEST
                inline void gpu_prep(int const deviceIndex) const {
                   operand1_.gpu_prep(deviceIndex); operand2_.gpu_prep(deviceIndex);
                }
             #endif
             /* NEBO_GPU_TEST */
          #endif
          /* __CUDACC__ */

         private:
          Operand1 const operand1_;

          Operand2 const operand2_;
      };
      #ifdef ENABLE_THREADS
         template<typename Operand1, typename Operand2>
          struct SumOp<Resize, Operand1, Operand2> {
            public:
             SumOp<SeqWalk,
                   typename Operand1::SeqWalkType,
                   typename Operand2::SeqWalkType> typedef SeqWalkType;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             inline SeqWalkType init(IntVec const & extents,
                                     GhostData const & ghosts,
                                     IntVec const & hasBC) const {
                return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                   operand2_.init(extents, ghosts, hasBC));
             }

            private:
             Operand1 const operand1_;

             Operand2 const operand2_;
         }
      #endif
      /* ENABLE_THREADS */;
      template<typename Operand1, typename Operand2>
       struct SumOp<SeqWalk, Operand1, Operand2> {
         public:
          typename Operand1::value_type typedef value_type;

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline value_type eval(int const x, int const y, int const z) const {
             return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
          }

         private:
          Operand1 operand1_;

          Operand2 operand2_;
      };
      #ifdef __CUDACC__
         template<typename Operand1, typename Operand2>
          struct SumOp<GPUWalk, Operand1, Operand2> {
            public:
             typename Operand1::value_type typedef value_type;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             __device__ inline value_type eval(int const x,
                                               int const y,
                                               int const z) const {
                return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
             }

            private:
             Operand1 operand1_;

             Operand2 operand2_;
         }
      #endif
      /* __CUDACC__ */;

      /* Scalar X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Scalar X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   SubExpr2>,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       arg2.expr()));
       }

      /* Scalar X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* Scalar X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              SubExpr2>,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboScalar<Initial, T>, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1), arg2.expr()));
       }

      /* Field X Scalar */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* Field X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Field X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* Field X SingleValue */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* Field X SingleValueExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboSingleValueExpression<SubExpr2,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* SubExpr X Scalar */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* SubExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SubExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SubExpr X SingleValue */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* SubExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboSingleValueExpression<SubExpr2,
                                            typename FieldType::value_type>
                  const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValue X Scalar */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValue X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValue X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   SubExpr2>,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       arg2.expr()));
       }

      /* SingleValue X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValue X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              SubExpr2>,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboConstSingleValueField<Initial, T>, SubExpr2>
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       arg2.expr()));
       }

      /* SingleValueExpr X Scalar */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial, SubExpr1, NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValueExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboSingleValueExpression<SubExpr1,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValueExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboSingleValueExpression<SubExpr1,
                                            typename FieldType::value_type>
                  const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValueExpr X SingleValue */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstSingleValueField<Initial, T> >
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValueExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial, SubExpr1, SubExpr2>, T>
       operator +(NeboSingleValueExpression<SubExpr1, T> const & arg1,
                  NeboSingleValueExpression<SubExpr2, T> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       };



   namespace SpatialOps {
      template<typename CurrentMode, typename Operand1, typename Operand2>
       struct SumOp;
      template<typename Operand1, typename Operand2>
       struct SumOp<Initial, Operand1, Operand2> {
         public:
          SumOp<SeqWalk,
                typename Operand1::SeqWalkType,
                typename Operand2::SeqWalkType> typedef SeqWalkType;

          #ifdef ENABLE_THREADS
             SumOp<Resize,
                   typename Operand1::ResizeType,
                   typename Operand2::ResizeType> typedef ResizeType;
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             SumOp<GPUWalk,
                   typename Operand1::GPUWalkType,
                   typename Operand2::GPUWalkType> typedef GPUWalkType;
          #endif
          /* __CUDACC__ */

