
 



 



 



 



 



 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

 





 

 

 

 



 



 

 

𝐽 = {1, . . . , 𝑛}

𝐽 𝑗

𝑏𝑗  𝑗 ∈ 𝐽

𝑝𝑗

𝑘 𝑖 𝑗

𝑐𝑖𝑗 𝑡𝑖𝑗 = 𝑝𝑖 + 𝑐𝑖𝑗

0 𝑛 + 1

𝑝𝑗 = 𝑏𝑗 = 0 𝑗 ∈ {0, 𝑛 + 1}

𝑉 = 𝐽 ∪ {0, 𝑛 + 1} 𝐾 = {1, . . . , 𝑚}

𝑗 𝐾𝑗 ⊆ 𝐾

𝐾𝑗

𝑝𝑗 𝑗 𝐽𝑘  ⊆  𝐽

𝑘 𝑉𝑘 = 𝐽𝑘 ∪ {0, 𝑛 +  1}

𝐺𝑘 = (𝑉𝑘, 𝐴𝑘) 𝑘 𝐴𝑘

𝑉𝑘 𝑛 + 1 0 𝐺 =

 (𝑉, 𝐴) 𝐴 (𝑖, 𝑗, 𝑘) 𝑘 ∈ 𝐾 (𝑖, 𝑗) ∈

𝐴𝑘 𝐺

𝑎 = (𝑖, 𝑗, 𝑘) ∈ 𝐴 𝑡𝑎 𝑡𝑖𝑗

𝐿

𝐿 ≥ 𝑡0𝑗 + 𝑡𝑗,𝑛+1 𝑗 ∈ 𝐽𝑘 𝑘 ∈ 𝐾

 

𝑃𝑘 ⊂ 𝐴𝑘

0 𝑛 +  1 𝐺𝑘 𝑘 ∈ 𝐾 𝑃𝑘

𝑘

𝑗 𝑃𝑘 𝑘 ∈ 𝐾𝑗 𝑗

𝑠𝑗 𝑗 ∈ 𝑉

𝑠𝑖  −  𝑠𝑗  ≤  −𝑡𝑖𝑗                            𝑘 ∈ 𝐾, (𝑖, 𝑗) ∈ 𝑃𝑘

𝑠𝑛+1  −  𝑠0  ≤   𝐿

𝑠𝑗 𝑗

í 𝑗

𝑗

𝑗 𝑠𝑗



𝑃𝑘 𝑠𝑗

 

𝑘 ∈ 𝐾

(𝑖, 𝑗) ∈ 𝐴𝑘 𝑥𝑖𝑗
𝑘 𝑘

𝑗 𝑖

𝑗 ∈ 𝐽 𝑦𝑗 𝑗

𝑀

𝑘 ∈ 𝐾 𝑆 ⊂ 𝑉𝑘 𝛿−
𝑘(𝑆) = {(𝑖, 𝑗) ∈ 𝐴𝑘 | 𝑖 ∈ 𝑉𝑘\𝑆, 𝑗 ∈

𝑆} 𝛿+
𝑘(𝑆) = {(𝑖, 𝑗) ∈ 𝐴𝑘 | 𝑖 ∈ 𝑆, 𝑗 ∈ 𝑉𝑘\𝑆} 𝑆 = {𝑖} 𝛿−

𝑘(𝑖) 𝛿+
𝑘(𝑆)

