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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

UML-діаграми класів розроблених алгоритмів 
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ДОДАТОК В 

Вихідний код програмного забезпечення 

 

 

Лістинг 1 – Файл IAlgorithm.cs 

 

using VRP.Model.Algorithms.Solutions; 

namespace VRP.Model.Algorithms.Base 

{ 

public interface IAlgorithm<in TMap, out TSolution>  

where TMap : class 

where TSolution : ISolution<TSolution> 

{ 

AlgorithmType Type { get; } 

TSolution GetSolution(); 

IAlgorithm<TMap, TSolution> SetMap(TMap map); 

IAlgorithm<TMap, TSolution> Reset(); 

IAlgorithm<TMap, TSolution> WithCollectStats(); 

} 

} 

 

Лістинг 2 – Файл BaseAlgorithm.cs 

 

using VRP.Model.Algorithms.Solutions; 

namespace VRP.Model.Algorithms.Base 

{ 

public abstract class BaseAlgorithm<TMap, TSolution>  : 

IAlgorithm<TMap, TSolution> 

where TMap : class 

where TSolution : ISolution<TSolution> 

{ 

public abstract AlgorithmType Type { get; } 

protected TMap Map = null!; 

protected bool CollectStats; 

public virtual IAlgorithm<TMap, TSolution> SetMap(TMap map) 

{ 

Map = map; 

return this; 

} 

public virtual IAlgorithm<TMap, TSolution> Reset() 

{ 

Map = null!; 

CollectStats = false; 

return this; 

} 

public virtual IAlgorithm <TMap, TSolution> WithCollectStats() 
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{ 

CollectStats = true; 

return this; 

} 

public abstract TSolution GetSolution(); 

} 

} 

 

Лістинг 3 – Файл GreedyAlgorithm.cs 

 

using System.Linq; 

using VRP.Common; 

using VRP.Model.Algorithms.Base; 

using VRP.Model.Algorithms.Solutions; 

using VRP.Model.Map; 

namespace VRP.Model.Algorithms.Classic 

{ 

public class GreedyAlgorithm : BaseAlgorithm<VrpMap, Solution> 

{ 

public override AlgorithmType Type => AlgorithmType.Greedy; 

private readonly int _selectionCount; 

public GreedyAlgorithm(int selectionCount = 1) => 

_selectionCount = selectionCount; 

public override Solution GetSolution() 

{ 

var availableConsumers = Map.Nodes.Where(x => 

x.IsConsumer).ToList(); 

var solution = new Solution(); 

var route = Route.CreateRouteFrom(Map.DepotId); 

var routeTime = 0d; 

while (availableConsumers.Count > 0) 

{ 

var availableCapacity = Map.MaxTruckCapacity - 

route.DeliveredResources; 

var prevNodeId = route.NodeIds.Last(); 

Node[] nextNodes = null; 

var nextNodesWithTimeWindows = availableConsumers 

.Where(x => IsResourcesEnough(x, availableCapacity)) 

.Where(x => IsInTimeWindow(x.TimeWindow, routeTime + 

Map.TimeMatrix[prevNodeId][x.Id])) 

.OrderBy(x => x.TimeWindow.MaxTime) 

.ThenBy(x => Map.Weight[prevNodeId][x.Id]) 

.Take(_selectionCount) 

.ToArray(); 

if (!nextNodesWithTimeWindows.IsNullOrEmpty()) 

nextNodes = nextNodesWithTimeWindows; 

if (nextNodes == null) 

{ 

var nextNodesWithoutTimeWindows = availableConsumers 

.Where(x => x.TimeWindow == null) 

.Where(x => IsResourcesEnough(x, availableCapacity)) 
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.OrderBy(x => Map.Weight[prevNodeId][x.Id]) 

.Take(_selectionCount) 

.ToArray();                    if 

(!nextNodesWithoutTimeWindows.IsNullOrEmpty()) 

nextNodes = nextNodesWithoutTimeWindows;                 

nextNodes ??= availableConsumers 

.Where(x => IsResourcesEnough(x, availableCapacity)) 

.OrderBy(x => Map.Weight[prevNodeId][x.Id]) 

.Take(_selectionCount) 

.ToArray(); 

if (nextNodes.Length == 0) 

