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The manner of topology construction method analysis of wireless sensory 

network using the real-time simulation tool called “SNOW”. Step-by-step instruction 
is given for simplest topology construction method, accompanied with commented 
program code is given. Executed experiments with newly added construction method 
and shown method of its improvement using communication radius changing.  

Keywords: wireless sensory networks, method of construction, real-time 
simulator. 
 
����� 
�	���'
���� 	�#��	(	 ���	�! �	�!�	
� ��"�#	�	
�& ���-����"	
���& 

����	#��& ��#�� (4)�) "��	���� ���!���	#� «)��(» [1, 2] 
���(�7 
�	��#����	(	 	���! �	
����� 
!"��
 ! ����& ���!���	#� " 
�	#�������� 
�	
� �#	(#��!
���� C# [3]. ���� ������ #	"(����7 �	#		
! ���	��!, +	 
�	�	�	�� #����"!
��� ��� ����!���	#�, �	������� �� ��#�
�#��� 
�9���
����� ���	��
 �	�!�	
� ��#�� �	
����	$ �����	���. 

��� #	"(���! ���	��� 	��#��	 �	���	
�� ���	� �	�!�	
� 
��"�#	�	
�& ���-����"	
���& ����	#��& ��#��, +	 �	��(�7 ! 	����� 
�#�
�������& �	
��	����� � 9	#�!
���' "
’�"�
 �" �!������� 
!"���� (���� 
 
�#	(#���	�! 	�� ���	� «TC123»). �	���	 "�(������ �	#��	 	���! 
�	�����!
��	(	 ���	�! �	�!�	
� �� ������"!7�	 ���	��!, �! 
�#	��'��#	
��	 #��	� ����#������
, 
 ��& 
�	���	 	�����"�-�' 
��#����#�
 �	�����!
��	(	 ���	�! �	�!�	
�. 

 
���!"�# ��$�� %&��"� ��'�"�($ ��� 

1. �(	�	%���� ����#��� �	
	(	 	��#	�' �	�	�	(�$ (��) 
 ���!���	#�; 
2. �	��
���� ���! " 	���	� �	
����� �	�����!
��	(	 ��; 
3. �(	�	%���� ����
 �	
��	�����; 
4. ���� �����
 �#	�		�! ��; 
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5. �(	�	%���� 9	#���! �	
��	������; 
6. ���	#������� ���	��
 �� 
�����
	���� ��; 
7. ���� 
�����
	���� ��; 
8. ���� ���	��
 ��: 

�) ��
	#���� �� ���-����"�-��; 
�) 	��	
�� ��$ �� ��#��'����� �����
; 

) ��#�&	�� ��� �������; 
() 	�#	�� 
&���	(	 �	
��	������; 
�) #�7��#�-�� TC123Methods; 

9. ���#�
����� �	���	 	�����-�$. 
 
��#��#�() %&��"$#) 

1. �(	�	%!7�	 ����#��! �	
	(	 �� 
 ���!���	#� “TC123“. � 9����: 
\SIM4\NetworkComponents\TopologyControls\AvailableTopologyControls.cs 
�	��7�	 ������� 
 ��#����!
���� ��� AvailableTopologyControls: 

public enum AvailableTopologyControls 
{ 
        Z2a, 
        KNEIGH, 
        KNEIGH_OPT, 
        TC123, 
} 
 

2. �	��7�	 ��� " 	���	� �	
����� �	�����!
��	(	 �� (*.cs 9���) ! 

���	
���! ���!. ��
	#���� %��& �	 9���!: \SIM4\NetworkComponents\ 
TopologyControls\TC123.cs. ����� �	
	��
	#��	(	 9���!: 

namespace SIM4.NetworkComponents.TopologyControls 
{ 
    public class TC123 
    { 
    } 
} 
 

3. � 9���� TC123.cs �	"� ���	� TC123 ��� 
 �#	��	#� ���� 
SIM4.Network Components.TopologyControls 	(	�	%!7�	 ���� �����
, +	 
�!�!�� 
�	#���	
!
����� � internal enum (
�!�#�%��� ��#����!
���� 
���). �
���'�� �� 
��#���� ���	� �	�!�	
�, ����	
�� �� ������ 
��	(	 
�#� ���� �����
: HelloReq, HelloResp �� Data. ����: 

namespace SIM4.NetworkComponents.TopologyControls 
{  
    internal enum TC123PacketTypes 
    { 
        HelloReq, 
        HelloResp, 
        Data, 
    } 
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    public class TC123 
    { 
    } 
} 
 

4. ��!
����	, +	 �!� 
�"����7�	 
�!�#�%�� ����� ����
 �	
��	�����. � 
�	�� "	#! ���!���	#� ���!7 
��	(	 ��%� �
� ���� �����
: “Service” �� 
“Data”, 
 �	� ��� � 	��� �" �� �	�� ���� 
�"�����	 �	
����! ������� 
#�"��& ����
 �	
��	�����. 
 