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline GhostData ghosts_with_bc(void) const {
             return min(operand1_.ghosts_with_bc(), operand2_.ghosts_with_bc());
          }

          inline GhostData ghosts_without_bc(void) const {
             return min(operand1_.ghosts_without_bc(), operand2_.ghosts_without_bc());
          }

          inline bool has_extents(void) const {
             return (operand1_.has_extents() || operand2_.has_extents());
          }

          inline IntVec extents(void) const {
             #ifndef NDEBUG
                if((operand1_.has_extents() || operand2_.has_extents())) {
                   IntVec extents;

                   if(operand1_.has_extents()) { extents = operand1_.extents(); }
                   else { extents = operand2_.extents(); };

                   if(operand1_.has_extents()) {
                      assert(extents == operand1_.extents());
                   };

                   if(operand2_.has_extents()) {
                      assert(extents == operand2_.extents());
                   };
                }
             #endif
             /* NDEBUG */;

             return (operand1_.has_extents() ? operand1_.extents() : (operand2_.extents()));
          }

          inline IntVec has_bc(void) const {
             return (operand1_.has_extents() ? operand1_.has_bc() : (operand2_.has_bc()));
          }

          inline SeqWalkType init(IntVec const & extents,
                                  GhostData const & ghosts,
                                  IntVec const & hasBC) const {
             return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                operand2_.init(extents, ghosts, hasBC));
          }

          #ifdef ENABLE_THREADS
             inline ResizeType resize(void) const {
                return ResizeType(operand1_.resize(), operand2_.resize());
             }
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             inline bool cpu_ready(void) const {
                return (operand1_.cpu_ready() && operand2_.cpu_ready());
             }

             inline bool gpu_ready(int const deviceIndex) const {
                return (operand1_.gpu_ready(deviceIndex) && operand2_.gpu_ready(deviceIndex));
             }

             inline GPUWalkType gpu_init(IntVec const & extents,
                                         GhostData const & ghosts,
                                         IntVec const & hasBC,
                                         int const deviceIndex) const {
                return GPUWalkType(operand1_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex),
                                   operand2_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex));
             }

             #ifdef NEBO_GPU_TEST
                inline void gpu_prep(int const deviceIndex) const {
                   operand1_.gpu_prep(deviceIndex); operand2_.gpu_prep(deviceIndex);
                }
             #endif
             /* NEBO_GPU_TEST */
          #endif
          /* __CUDACC__ */

         private:
          Operand1 const operand1_;

          Operand2 const operand2_;
      };
      #ifdef ENABLE_THREADS
         template<typename Operand1, typename Operand2>
          struct SumOp<Resize, Operand1, Operand2> {
            public:
             SumOp<SeqWalk,
                   typename Operand1::SeqWalkType,
                   typename Operand2::SeqWalkType> typedef SeqWalkType;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             inline SeqWalkType init(IntVec const & extents,
                                     GhostData const & ghosts,
                                     IntVec const & hasBC) const {
                return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                   operand2_.init(extents, ghosts, hasBC));
             }

            private:
             Operand1 const operand1_;

             Operand2 const operand2_;
         }
      #endif
      /* ENABLE_THREADS */;
      template<typename Operand1, typename Operand2>
       struct SumOp<SeqWalk, Operand1, Operand2> {
         public:
          typename Operand1::value_type typedef value_type;

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline value_type eval(int const x, int const y, int const z) const {
             return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
          }

         private:
          Operand1 operand1_;

          Operand2 operand2_;
      };
      #ifdef __CUDACC__
         template<typename Operand1, typename Operand2>
          struct SumOp<GPUWalk, Operand1, Operand2> {
            public:
             typename Operand1::value_type typedef value_type;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             __device__ inline value_type eval(int const x,
                                               int const y,
                                               int const z) const {
                return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
             }

            private:
             Operand1 operand1_;

             Operand2 operand2_;
         }
      #endif
      /* __CUDACC__ */;