𝛿−(𝑆) = {(𝑖, 𝑗, 𝑘) ∈ 𝐴 | (𝑖, 𝑗) ∈ 𝛿−
𝑘(𝑆), 𝑘 ∈ 𝐾} 𝛿+(𝑆) = {(𝑖, 𝑗, 𝑘) ∈

𝐴 | (𝑖, 𝑗) ∈ 𝛿+
𝑘(𝑆), 𝑘 ∈  𝐾}

𝑥𝑘(𝐹) ∑ 𝑥𝑎
𝑘

𝑎∈𝐹 𝐹 ⊆ 𝐴𝑘 𝑥(𝐹) ∑ 𝑥𝑎𝑎∈𝐹 𝐹 ⊆ 𝐴

𝑠𝑗

𝑗 𝑉 𝑠𝑗 𝑗

𝑚á𝑥 ∑ 𝑏𝑗𝑦𝑗𝑗 ∈ 𝐽

𝑥𝑘(𝛿+
𝑘(0)) = 1 𝑘 ∈ 𝐾

𝑥𝑘(𝛿−
𝑘(𝑛 + 1)) = 1 𝑘 ∈ 𝐾

𝑥𝑘(𝛿+
𝑘(𝑗)) − 𝑥𝑘(𝛿−

𝑘(𝑗)) = 0 𝑘 ∈ 𝐾, 𝑗 ∈ 𝐽𝑘

𝑥𝑘(𝛿−
𝑘(𝑗)) = 𝑦𝑗 𝑘 ∈ 𝐾, 𝑗 ∈ 𝐽𝑘

𝑠𝑖 − 𝑠𝑗 +  𝐿𝑥𝑖𝑗
𝑘  ≤ 𝐿 − 𝑡𝑖𝑗 𝑘 ∈ 𝐾, (𝑖, 𝑗) ∈ 𝐴𝑘

𝑠𝑛+1 − 𝑠0 ≤ 𝐿

𝑥𝑖𝑗
𝑘 ∈ {0,1} 𝑘 ∈ 𝐾, (𝑖, 𝑗)  ∈  𝐴𝑘

𝑦𝑗 ∈ {0,1} 𝑗 ∈  𝐽



𝑦𝑗

𝑘 ∈ 𝐾𝑗 𝑗 𝑦𝑗 = 1 𝑗 ∈ 𝐽

𝑗

0 𝑛 +  1

𝑘 ∈ 𝐾𝑗

𝑗

𝑥𝑖𝑗
𝑘 𝑦𝑗



 

 

 

 



 

 

 

 

 

 



 

 



 

 

sudo apt update 

sudo apt install software-properties-common 

sudo add-apt-repository ppa:ubuntu-toolchain-r/test 

sudo apt install gcc-13 g++-13 

sudo update-alternatives --install /usr/bin/gcc gcc /usr/bin/gcc-13 \ 

  100 --slave /usr/bin/g++ g++ /usr/bin/g++-13 



project(project_name) 

 

# Add source files ... 

# Add alias ... 

 

set(CPX_PATH ${CMAKE_SOURCE_DIR}/lib/CplexStudio2211/) 

set(CPX_LIB_PATH ${CPX_PATH}/cplex/lib/x86-64_linux/static_pic/) 

set(CON_LIB_PATH ${CPX_PATH}/concert/lib/x86-64_linux/static_pic/) 

 

find_library(CPX_LIBRARY libcplex.a HINTS ${CPX_LIB_PATH}) 

find_library(ILO_LIBRARY libilocplex.a HINTS ${CPX_LIB_PATH}) 

find_library(CON_LIBRARY libconcert.a HINTS ${CON_LIB_PATH}) 

 

target_include_directories(${PROJECT_NAME} 

    PUBLIC ${CPX_PATH}/cplex/include 

    PUBLIC ${CPX_PATH}/concert/include 

) 

 

target_link_libraries(${PROJECT_NAME} 

    ${CON_LIBRARY} 

    ${ILO_LIBRARY} 

    ${CPX_LIBRARY} 

) 



project(project_name) 

 

include(FetchContent) 

FetchContent_Declare( 

  dependency_name 

  URL https://example.com/release/dependency-1.2.3.zip 

) 

 

# Only for GoogleTest 

set(gtest_force_shared_crt ON CACHE BOOL "" FORCE) 

 

FetchContent_MakeAvailable(dependency_name) 

 

target_link_libraries(${PROJECT_NAME} 

  dependency_name 

) 

 

# Only for GoogleTest 

include(GoogleTest) 

gtest_discover_tests(${PROJECT_NAME}) 

sudo wget https://apt.llvm.org/llvm.sh 

sudo chmod +x llvm.sh 

sudo ./llvm.sh 19 

sudo apt-get update 

sudo apt update 

sudo apt-get install -y clang-tidy-19 clang-format-19 

sudo apt-get install -y valgrind 

 



𝑖 (𝑢𝑖 , 𝑣𝑖 , 𝑝𝑖, 𝑏𝑖)

𝑢𝑖 𝑣𝑖

[−120.0, 120.0] [−199.2, 199.2]