{ 

solution.FinishAndAddRouteIfNeeded(route); 

route = Route.CreateRouteFrom(Map.DepotId); 

routeTime = 0; 

} 

else 

{ 

var nextIndex = ConcurrentRandom.Next(0, nextNodes.Length); 

var nextNode = nextNodes[nextIndex]; 

availableConsumers.Remove(nextNode); 

route.Add(nextNode.Id, nextNode.RequiredResources ?? 0); 

routeTime += Map.TimeMatrix[prevNodeId][nextNode.Id]; 

} 

} 

solution.FinishAndAddRouteIfNeeded(route); 

return solution; 

} 

private static bool IsInTimeWindow(TimeRange window, double 

routeTime) => 

window != null && window.MinTime < routeTime && window.MaxTime > 

routeTime; 

private static bool IsResourcesEnough(Node node, int 

availableCapacity) => 

node.RequiredResources <= availableCapacity; 

} 

} 

 

Лістинг 4 – Файл MaxPackerAlgorithm.cs 

 

using System.Collections.Generic; 

using System.Linq; 

using VRP.Model.Algorithms.Base; 

using VRP.Model.Algorithms.Solutions; 

using VRP.Model.Map; 

namespace VRP.Model.Algorithms.Classic 

{ 

public class MaxPackerAlgorithm : BaseAlgorithm<VrpMap, 

Solution> 

{ 

public override AlgorithmType Type => AlgorithmType.MaxPacker; 
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public override Solution GetSolution() 

{ 

var totalRes = Map.NodesWithoutDepot.Sum(x => 

x.RequiredResources!.Value); 

var estimatedCount = EstimateCount(totalRes); 

var finalRoutes = new List<Route>(estimatedCount); 

var notPacked = PackNodesTo(finalRoutes, estimatedCount, 

Map.NodesWithoutDepot); 

while (notPacked.Count > 0) 

{ 

totalRes = notPacked.Select(x => Map.Nodes[x]).Sum(x => 

x.RequiredResources!.Value); 

estimatedCount = EstimateCount(totalRes); 

notPacked = PackNodesTo(finalRoutes, estimatedCount, 

notPacked.Select(x => Map.Nodes[x])); 

} 

foreach (var route in finalRoutes) 

route.Finish(); 

return new Solution(finalRoutes); 

} 

private int EstimateCount(int totalRes) 

{ 

var lastRouteCount = totalRes % Map.MaxTruckCapacity != 0 ? 1 : 

0; 

return totalRes / Map.MaxTruckCapacity + lastRouteCount; 

} 

private List<int> PackNodesTo(List<Route> finalRoutes, int 

routesCount, IEnumerable<Node> nodes) 

{ 

var routes = new List<Route>(routesCount); 

var notPackedOnFirstTry = new List<int>(); 

var routeIndex = 0; 

foreach (var node in nodes.OrderByDescending(x => 

x.RequiredResources)) 

{ 

if (routeIndex >= routes.Count) 

routes.Add(Route.CreateRouteFrom(Map.DepotId)); 

var res = node.RequiredResources!.Value; 

var addedIndex = MakeFirstTryToPackNode(routes, routeIndex, 

node.Id, res); 

if (addedIndex == null) 

notPackedOnFirstTry.Add(node.Id); 

else if (addedIndex == routeIndex && ++routeIndex >= 

routesCount) 

routeIndex = 0; 

} 

finalRoutes.AddRange(routes); 

var notPackedOnSecondTry = new List<int>(); 

foreach (var nodeId in notPackedOnFirstTry) 

if (!MakeSecondTryToPackNode(Map.Nodes[nodeId], finalRoutes)) 

notPackedOnSecondTry.Add(nodeId); 

return notPackedOnSecondTry; 

} 
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private int? MakeFirstTryToPackNode(IReadOnlyList<Route> routes, 

int routeIndex, int nodeId, int res) 

{ 

for (var i = routeIndex; i < routes.Count; i++) 

{ 

var route = routes[i]; 

if (route.DeliveredResources + res > Map.MaxTruckCapacity)  

continue; 

route.Add(nodeId, res); 

return i; 

} 

return null; 

} 

private bool MakeSecondTryToPackNode(Node node, List<Route> 

routes) 