      /* Scalar X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Scalar X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   SubExpr2>,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       arg2.expr()));
       }

      /* Scalar X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* Scalar X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              SubExpr2>,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboScalar<Initial, T>, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1), arg2.expr()));
       }

      /* Field X Scalar */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* Field X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Field X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* Field X SingleValue */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* Field X SingleValueExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboSingleValueExpression<SubExpr2,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* SubExpr X Scalar */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* SubExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SubExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SubExpr X SingleValue */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* SubExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboSingleValueExpression<SubExpr2,
                                            typename FieldType::value_type>
                  const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValue X Scalar */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValue X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValue X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   SubExpr2>,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       arg2.expr()));
       }

      /* SingleValue X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValue X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              SubExpr2>,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboConstSingleValueField<Initial, T>, SubExpr2>
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       arg2.expr()));
       }

      /* SingleValueExpr X Scalar */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial, SubExpr1, NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValueExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboSingleValueExpression<SubExpr1,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValueExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboSingleValueExpression<SubExpr1,
                                            typename FieldType::value_type>
                  const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValueExpr X SingleValue */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstSingleValueField<Initial, T> >
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValueExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial, SubExpr1, SubExpr2>, T>
       operator +(NeboSingleValueExpression<SubExpr1, T> const & arg1,
                  NeboSingleValueExpression<SubExpr2, T> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       };



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }
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      template<typename Type1, typename Type2>
       struct NeboFieldCheck;

      template<typename Type>
       struct NeboFieldCheck<Type, Type> { Type typedef Result; };

NeboFieldCheck

NeboFieldCheck



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }



      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }
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      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             typename FieldType::value_type
                                             const & rhs) {
          NeboScalar<Initial, typename FieldType::value_type> typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             FieldType const & rhs) {
          NeboConstField<Initial, FieldType> typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboExpression<RhsType, FieldType>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };

      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             SpatialOps::SpatialField<SpatialOps::
                                                                      SingleValue,
                                                                      typename
                                                                      FieldType::
                                                                      value_type>
                                             const & rhs) {
          NeboConstSingleValueField<Initial, typename FieldType::value_type>
          typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboSingleValueExpression<RhsType,
                                                                       typename
                                                                       FieldType::
                                                                       value_type>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };

      template<typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    typename SpatialOps::SpatialField<SpatialOps::SingleValue, T>::
                    value_type const & rhs) {
          NeboScalar<Initial,
                     typename SpatialOps::SpatialField<SpatialOps::SingleValue,
                                                       T>::value_type> typedef
          RhsType;

          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
RhsType(rhs));

          return lhs;
       };

      template<typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
                    rhs) {
          NeboConstSingleValueField<Initial, T> typedef RhsType;

          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    NeboSingleValueExpression<RhsType, T> const & rhs) {
          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
rhs.expr());

          return lhs;
       };



      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             typename FieldType::value_type
                                             const & rhs) {
          NeboScalar<Initial, typename FieldType::value_type> typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             FieldType const & rhs) {
          NeboConstField<Initial, FieldType> typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboExpression<RhsType, FieldType>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };

      template<typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             SpatialOps::SpatialField<SpatialOps::
                                                                      SingleValue,
                                                                      typename
                                                                      FieldType::
                                                                      value_type>
                                             const & rhs) {
          NeboConstSingleValueField<Initial, typename FieldType::value_type>
          typedef RhsType;

          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true,
                                                                      RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboSingleValueExpression<RhsType,
                                                                       typename
                                                                       FieldType::
                                                                       value_type>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };

      template<typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    typename SpatialOps::SpatialField<SpatialOps::SingleValue, T>::
                    value_type const & rhs) {
          NeboScalar<Initial,
                     typename SpatialOps::SpatialField<SpatialOps::SingleValue,
                                                       T>::value_type> typedef
          RhsType;

          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
RhsType(rhs));

          return lhs;
       };

      template<typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
                    rhs) {
          NeboConstSingleValueField<Initial, T> typedef RhsType;