𝑝𝑖

[1, 200] 𝑏𝑖 {1, 10, 100}

0 𝑛 + 1

𝑑𝑖𝑗 = |𝑢𝑖 − 𝑢𝑗|

|𝐾| = 55 𝑘

(𝑢𝑖, 𝑣𝑖) 398.4 × (𝑘 − 1)/55 − 199.2 ≤ 𝑣𝑖 < 398.4 × 𝑘/55 − 199.2 𝑘 = 1, . . . ,55

𝑉𝑘 𝑘 ∈ 𝐾

𝑔 𝑔 ∈ {1,2,3} 𝑔 |𝐾𝑗|  =

 𝑔 𝑗 ∈ 𝑉\{0, 𝑛 + 1} (𝑢𝑖 , 𝑣𝑖)

𝑣𝑖

𝑛

{40,50,60,70} 𝑛

𝐿 = ⌈2 ∙ 𝛼 ∙ (𝑚𝑎𝑥{𝑢𝑗  | 𝑗 ∈ 𝐽} −

𝑚𝑖𝑛{𝑢𝑗  | 𝑗 ∈ 𝐽})⌉ 𝛼 {0.25,0.50,0.75}

 



• 

• 

• 

• 

• 

• 

• 

• 

• 

std::istream & 

operator>>(std::istream &input_stream, OpsInstance &ops_instance) { 

  nlohmann::json json_instance; 

  input_stream >> json_instance; 

  ops_instance.setFromJson(json_instance); 

  return input_stream; 

} 

void OpsInstance::setFromJson(const nlohmann::json &json_instance) { 

  time_to_process_ = json_instance["T"].get<std::vector<std::vector<int>>>(); 

  name_ = json_instance["id"][0].get<std::string>(); 

  date_stamp_ = stringToDateStamp(json_instance["id"][1].get<std::string>()); 

  type_ = json_instance["type"].get<int>(); 

  priorities_ = json_instance["b"].get<std::vector<int>>(); 

  objects_per_sliding_bar_ = 

    json_instance["Jk"].get<std::vector<std::vector<unsigned int>>>(); 

  alpha_ = json_instance["alpha"].get<double>(); 

  time_limit_ = json_instance["L"].get<int>(); 

} 



const std::shared_ptr<Node> &Graph::searchNode(const unsigned int node_id) { 

  if (const auto &iterator = nodes_.find(node_id); iterator != nodes_.end()) { 

    return iterator->second; 

  } 

  nodes_[node_id] = std::make_shared<Node>(node_id); 

  return nodes_[node_id]; 

} 

 

void Graph::addArc(const ArcEndpoints end_points, const int cost) { 

  const auto &from_node = searchNode(end_points.origin_id); 

  const auto &to_node = searchNode(end_points.destination_id); 

  arcs_.emplace_back(from_node, cost, to_node); 

} 

std::istream &operator>>(std::istream &input_stream, OpsInput &ops_input) { 

  input_stream >> static_cast<OpsInstance &>(ops_input); 

  ops_input.createGraphs(); 

  return input_stream; 

} 

0 𝑛 + 1



void OpsInput::addGraphArcs(const int graph_idx) { 

  auto &graph = graphs_[graph_idx]; 

  const auto amount_of_objects = (unsigned int)getAmountOfObjects(); 

  const auto &objects_in_sliding_bar = getObjectsPerSlidingBar(graph_idx); 

  graph.addArc({.origin_id = 0, .destination_id = amount_of_objects - 1}, 0); 

  for (const auto &origin_id : objects_in_sliding_bar) { 

    graph.addArc( 

      {.origin_id = 0, .destination_id = origin_id}, 

      getTimeToProcess({0, origin_id}) 

    ); 

    graph.addArc( 

      {.origin_id = origin_id, .destination_id = amount_of_objects - 1}, 

      getTimeToProcess({origin_id, amount_of_objects - 1}) 

    ); 

    for (const auto &destination_id : objects_in_sliding_bar) { 

      if (origin_id == destination_id) { continue; } 

      graph.addArc( 

        {.origin_id = origin_id, .destination_id = destination_id}, 

        getTimeToProcess({origin_id, destination_id}) 

      ); 

    } 

  } 

} 

 

void OpsInput::createGraphs() { 

  const auto amount_of_sliding_bars = getAmountOfSlidingBars(); 

  graphs_.resize(amount_of_sliding_bars); 

  for (auto graph_idx = 0; graph_idx < amount_of_sliding_bars; ++graph_idx) { 

    addGraphArcs(graph_idx); 