{ 

var neededRes = node.RequiredResources!.Value; 

foreach (var route1 in routes) 

foreach (var route2 in routes) 

{ 

if (route1 == route2) 

continue; 

var res1 = Map.MaxTruckCapacity - route1.DeliveredResources; 

var res2 = Map.MaxTruckCapacity - route2.DeliveredResources; 

if (res1 + res2 < neededRes) 

continue; 

for (var i = 1; i < route1.NodeIds.Count; i++) 

{ 

var node1 = Map.Nodes[route1.NodeIds[i]]; 

for (var j = 1; j < route2.NodeIds.Count; j++) 

{ 

var node2 = Map.Nodes[route2.NodeIds[j]]; 

var newRes1 = (route1.DeliveredResources - 

node1.RequiredResources + node2.RequiredResources)!.Value; 

var newRes2 = (route2.DeliveredResources - 

node2.RequiredResources + node1.RequiredResources)!.Value; 

if (newRes1 > Map.MaxTruckCapacity || newRes2 > 

Map.MaxTruckCapacity) 

continue; 

Route selectedRoute; 

if (newRes1 + node.RequiredResources!.Value < 

Map.MaxTruckCapacity) 

selectedRoute = route1; 

else if (newRes2 + node.RequiredResources!.Value < 

Map.MaxTruckCapacity) 

selectedRoute = route2; 

else 

continue; 

route1.NodeIds[i] = node2.Id; 

route2.NodeIds[j] = node1.Id; 

route1.DeliveredResources = newRes1; 

route2.DeliveredResources = newRes2; 

selectedRoute.Add(node.Id, node.RequiredResources!.Value); 
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return true; 

} 

} 

} 

return false; 

} 

} 

} 

 

Лістинг 5 – Файл SavingsAlgorithm.cs 

 

using System.Collections.Generic; 

using System.Linq; 

using VRP.Model.Algorithms.Base; 

using VRP.Model.Algorithms.Solutions; 

using VRP.Model.Map; 

namespace VRP.Model.Algorithms.Classic 

{ 

public class SavingItem 

{ 

public readonly int NodeI; 

public readonly int NodeJ; 

public readonly double Saving; 

public SavingItem(int nodeI, int nodeJ, double saving) =>  

(NodeI, NodeJ, Saving) = (nodeI, nodeJ, saving); 

} 

public class SavingsAlgorithm : BaseAlgorithm<VrpMap, Solution> 

{ 

public override AlgorithmType Type => AlgorithmType.Savings; 

public override Solution GetSolution() 

{ 

var routeByNodeId = Map.NodesWithoutDepot 

.Select(BuildInitialRoute) 

.ToDictionary(x => x.NodeIds.First(y => y != Map.DepotId), x => 

x); 

foreach (var savingItem in GetSavings().OrderByDescending(x => 

x.Saving)) 

{  

var routeI = routeByNodeId[savingItem.NodeI]; 

var routeJ = routeByNodeId[savingItem.NodeJ]; 

if (!(SatisfySecondCondition(savingItem, routeI, routeJ) 

&& SatisfyThirdCondition(routeI, routeJ) 

&& SatisfyFirstCondition(savingItem, routeI))) 

continue; 

routeI.Merge(routeJ); 

foreach (var nodeId in routeJ.NodeIds) 

routeByNodeId[nodeId] = routeI; 

} 

return new Solution(routeByNodeId.Values.Distinct().ToList()); 

} 

private Route BuildInitialRoute(Node node) => 
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Route 

.CreateRouteFrom(Map.DepotId) 

.Add(node.Id, node.RequiredResources ?? 0) 

.Finish(); 

private IEnumerable<SavingItem> GetSavings() 

{ 

for (var i = 0; i < Map.NodeCount; i++) 

for (var j = 0; j < Map.NodeCount; j++) 

{ 

if (i == j || i == 0 || j == 0) 

continue; 

var saving = Map.Weight[i][Map.DepotId] + 

Map.Weight[Map.DepotId][j] - Map.Weight[i][j]; 

yield return new SavingItem(i, j, saving); 