5. ����!7�	 �����, 
 �	�! �	�� ��#��!
��� �	�����!
���� ���	� ��. 
� ���	�! 
����! ��7�	 ��%� �
� �����: HelloExchange �� Data: 

internal enum TC123ProtocolState 
{ 
        HelloExchange, 
        Data, 
} 

��!
����	, +	 �!� 
�"����7�	 
�!�#�%�� ����� �����
 �#	�		�!. � 
�	�� "	#! ���!���	#� ���!7 
��	(	 ��%� �
� ����� �#	�		�!: “Service” 
�� “Data”, 
 �	� ��� � 	��� �" �� �	�� ���� �	
����! ������� #�"��& 
�����
 �#	�		�!. 
 

6. �(	�	%!7�	 9	#��� �	
��	������ � internal class TC123Message. 
)�	���! �	��7�	 ��9	#��-�' �#	 ����# 
�	#���	
!
��� �	���	
� 
�#	��	#� ����: 

using SIM4.NetworkComponents.Interfaces; 
using SIM4.ServiceNetworkComponents; 

���� ������!7�	 
�� 
�"������& ! ����!���	#� ����#9����
 IPacket, 
ISimulatorPacket � �
�	 #����"!7�	 ���	�� -�& ����#9����
. B���#9��� 
IPacket 
���(�7 #����"�-�$ 
�����
	��� 
���#�
�� (“Sender”), �� 

�����
	���� �	�!��	��� 
���#�
� �� 
�"�����	$ �	�!��	��� �#� 
�#��	�� (“TxPa” �� “RxPa” 
���	
���	). ��!
����	,  +	 “RxPa” ���!
�7 
�����	(	 "������� �� ��	#	�� �#������. �	��7�	 
�����
����, +	 �!�� 
����� ��9	#��-�' �#	 ��, �	(	 ���� ���! 7 ����: 

public TC123PacketTypes PacketType; 
B���#9��� ISimulatorPacket 
���(�7 #����"�-�$ ���	�!, +	 �	"
	���� 
���!���	#! ��� ��� "�	#! ��������� 
����	
���, �	 �	(	 " �
	& 
"#	"!����& �	�! ����
 �������� ����. �� -� 
���	
������� ����!���� 
���	�, +	 �	
�#��7 SnowEnginePacketType: 

SnowEnginePacketType ISimulatorPacket.GetPacketType() 
���� �	�����!
��	(	 �� ���!�� ����!��	(	 
�(���!: 

using SIM4.NetworkComponents.Interfaces; 
using SIM4.ServiceNetworkComponents; 

 
namespace SIM4.NetworkComponents.TopologyControls 
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{ 
    internal enum TC123PacketTypes 
    { 
        HelloReq, 
        HelloResp, 
        Data, 
    } 
    internal enum TC123ProtocolState 
    { 
        HelloExchange, 
        Data, 
    } 
              internal class TC123Message: IPacket, ISimulatorPacket 
    { 
        int IPacket.Sender { get; set; } 
        double IPacket.TxPa { get; set; } 
        double IPacket.RxPa { get; set; } 
        public TC123PacketTypes PacketType; 
        public int Recipient; 
        SnowEnginePacketType ISimulatorPacket.GetPacketType() 
        { 
            switch (PacketType) 
            { 
                case TC123PacketTypes.HelloReq: 
                    return SnowEnginePacketType.Service; 
                    break; 
                case TC123PacketTypes.HelloResp: 
                    return SnowEnginePacketType.Service; 
                    break; 
                case TC123PacketTypes.Data: 
                    return SnowEnginePacketType.Data; 
                    break; 
                default: 
                    break; 
            } 
            return SnowEnginePacketType.Service; 
        } 
    } 
    public class TC123 
    { 
    } 
} 
 