  } 

} 



 

• 

• 

• 

• 

• 

std::ostream &operator<<(std::ostream &output_stream, const OpsOutput &output) { 

  return output_stream << nlohmann::json({ 

    {"x", output.used_arcs_}, 

    {"y", output.observed_objects_}, 

    {"s", output.time_at_objects_}, 

    {"profit", output.getTotalProfit()}, 

    {"time_elapsed", output.time_elapsed_} 

  }).dump(2); 

} 



class OpsError : public std::exception { 

 public: 

  template <typename... Args> 

  explicit OpsError(std::format_string<Args...> format, Args &&...args) : 

    message_ {std::format(format, std::forward<Args>(args)...)} {} 

 

  [[nodiscard]] const char *what() const noexcept override { 

    return message_.c_str(); 

  } 

 

 private: 

  std::string message_; 

}; 

 

𝑥

𝑥 ∈ {0,1}

void OpsOutput::setUsedArcs(const std::vector<double> &used_arcs) { 

  for (int graph_idx = 0; graph_idx < input_->getAmountOfSlidingBars(); 

       ++graph_idx) { 

    const auto &graph = input_->getGraph(graph_idx); 

    for (const auto &arc : graph.getArcs()) { 

      const double value = std::round(used_arcs[arc.getId()]); 

      if (isEqual(value, 0.0)) { continue; } 

      if (!isEqual(value, 1.0)) { 

        throw OpsError( 

          "Invalid value for used arc ({} -> {}): {}. It must be 1 or 0.", 

          arc.getOriginId(), arc.getDestinationId(), value 

        ); 

      } 

      used_arcs_[graph_idx][arc.getOriginId()] = arc.getDestinationId(); 

    } 

  } 

} 

𝑦

𝑦 ∈ {0,1}



void OpsOutput::setObservedObjects(const std::vector<double> &observed_objects 

) { 

  if (observed_objects.empty()) { 

    throw OpsError("The visited objects must be set."); 

  } 

  const auto amount_of_objects = input_->getAmountOfObjects(); 

  observed_objects_[0] = true; 

  observed_objects_[amount_of_objects - 1] = true; 

  for (int idx = 1; idx < amount_of_objects - 1; ++idx) { 

    const double value = observed_objects[idx - 1]; 

    if (isEqual(value, 0.0)) { continue; } 

    if (!isEqual(value, 1.0)) { 

      throw OpsError( 

        "Invalid value for object {}: {}. It must be 1 or 0.", idx, value 

      ); 

    } 

    observed_objects_[idx] = true; 

  } 

} 

𝑠

void OpsOutput::setTimeAtObjects(const std::vector<double> &time_at_objects) { 

  const auto amount_of_objects = input_->getAmountOfObjects(); 

  time_at_objects_[0] = 0; 

  if (time_at_objects.empty()) { 

    throw OpsError("The accumulated time at each node must be set."); 

  } 

  for (auto idx = 1; idx < amount_of_objects; ++idx) { 

    const double value = time_at_objects[idx - 1]; 

    if (value < 0) { 

      throw OpsError( 

        "Invalid value for object {} with time {}. It must be non-negative.", 

        idx, value 

      ); 

    } 

    time_at_objects_[idx] = value / input_->getScalingFactor(); 

  } 

} 

 



std::pair<std::vector<int>, std::vector<int>> 

OpsOutput::countArrivesAndDepartures() const { 

  const auto amount_of_objects = input_->getAmountOfObjects(); 

  const auto amount_of_sliding_bars = input_->getAmountOfSlidingBars(); 

  std::vector<int> arrives_per_node(amount_of_objects, 0); 

  std::vector<int> departures_per_node(amount_of_objects, 0); 

 

  for (int graph_idx = 0; graph_idx < amount_of_sliding_bars; ++graph_idx) { 

    const auto &graph = input_->getGraph(graph_idx); 

    for (const auto &arc : graph.getArcs()) { 

      const ArcEndpoints arc_endpoints { 

        .origin_id = arc.getOriginId(), .destination_id = arc.getDestinationId() 

      }; 

      if (arcWasUsed(graph_idx, arc_endpoints)) { 

        arrives_per_node[arc_endpoints.destination_id]++; 

        departures_per_node[arc_endpoints.origin_id]++; 