} 

} 

private bool SatisfyFirstCondition(SavingItem item, Route 

routeI) => !routeI.NodeIds.Contains(item.NodeJ); 

private bool SatisfySecondCondition(SavingItem item, Route 

routeI, Route routeJ) =>  

CheckNodeId(item.NodeI, routeI) && CheckNodeId(item.NodeJ, 

routeJ); 

private bool CheckNodeId(int nodeId, Route route) => 

nodeId == route.NodeIds[1] || nodeId == route.NodeIds[^2]; 

private bool SatisfyThirdCondition(Route routeI, Route routeJ) 

=> routeI.DeliveredResources + routeJ.DeliveredResources <= 

Map!.MaxTruckCapacity; 

} 

} 

 

Лістинг 6 – Файл BranchAndCutAlgorithm.cs 

 

using System.Collections.Generic; 

using System.Linq; 

using VRP.Common; 

using VRP.Model.Algorithms.Base; 

using VRP.Model.Algorithms.Solutions; 

using VRP.Model.Map; 

namespace VRP.Model.Algorithms.Classic 

{ 

public class BranchAndCutAlgorithm : BaseAlgorithm<VrpMap, 

Solution> 

{ 

private class MatrixResult 

{ 

public double Sum; 

public readonly Dictionary<int, MinElements> MinElementsByI; 

public readonly Dictionary<int, MinElements> MinElementsByJ; 

public MatrixResult(int countI, int countJ) 

{ 

MinElementsByI = new Dictionary<int, MinElements>(countI); 
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MinElementsByJ = new Dictionary<int, MinElements>(countJ); 

Sum = 0; 

} 

} 

public override AlgorithmType Type => 

AlgorithmType.BranchAndCut; 

private List<int> _availableIs = null!; 

private List<int> _availableJs = null!; 

public override Solution GetSolution() 

{ 

var requiredTransitions = GetRequiredTransitions(); 

_availableIs = null!; 

_availableJs = null!; 

return MakeSolution(requiredTransitions); 

} 

private Dictionary<int, int> GetRequiredTransitions() 

{ 

_availableIs = new List<int>(Map.NodeCount - 

Map.DepotIds.Count); 

_availableJs = new List<int>(Map.NodeCount - 

Map.DepotIds.Count); 

foreach (var node in Map.NodesWithoutDepot) 

{ 

_availableIs.Add(node.Id); 

_availableJs.Add(node.Id); 

} 

var leftMatrix = InitMatrix(); 

var rightMatrix = InitMatrix(); 

var requiredTransitions = new Dictionary<int, 

int>(Map.NodeCount); 

var (zeroI, zeroJ) = SelectZeroElement(leftMatrix, 

SolveMatrix(leftMatrix)); 

var isLeft = true; 

while (_availableIs.Count > 1) 

{ 

if (isLeft) 

CopyMatrix(rightMatrix, leftMatrix); 

else 

CopyMatrix(leftMatrix, rightMatrix); 

leftMatrix[zeroJ][zeroI] = double.PositiveInfinity; 

var leftResult = SolveMatrix(leftMatrix, zeroI, zeroJ); 

rightMatrix[zeroI][zeroJ] = double.PositiveInfinity; 

var rightResult = SolveMatrix(rightMatrix); 

isLeft = leftResult.Sum <= rightResult.Sum; 

if (isLeft) 

requiredTransitions.Add(zeroI, zeroJ); 

_availableIs.Remove(zeroI); 

_availableJs.Remove(zeroJ); 

(zeroI, zeroJ) = SelectZeroElement(leftMatrix, leftResult, 

zeroI, zeroJ); 

} 

else 

(zeroI, zeroJ) = SelectZeroElement(rightMatrix, rightResult); 
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} 

foreach (var i in _availableIs) 

foreach (var j in _availableJs) 

{ 

if (requiredTransitions.ContainsKey(i)) 

continue; 

requiredTransitions.Add(i, j); 

} 

return requiredTransitions; 

} 

private double[][] InitMatrix() 

{ 

var matrix = new double[Map.NodeCount][]; 

foreach (var i in _availableIs) 

{ 

matrix[i] = new double[Map.NodeCount]; 

foreach (var j in _availableJs) 

matrix[i][j] = i != j ? Map.Weight[i][j] : 

double.PositiveInfinity; 

} 

return matrix; 

} 

private MatrixResult SolveMatrix(double[][] matrix, int? 

disabledI = null, int? disabledJ = null) 