          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
RhsType(rhs));

          return lhs;
       };

      template<typename RhsType, typename T>
       inline SpatialOps::SpatialField<SpatialOps::SingleValue, T> const &
       operator <<=(SpatialOps::SpatialField<SpatialOps::SingleValue, T> & lhs,
                    NeboSingleValueExpression<RhsType, T> const & rhs) {
          NeboField<Initial,
                    SpatialOps::SpatialField<SpatialOps::SingleValue, T> >(lhs).template
                                                                                
assign<RhsType>(true,
                                                                                                
rhs.expr());

          return lhs;
       };



      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboExpression<RhsType, FieldType>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };



      template<typename RhsType, typename FieldType>
       inline FieldType const & operator <<=(FieldType & lhs,
                                             NeboExpression<RhsType, FieldType>
                                             const & rhs) {
          NeboField<Initial, FieldType>(lhs).template assign<RhsType>(true, rhs.expr());

          return lhs;
       };



      template<typename CurrentMode, typename FieldType>
       struct NeboField;

      template<typename FieldType>
       struct NeboField<Initial, FieldType> {
         public:
          FieldType typedef field_type;

          NeboField<SeqWalk, FieldType> typedef SeqWalkType;

          #ifdef ENABLE_THREADS
             NeboField<Resize, FieldType> typedef ResizeType;
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             NeboField<GPUWalk, FieldType> typedef GPUWalkType;
          #endif
          /* __CUDACC__ */



          template<typename RhsType>
           inline void assign(bool const useGhost, RhsType rhs) {
                    // ...
                    if(gpu_ready()) {
                       if(rhs.gpu_ready(gpu_device_index())) {
                          gpu_assign<RhsType>(rhs,
                                              extents,
                                              ghosts,
                                              hasBC,
                                              limits);
                       }
                       else {
                          // ...
                          throw(std::runtime_error(msg.str()));
                       };
                    }
                    else {
                       if(cpu_ready()) {
                          if(rhs.cpu_ready()) {
                             cpu_assign<RhsType>(rhs,
                                                 extents,
                                                 ghosts,
                                                 hasBC,
                                                 limits);
                          }
                          else {
                             // ...
                             throw(std::runtime_error(msg.str()));
                          };
                       }
                       else {
                          // ...
                          throw(std::runtime_error(msg.str()));
                       };
                    }
                 // ...
                 cpu_assign<RhsType>(rhs, extents, ghosts, hasBC, limits)
           }



          template<typename RhsType>
           inline void assign(bool const useGhost, RhsType rhs) {
                    // ...
                    if(gpu_ready()) {
                       if(rhs.gpu_ready(gpu_device_index())) {
                          gpu_assign<RhsType>(rhs,
                                              extents,
                                              ghosts,
                                              hasBC,
                                              limits);
                       }
                       else {
                          // ...
                          throw(std::runtime_error(msg.str()));
                       };
                    }
                    else {
                       if(cpu_ready()) {
                          if(rhs.cpu_ready()) {
                             cpu_assign<RhsType>(rhs,
                                                 extents,
                                                 ghosts,
                                                 hasBC,
                                                 limits);
                          }
                          else {
                             // ...
                             throw(std::runtime_error(msg.str()));
                          };
                       }
                       else {
                          // ...
                          throw(std::runtime_error(msg.str()));
                       };
                    }
                 // ...
                 cpu_assign<RhsType>(rhs, extents, ghosts, hasBC, limits)
           }



// sequential:
template<typename FieldType>
struct NeboField<SeqWalk, FieldType> {

// multicore:
template<typename FieldType>
struct NeboField<Resize, FieldType> {

// GPU
template<typename FieldType>
struct NeboField<GPUWalk, FieldType> {



      template<typename Operand1, typename Operand2>
       struct SumOp<SeqWalk, Operand1, Operand2> {
         public:
          typename Operand1::value_type typedef value_type;