7. ��#��
	#'7�	 ��% public class TC123 ! �
� ���� – TC123Properties 
�� TC123Methods. ���� TC123 ����%� �� �	�#�����: 
public class TC123Properties : ITopologyControlProperties, 

ISimulatorTopologyControl 
{ 
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} 
public class TC123Methods : ITopologyControlMethods 
{ 
} 
)�#�
� 
 �	�!, +	 	�-��-�� ���!���	#� ��#������7 �	��� �� �� �
� 
�!��	��� – ���	�� �� 
�����
	���. � ���! �	(	, +	: 

�) 
�����
	��� (TC123Properties) "��#�(�'�� ��9	#��-�' ��� 
	��	(	 " 	�’7��
-
!"��
 (����� �#	�		�!, �#	����� "�����) 

�) ���	�� (TC123Methods) – �������� � �#�-''�� " !���� 
	�’7���� 	���	
	 (	�#	���'�� ����� �#	�		�!, �#	����� 
"�����, "�����''�� ��#�&	�� �	 �����&); 


�����
	��� �� ���	�� �� �	�!�� �!�� 	������ 
 	��	�! ����. 
��� �	��(%���� 
"�7�	��$ �" ���!���	#	�, 	��� �" -�& ����
 

#����"!7 ��
��, 
�"������ ���!���	#	� ����#9����. F	"(�����	 �� 
	��%��	 	��� �" -�& ����
. 

 
8. TC123Properties ������!7���� 
�� ����!���& ����#9����
: 

�) ITopologyControlProperties - ������� �#������& �� ��#�����& 
�����
 (
�"������ �
�	), �	�	���� �� ����!���� ���� �#	�		�! 
(
�"������ ���
�	), ����	 
!"��
-�!����
 �� ��	
�� ��#%#!��
 
(
�"������ �
�	); 

�) ISimulatorTopologyControl - ��#������7 ��� ���!���	#� 
�	���
���� 
�"������� ����! �#	�		�!. 

F����"�-�� ���! 
�����
	���� �� TC123Properties: 
public class TC123Properties : ITopologyControlProperties, 
ISimulatorTopologyControl 
    { 
        PacketCounter ITopologyControlProperties.IncomingPacketsTotal { get; set; } 
        PacketCounter ITopologyControlProperties.OutgoingPacketsTotal { get; set; } 
        IList<int> ITopologyControlProperties.Neighbors { get; set; } 
        Dictionary<int, double> ITopologyControlProperties.Routes { get; set; } 
        public object CurrentProtocolState { get; set; } 
        public object NextProtocolState { get; set; } 
        // custom properties: 
        public int numOfHelloRx; 
        public int numOfHelloTx; 
        SnowEngineProtocolState ISimulatorTopologyControl.GetProtocolState() 
        { 
            switch ((TC123ProtocolState)CurrentProtocolState) 
            { 
                case TC123ProtocolState.HelloExchange: 
                    return SnowEngineProtocolState.Service; 
                    break; 
                case TC123ProtocolState.Data: 
                    return SnowEngineProtocolState.Data; 
                    break; 
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                default: 
                    break; 
            } 
            return SnowEngineProtocolState.Service; 
        } 
       } 
�!� 

����	 ��� �	���	
�& �	�� ��� ���#�&!�! �#������& �� 
��#�����& �����
 ���! “Hello”. 
 

9. TC123Methods ������!7���� 
�� ����#9���! ITopologyControlMethods, 
+	 
 �
	' ��#(! 
�"����7 ����!��� ���	��, 	��� " ��& �#����7 � 
�#(!���� 	�'7� ���! "��#���
�� �#���#��" (INetworkDevice). ������ 
����!��� ���	�� � 
�	�!'�� !�� 9!�-�$ ��� 	��	(	 " 
!"��
 ��#���: 

1. ITopologyControlMethods.Initialize - ��
	#���� �� ���-����"�-�� 
����	
�& TC123Properties. �#	�		� �	����7 9!�-�	�!
��� "� 
����! TC123ProtocolState.HelloExchange ("����� �#�
��������"). 
�#�� ��%	(	, ���-����"!7�	 ������� �#������& �� ��#�����& 
�	
��	����� 
 0; 
 