      } 

    } 

  } 

  return {arrives_per_node, departures_per_node}; 

} 



void OpsOutput::checkArcs() const { 

  const auto amount_of_objects = input_->getAmountOfObjects(); 

  const auto amount_of_sliding_bars = input_->getAmountOfSlidingBars(); 

  const auto [arrives_per_node, departures_per_node] =  

    countArrivesAndDepartures(); 

  if (departures_per_node[0] != amount_of_sliding_bars) { 

    throw OpsError( 

      "The first node must be visited in each sliding bar. It has {} visits.", 

      departures_per_node[0] 

    ); 

  } 

  if (arrives_per_node[amount_of_objects - 1] != amount_of_sliding_bars) { 

    throw OpsError( 

      "The last node must be visited in each sliding bar. It has {} visits.", 

      arrives_per_node[amount_of_objects - 1] 

    ); 

  } 

  for (std::size_t idx = 1; idx < amount_of_objects - 1; ++idx) { 

    if (departures_per_node[idx] != arrives_per_node[idx]) { 

      throw OpsError( 

        "Node {} must have the same number of arrival and departure arcs. " 

        "It has {} arrivals and {} departures.", 

        idx, arrives_per_node[idx], departures_per_node[idx] 

      ); 

    } 

    if (observed_objects_[idx] != (arrives_per_node[idx] > 0)) { 

      throw OpsError( 

        "Node {} must be visited in order to have arrival / departure arcs.", idx 

      ); 

    } 

  } 

} 



void OpsOutput::checkTime() const { 

  if (time_at_objects_.empty() || time_at_objects_[0] == -1) { 

    throw OpsError("The time spent at each node must be set."); 

  } 

  const double real_maximum_time = 

    double(input_->getTimeLimit()) / input_->getScalingFactor(); 

  for (const auto &time_at_object : time_at_objects_) { 

    if (time_at_object > real_maximum_time + OpsOutput::kMaxTimeMargin) { 

      throw OpsError( 

        "The time spent at moment of visiting each node must be less than the " 

        "maximum time. The maximum time is {} and the time spent is {}.", 

        real_maximum_time, time_at_object 

      ); 

    } 

  } 

} 



 

• 

• 

• 

• 

• 

• 



 

𝑦

𝑗 ∈ 𝐽

void OpsCplexSolver::addYVariable() { 

  const auto &input = getInput(); 

  for (int node_idx = 1; node_idx < input.getAmountOfObjects() - 1; 

       ++node_idx) { 

    observed_objects_.add(IloNumVar( 

      environment_, 0, 1, IloNumVar::Bool, std::format("y_{}", node_idx).c_str() 

    )); 

  } 

  model_.add(observed_objects_); 

} 

𝑠

𝑗 ∈

𝑉

void OpsCplexSolver::addSVariable() { 

  const auto &input = getInput(); 

  for (int node_idx = 0; node_idx < input.getAmountOfObjects(); ++node_idx) { 

    time_at_objects_.add(IloNumVar( 

      environment_, 0, IloInfinity, IloNumVar::Float, 

      std::format("s_{}", node_idx).c_str() 

    )); 

  } 

  model_.add(time_at_objects_); 

} 

𝑥

(𝑖, 𝑗, 𝑘)  ∈  𝐴



void OpsCplexSolver::addXVariable() { 

  const auto &input = getInput(); 

  for (int k = 0; k < input.getAmountOfSlidingBars(); ++k) { 

    const auto graph = input.getGraph(k); 

    for (const auto &arc : graph.getArcs()) { 

      const auto &origin_id = arc.getOriginId(); 

      const auto &destination_id = arc.getDestinationId(); 

      used_arcs_.add(IloNumVar( 

        environment_, 0, 1, IloNumVar::Bool, 

        std::format("x_{}_{}_{}", k + 1, origin_id, destination_id).c_str() 

      )); 

    } 

  } 

  model_.add(used_arcs_); 

} 

 

void OpsCplexSolver::addObjective() { 

  const auto &input = getInput(); 

  IloExpr expression(environment_); 

  for (int node_idx = 1; node_idx < input.getAmountOfObjects() - 1; 

       ++node_idx) { 

    expression += input.getPriority(node_idx) * observed_objects_[node_idx - 1]; 