{ 

var result = new MatrixResult(_availableIs.Count, 

_availableJs.Count); 

#region Rows 

foreach (var i in _availableIs) 

{ 

if (disabledI == i) 

continue; 

var minElements = new MinElements 

{ 

Value1 = double.PositiveInfinity, 

Value2 = double.PositiveInfinity, 

}; 

foreach (var j in _availableJs) 

{ 

if (disabledJ == j) 

continue; 

minElements.TrySetValue(j, matrix[i][j]); 

} 

foreach (var j in _availableJs) 

{ 

if (disabledJ == j) 

continue; 

matrix[i][j] -= minElements.Value1; 

} 

result.MinElementsByI.Add(i, minElements); 

result.Sum += minElements.Value1; 

} 

#endregion 
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#region Columns 

foreach (var j in _availableJs) 

{ 

if (disabledJ == j) 

continue; 

var minElements = new MinElements 

{ 

Value1 = double.PositiveInfinity, 

Value2 = double.PositiveInfinity, 

}; 

foreach (var i in _availableIs) 

{ 

if (disabledI == i) 

continue; 

minElements.TrySetValue(i, matrix[i][j]); 

} 

foreach (var i in _availableIs) 

{ 

if (disabledI == i) 

continue; 

matrix[i][j] -= minElements.Value1; 

} 

result.MinElementsByJ.Add(j, minElements); 

result.Sum += minElements.Value1; 

} 

#endregion 

return result; 

} 

private (int, int) SelectZeroElement(double[][] matrix, 

MatrixResult result, int? disabledI = null, 

int? disabledJ = null) 

{ 

var maxSum = double.MinValue; 

var zeroI = -1; 

var zeroJ = -1; 

foreach (var i in _availableIs) 

{ 

if (disabledI == i) 

continue; 

foreach (var j in _availableJs) 

{ 

if (disabledJ == j) 

continue; 

var value = matrix[i][j]; 

if (!value.IsZero()) 

continue; 

var iMinElements = result.MinElementsByI[i]; 

var jMinElements = result.MinElementsByJ[j]; 

var localSum =(iMinElements.OtherIndex == j ? 

iMinElements.Value2 : iMinElements.Value1) + 

(jMinElements.OtherIndex == i ? jMinElements.Value2 : 

jMinElements.Value1); 

if (localSum < maxSum) 
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continue; 

maxSum = localSum; 

zeroI = i; 

zeroJ = j; 

} 

} 

return (zeroI, zeroJ); 

} 

private void CopyMatrix(double[][] matrixForFill, double[][] 

matrixForRead) 

{ 

foreach (var i in _availableIs) 

foreach (var j in _availableJs) 

matrixForFill[i][j] = matrixForRead[i][j]; 

} 

private Solution MakeSolution(Dictionary<int, int> 

requiredTransitions) 

{ 

var count = Map.NodesWithoutDepot.Sum(x => 

x.RequiredResources)!.Value / Map.MaxTruckCapacity; 

var solution = new Solution(count); 

var transition = requiredTransitions.First(); 

var nextNodeId = transition.Key; 

var route = Route.CreateRouteFrom(Map.DepotId); 

route.Add(nextNodeId, 

Map.Nodes[transition.Key].RequiredResources!.Value); 

while (requiredTransitions.Count > 0){ 

var prevNodeId = nextNodeId; 

nextNodeId = requiredTransitions[prevNodeId]; 

requiredTransitions.Remove(prevNodeId); 

var resources = Map.Nodes[nextNodeId].RequiredResources!.Value; 

if (nextNodeId == transition.Key) 

{ 

requiredTransitions.Remove(nextNodeId); 

solution.FinishAndAddRouteIfNeeded(route); 

if (requiredTransitions.Count == 0) 

break; 

transition = requiredTransitions.First(); 

nextNodeId = transition.Key; 

resources = Map.Nodes[nextNodeId].RequiredResources!.Value; 

route = Route.CreateRouteFrom(Map.DepotId); 

} 

if (route.DeliveredResources + resources > Map.MaxTruckCapacity) 

{ 

solution.FinishAndAddRouteIfNeeded(route); 

route = Route.CreateRouteFrom(Map.DepotId); 

} 

route.Add(nextNodeId, resources); 

} 

return solution; 

} 

} 

} 