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline value_type eval(int const x, int const y, int const z) const {
             return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
          }

         private:
          Operand1 operand1_;

          Operand2 operand2_;
      };



      #ifdef __CUDACC__
         template<typename Operand1, typename Operand2>
          struct SumOp<GPUWalk, Operand1, Operand2> {
            public:
             typename Operand1::value_type typedef value_type;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             __device__ inline value_type eval(int const x,
                                               int const y,
                                               int const z) const {
                return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
             }

            private:
             Operand1 operand1_;

             Operand2 operand2_;
         }
      #endif
      /* __CUDACC__ */;
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   namespace SpatialOps {
      template<typename CurrentMode, typename Operand1, typename Operand2>
       struct SumOp;
      template<typename Operand1, typename Operand2>
       struct SumOp<Initial, Operand1, Operand2> {
         public:
          SumOp<SeqWalk,
                typename Operand1::SeqWalkType,
                typename Operand2::SeqWalkType> typedef SeqWalkType;

          #ifdef ENABLE_THREADS
             SumOp<Resize,
                   typename Operand1::ResizeType,
                   typename Operand2::ResizeType> typedef ResizeType;
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             SumOp<GPUWalk,
                   typename Operand1::GPUWalkType,
                   typename Operand2::GPUWalkType> typedef GPUWalkType;
          #endif
          /* __CUDACC__ */

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline GhostData ghosts_with_bc(void) const {
             return min(operand1_.ghosts_with_bc(), operand2_.ghosts_with_bc());
          }

          inline GhostData ghosts_without_bc(void) const {
             return min(operand1_.ghosts_without_bc(), operand2_.ghosts_without_bc());
          }

          inline bool has_extents(void) const {
             return (operand1_.has_extents() || operand2_.has_extents());
          }

          inline IntVec extents(void) const {
             #ifndef NDEBUG
                if((operand1_.has_extents() || operand2_.has_extents())) {
                   IntVec extents;

                   if(operand1_.has_extents()) { extents = operand1_.extents(); }
                   else { extents = operand2_.extents(); };

                   if(operand1_.has_extents()) {
                      assert(extents == operand1_.extents());
                   };

                   if(operand2_.has_extents()) {
                      assert(extents == operand2_.extents());
                   };
                }
             #endif
             /* NDEBUG */;

             return (operand1_.has_extents() ? operand1_.extents() : (operand2_.extents()));
          }

          inline IntVec has_bc(void) const {
             return (operand1_.has_extents() ? operand1_.has_bc() : (operand2_.has_bc()));
          }

          inline SeqWalkType init(IntVec const & extents,
                                  GhostData const & ghosts,
                                  IntVec const & hasBC) const {
             return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                operand2_.init(extents, ghosts, hasBC));
          }

          #ifdef ENABLE_THREADS
             inline ResizeType resize(void) const {
                return ResizeType(operand1_.resize(), operand2_.resize());
             }
          #endif
          /* ENABLE_THREADS */

          #ifdef __CUDACC__
             inline bool cpu_ready(void) const {
                return (operand1_.cpu_ready() && operand2_.cpu_ready());
             }

             inline bool gpu_ready(int const deviceIndex) const {
                return (operand1_.gpu_ready(deviceIndex) && operand2_.gpu_ready(deviceIndex));
             }

             inline GPUWalkType gpu_init(IntVec const & extents,
                                         GhostData const & ghosts,
                                         IntVec const & hasBC,
                                         int const deviceIndex) const {
                return GPUWalkType(operand1_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex),
                                   operand2_.gpu_init(extents,
                                                      ghosts,
                                                      hasBC,
                                                      deviceIndex));
             }

             #ifdef NEBO_GPU_TEST
                inline void gpu_prep(int const deviceIndex) const {
                   operand1_.gpu_prep(deviceIndex); operand2_.gpu_prep(deviceIndex);
                }
             #endif
             /* NEBO_GPU_TEST */
          #endif
          /* __CUDACC__ */

         private:
          Operand1 const operand1_;