  } 

  model_.add(IloMaximize(environment_, expression)); 

  expression.end(); 

} 

 



void OpsCplexSolver::addDeltaPlusConstraints(IloRangeArray &constraints) { 

  const auto &input = getInput(); 

  for (auto k = 0; k < input.getAmountOfSlidingBars(); ++k) { 

    const auto &graph = input.getGraph(k); 

    for (const auto &origin_id : graph.getNodesId()) { 

      IloExpr expression(environment_); 

      const auto arcs_id = graph.getSuccessorsArcsId(origin_id); 

      if (arcs_id.empty()) { continue; } 

      for (const auto &arc_id : arcs_id) { expression += used_arcs_[arc_id]; } 

      if (origin_id != 0) { expression -= observed_objects_[origin_id - 1]; } 

      const double is_root_node = origin_id == 0 ? 1.0 : 0.0; 

      constraints.add(IloRange( 

        environment_, is_root_node, expression, is_root_node, 

        std::format("deltaplus_{}_{}", k + 1, origin_id).c_str() 

      )); 

      expression.end(); 

    } 

  } 

} 



void OpsCplexSolver::addDeltaMinusConstraints(IloRangeArray &constraints) { 

  const auto &input = getInput(); 

  const auto last_node_id = input.getAmountOfObjects() - 1; 

  for (auto k = 0; k < input.getAmountOfSlidingBars(); ++k) { 

    const auto &graph = input.getGraph(k); 

    for (const auto &node_id : graph.getNodesId()) { 

      IloExpr expression(environment_); 

      const auto arcs_id = graph.getPredecessorsArcsId(node_id); 

      if (arcs_id.empty()) { continue; } 

      for (const auto &arc_id : arcs_id) { expression += used_arcs_[arc_id]; } 

      if (node_id != last_node_id) { 

        expression -= observed_objects_[node_id - 1]; 

      } 

      const double is_last_node = node_id == last_node_id ? 1.0 : 0.0; 

      constraints.add(IloRange( 

        environment_, is_last_node, expression, is_last_node, 

        std::format("deltaminus_{}_{}", k + 1, node_id).c_str() 

      )); 

      expression.end(); 

    } 

  } 

} 



void OpsCplexSolver::addMTZConstraints(IloRangeArray &constraints) { 

  const auto &input = getInput(); 

  const int BIG_M = std::max((int)input.getMaxArc(), input.getTimeLimit()) + 1; 

  for (auto k = 0; k < input.getAmountOfSlidingBars(); ++k) { 

    const auto &graph = input.getGraph(k); 

    for (const auto &arc : graph.getArcs()) { 

      const auto &origin_id = arc.getOriginId(); 

      const auto &destination_id = arc.getDestinationId(); 

      IloExpr expression(environment_); 

      expression = BIG_M * used_arcs_[arc.getId()] + 

                   time_at_objects_[origin_id] - 

                   time_at_objects_[destination_id]; 

      constraints.add(IloRange( 

        environment_, -IloInfinity, expression, 

        BIG_M - input.getTimeToProcess({origin_id, destination_id}), 

        std::format("MTZ_{}_{}_{}", k + 1, origin_id, destination_id).c_str() 

      )); 

      expression.end(); 

    } 

  } 

} 

void OpsCplexSolver::addLimitConstraints(IloRangeArray &constraints) { 

  const auto &input = getInput(); 

  IloExpr start_time_expression(environment_); 

  start_time_expression = time_at_objects_[0]; 

  constraints.add(IloRange(environment_, 0, start_time_expression, 0, "Limit0")); 

  start_time_expression.end(); 

 

  IloExpr end_time_expression(environment_); 

  end_time_expression = time_at_objects_[(long)input.getAmountOfObjects() - 1]; 

  constraints.add(IloRange( 

    environment_, -IloInfinity, end_time_expression, input.getTimeLimit(), 

    "Limit" 

  )); 

  end_time_expression.end(); 

} 

 



.addOption([] { 

  return input_parser::SingleOption("-i", "--input") 

    .addDescription("Path to the input file to be processed") 

    .addDefaultValue(std::string()) 

    .addConstraint<std::string>( 

      [](const auto &value) -> bool { 

        return value.empty() || std::filesystem::exists(value); 

      }, 

      "The file must exist!" 