          Operand2 const operand2_;
      };
      #ifdef ENABLE_THREADS
         template<typename Operand1, typename Operand2>
          struct SumOp<Resize, Operand1, Operand2> {
            public:
             SumOp<SeqWalk,
                   typename Operand1::SeqWalkType,
                   typename Operand2::SeqWalkType> typedef SeqWalkType;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             inline SeqWalkType init(IntVec const & extents,
                                     GhostData const & ghosts,
                                     IntVec const & hasBC) const {
                return SeqWalkType(operand1_.init(extents, ghosts, hasBC),
                                   operand2_.init(extents, ghosts, hasBC));
             }

            private:
             Operand1 const operand1_;

             Operand2 const operand2_;
         }
      #endif
      /* ENABLE_THREADS */;
      template<typename Operand1, typename Operand2>
       struct SumOp<SeqWalk, Operand1, Operand2> {
         public:
          typename Operand1::value_type typedef value_type;

          SumOp(Operand1 const & operand1, Operand2 const & operand2)
          : operand1_(operand1), operand2_(operand2)
          {}

          inline value_type eval(int const x, int const y, int const z) const {
             return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
          }

         private:
          Operand1 operand1_;

          Operand2 operand2_;
      };
      #ifdef __CUDACC__
         template<typename Operand1, typename Operand2>
          struct SumOp<GPUWalk, Operand1, Operand2> {
            public:
             typename Operand1::value_type typedef value_type;

             SumOp(Operand1 const & operand1, Operand2 const & operand2)
             : operand1_(operand1), operand2_(operand2)
             {}

             __device__ inline value_type eval(int const x,
                                               int const y,
                                               int const z) const {
                return (operand1_.eval(x, y, z) + operand2_.eval(x, y, z));
             }

            private:
             Operand1 operand1_;

             Operand2 operand2_;
         }
      #endif
      /* __CUDACC__ */;

      /* Scalar X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Scalar X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type>,
                                   SubExpr2>,
                             FieldType> operator +(typename FieldType::
                                                   value_type const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg1),
                                       arg2.expr()));
       }

      /* Scalar X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboScalar<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* Scalar X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboScalar<Initial, T>,
                                              SubExpr2>,
                                        T> operator +(typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboScalar<Initial, T>, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboScalar<Initial, T>(arg1), arg2.expr()));
       }

      /* Field X Scalar */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* Field X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* Field X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* Field X SingleValue */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(FieldType const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstField<Initial, FieldType>,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* Field X SingleValueExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result>,
                                   SubExpr2>,
                             FieldType> operator +(FieldType const & arg1,
                                                   NeboSingleValueExpression<SubExpr2,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg2) {
          SumOp<Initial, NeboConstField<Initial, FieldType>, SubExpr2> typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstField<Initial, FieldType>(arg1),
                                       arg2.expr()));
       }

      /* SubExpr X Scalar */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboScalar<Initial,
                                              typename FieldType::value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   typename FieldType::
                                                   value_type const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboScalar<Initial, typename FieldType::value_type> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboScalar<Initial,
                                                  typename FieldType::value_type>(arg2)));
       }

      /* SubExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SubExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SubExpr X SingleValue */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type> >,
                             FieldType> operator +(NeboExpression<SubExpr1,
                                                                  FieldType>
                                                   const & arg1,
                                                   SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg2) {
          SumOp<Initial,
                SubExpr1,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type> >
          typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg2)));
       }

      /* SubExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboExpression<SubExpr1, FieldType> const & arg1,
                  NeboSingleValueExpression<SubExpr2,
                                            typename FieldType::value_type>
                  const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValue X Scalar */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValue X Field */
      template<typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                NeboConstField<Initial, FieldType> > typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValue X SubExpr */
      template<typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   NeboConstSingleValueField<Initial,
                                                             typename FieldType::
                                                             value_type>,
                                   SubExpr2>,
                             FieldType> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                            SingleValue,
                                                                            typename
                                                                            FieldType::
                                                                            value_type>
                                                   const & arg1,
                                                   NeboExpression<SubExpr2,
                                                                  FieldType>
                                                   const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial,
                                          typename FieldType::value_type>,
                SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial,
                                                                 typename
                                                                 FieldType::
                                                                 value_type>(arg1),
                                       arg2.expr()));
       }