    ); 

}) 



.addOption([] { 

  return input_parser::CompoundOption("-c", "--classes") 

    .addDescription("List of class to be processed") 

    .addDefaultValue(std::vector<std::string>()) 

    .addConstraint<std::vector<std::string>>( 

      [](const auto &values) -> bool { 

        return std::ranges::all_of(values, [](const auto &value) { 

          return value == "A" || value == "B" || value == "C"; 

        }); 

      }, 

      "The classes must be one of the following: A, B, C" 

    ) 

    .addConstraint<std::vector<std::string>>( 

      [](const auto &values) -> bool { 

        return std::ranges::all_of( 

          values, 

          [values](const auto &value) -> bool { 

            return std::ranges::count(values, value) == 1; 

          } 

        ); 

      }, 

      "The classes cannot be specified more than once" 

    ); 

}) 

.addOption([] { 

  return input_parser::SingleOption("-t", "--tolerance") 

    .addDescription("Tolerance for the solver") 

    .addDefaultValue(std::string("1e-4")) 

    .toDouble() 

    .transformBeforeCheck() 

    .addConstraint<double>( 

      [](const auto &value) -> bool { return value > 0; }, 

      "The tolerance must be greater than 0" 

    ); 

}) 



struct PathConfig { 

  std::string input_path; 

  std::string output_path; 

}; 

 

void processInstance(const PathConfig &path_config, const double tolerance) { 

  std::ofstream output_os(path_config.output_path); 

  std::stringstream string_stream; 

  output_os << solve<emir::OpsCplexSolver>( 

    path_config.input_path, tolerance, string_stream 

  ); 

} 

void processModelClass(const std::string &model_class, const double tolerance) { 

  const auto input_folder = std::format("data/{}/instances", model_class); 

  const auto output_folder = std::format("data/{}/outputs/", model_class); 

  if (!fs::exists(output_folder)) { fs::create_directory(output_folder); } 

  for (const auto &file : fs::directory_iterator(input_folder)) { 

    std::cout << file.path() << '\n'; 

    processInstance( 

      {.input_path = file.path(), 

       .output_path = output_folder + file.path().filename().string()}, 

      tolerance 

    ); 

  } 

} 



int secureMain(int argc, char *argv[]) { 

  auto parser = createParser(); 

  try { 

    parser.parse(argc, argv); 

  } catch (const input_parser::ParsingError &e) { 

    std::cerr << e.what() << '\n'; 

    return 1; 

  } 

  const auto &input_path = parser.getValue<std::string>("--input"); 

  const auto &classes = parser.getValue<std::vector<std::string>>("--classes"); 

  const auto tolerance = parser.getValue<double>("--tolerance"); 

  if (!input_path.empty()) { 

    processInstance( 

      {.input_path = input_path, .output_path = "solution.txt"}, tolerance 

    ); 

  } else if (!classes.empty()) { 

    for (const auto &model_class : classes) { 

      processModelClass(model_class, tolerance); 

    } 

  } 

  return 0; 

} 

 

 



void testModelClass(const std::string &model_class) { 

  const auto input_folder = std::format("data/{}/instances", model_class); 

  const auto solution_folder = std::format("data/{}/outputs/", model_class); 

  const double tolerance = 1e-4; 

  nlohmann::json solution; 

  std::stringstream string_stream; 

  for (const auto &entry : fs::directory_iterator(input_folder)) { 

    std::ifstream solution_file( 

      solution_folder + entry.path().filename().string() 

    ); 

    emir::OpsCplexSolver solver( 

      createFromFile<emir::OpsInput>(entry.path()), tolerance 

    ); 

    solver.addLog(string_stream); 

    ASSERT_NO_THROW(solver.solve()); 

    solution_file >> solution; 

    EXPECT_EQ(solver.getProfit(), solution["profit"].get<double>()); 

    string_stream.str(std::string()); 

  } 

} 

TEST(OpsTest, OneBandNeeded) { 

  testModelClass("A"); 

} 

TEST(OpsTest, TwoBandsNeeded) { 

  testModelClass("B"); 

} 

TEST(OpsTest, ThreeBandsNeeded) { 

  testModelClass("C"); 

} 

 





𝑡𝑖𝑚𝑒_𝑒𝑙𝑎𝑝𝑠𝑒𝑑 =  3.6 ∗  106







 





 





 



https://github.com/gianluisdiana/OpsCplex
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