      /* SingleValue X SingleValue */
      template<typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial,
                NeboConstSingleValueField<Initial, T>,
                NeboConstSingleValueField<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValue X SingleValueExpr */
      template<typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              NeboConstSingleValueField<Initial,
                                                                        T>,
                                              SubExpr2>,
                                        T> operator +(SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg1,
                                                      NeboSingleValueExpression<SubExpr2,
                                                                                T>
                                                      const & arg2) {
          SumOp<Initial, NeboConstSingleValueField<Initial, T>, SubExpr2>
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(NeboConstSingleValueField<Initial, T>(arg1),
                                       arg2.expr()));
       }

      /* SingleValueExpr X Scalar */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboScalar<Initial, T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      typename SpatialOps::
                                                      SpatialField<SpatialOps::
                                                                   SingleValue,
                                                                   T>::
                                                      value_type const & arg2) {
          SumOp<Initial, SubExpr1, NeboScalar<Initial, T> > typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), NeboScalar<Initial, T>(arg2)));
       }

      /* SingleValueExpr X Field */
      template<typename SubExpr1, typename FieldType>
       inline NeboExpression<SumOp<Initial,
                                   SubExpr1,
                                   NeboConstField<Initial,
                                                  typename NeboFieldCheck<typename
                                                                          FieldType::
                                                                          field_type,
                                                                          FieldType>::
                                                  Result> >,
                             FieldType> operator +(NeboSingleValueExpression<SubExpr1,
                                                                             typename
                                                                             FieldType::
                                                                             value_type>
                                                   const & arg1,
                                                   FieldType const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstField<Initial, FieldType> > typedef
          ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstField<Initial, FieldType>(arg2)));
       }

      /* SingleValueExpr X SubExpr */
      template<typename SubExpr1, typename SubExpr2, typename FieldType>
       inline NeboExpression<SumOp<Initial, SubExpr1, SubExpr2>, FieldType>
       operator +(NeboSingleValueExpression<SubExpr1,
                                            typename FieldType::value_type>
                  const & arg1,
                  NeboExpression<SubExpr2, FieldType> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboExpression<ReturnType, FieldType> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       }

      /* SingleValueExpr X SingleValue */
      template<typename SubExpr1, typename T>
       inline NeboSingleValueExpression<SumOp<Initial,
                                              SubExpr1,
                                              NeboConstSingleValueField<Initial,
                                                                        T> >,
                                        T> operator +(NeboSingleValueExpression<SubExpr1,
                                                                                T>
                                                      const & arg1,
                                                      SpatialOps::SpatialField<SpatialOps::
                                                                               SingleValue,
                                                                               T>
                                                      const & arg2) {
          SumOp<Initial, SubExpr1, NeboConstSingleValueField<Initial, T> >
          typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(),
                                       NeboConstSingleValueField<Initial, T>(arg2)));
       }

      /* SingleValueExpr X SingleValueExpr */
      template<typename SubExpr1, typename SubExpr2, typename T>
       inline NeboSingleValueExpression<SumOp<Initial, SubExpr1, SubExpr2>, T>
       operator +(NeboSingleValueExpression<SubExpr1, T> const & arg1,
                  NeboSingleValueExpression<SubExpr2, T> const & arg2) {
          SumOp<Initial, SubExpr1, SubExpr2> typedef ReturnType;

          NeboSingleValueExpression<ReturnType, T> typedef ReturnTerm;

          return ReturnTerm(ReturnType(arg1.expr(), arg2.expr()));
       };
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