        void ITopologyControlMethods.Initialize(INetworkDevice device) 
        { 
            var radioDevice = (IRadioDevice)device; 
            device.Properties = new TC123Properties(); 
            var properties = (TC123Properties)device.Properties; 
            device.Properties.Neighbors = new List<int>(); 
            device.Properties.Routes = new Dictionary<int, double>(); 
            device.Properties.OutgoingPacketsTotal = new PacketCounter(); 
            device.Properties.IncomingPacketsTotal = new PacketCounter(); 
            radioDevice.TxMessageBuffer = new TC123Message(); 
            device.Properties.CurrentProtocolState = new TC123ProtocolState(); 
            device.Properties.NextProtocolState = new TC123ProtocolState(); 
            device.Properties.CurrentProtocolState = TC123ProtocolState.HelloExchange; 
            device.Properties.NextProtocolState = TC123ProtocolState.HelloExchange; 
            radioDevice.CurrentCommunicationRange = 

radioDevice.MaxCommunicationRange; 
            properties.numOfHelloRx = 0; 
            properties.numOfHelloTx = 0; 
        } 

 
2. ITopologyControlMethods.Operate – "�����'7�	 ��#��'����� 

�����
 � 
�	�!7�	 
���	
���� ��$. � ���	�! 
����! "���%�7�	�� 

 ����� «�����! �#�
��������» �	� �� 
�%���	 �����!� �#� 
«�#�
������» � �� �#�����	 �����!� �#� «�#�
������». 
*�	�&���! ������� «�#�
�����» �	���	 �#�
’�"��� �	 
��#����#�, +	 "���7���� " (#�9���	(	 ����#9���! - 
ExperimentSettings.Connectivity.TargetNodeDegree. ���	(	 #�"! 
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��#��%	
%� 
 ���� «�����! ����&» "���%�7�	�� ! -�	�! �����. 
���	� 	�#�-�	
!7 "������� �	�� CurrentProtocolState � �� 	��	
� 
��	(	 
�"����7 NextProtocolState – ����!���� ���� �#	�		�!; 

 
        void ITopologyControlMethods.Operate(INetworkDevice device) 
        { 
            var radioDevice = (IRadioDevice)device; 
            var properties = (TC123Properties)device.Properties; 
            var txPacket = (TC123Message)radioDevice.TxMessageBuffer; 
            switch ((TC123ProtocolState)device.Properties.CurrentProtocolState) 
            { 
                case TC123ProtocolState.HelloExchange: 
                    if ((properties.numOfHelloRx > 

ExperimentSettings.Connectivity.TargetNodeDegree 
)&& 
                        (properties.numOfHelloTx > 

ExperimentSettings.Connectivity.TargetNodeDegree 
)) 
                    { 
                        device.Properties.NextProtocolState = TC123ProtocolState.Data; 
                    } 
                    else 
                    { 
                        txPacket.PacketType = TC123PacketTypes.HelloReq; 
                        radioDevice.TxMessageBuffer.Sender = device.NetworkId; 
                        // Send message 
radioDevice.SendMessageToEnvironment(radioDevice.TxMessageBuffer); 

   properties.numOfHelloTx += 1; 
                    } 
                    break; 
                case TC123ProtocolState.Data: 
                    txPacket.PacketType = TC123PacketTypes.Data; 
                    radioDevice.TxMessageBuffer.Sender = device.NetworkId; 
                    // Send message 
             radioDevice.SendMessageToEnvironment(radioDevice.TxMessageBuffer); 
                    break; 
                default: 
                    break; 
            } 
        } 
 

3. ITopologyControlMethods.SwitchState – "�����'7�	 ��#�&	�� 
��� ������� �#	�		�!. � -�� 9!�-�$ "���'���� �#�
��� 
��#�&	��
 �� 	���!'���� �	���	
� ��$, �� ��	�&���	 
"�����'
��� ��� ��� ��#�&	��
. ���	�� 
ITopologyControlMethods.Operate �� 
ITopologyControlMethods.SwitchState – �
� 	#��� ���	��, 
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	����� 	�#�-�	
!7�	 ����
 
!"��
, ��� 	��	(	 " ��������
 
�	(	 
�	�!7���� ���. ��� #	"������� �	"
	��7 ��!�'
��� 
	��	����! 	��	����! #	�	�! 
��& 
!"��
 ��" "���	�!
���� 
	#���& �	�	�
 ��� 	��	(	 � "��	��(�7 ���!�-���, 	�� 	��� " 

!"��
 "�����
 #	�	�! �� "����
 ����/
���!
 �#����� %
��%� 
��%� �	�!, +	 
�� 	�#���
 �	�	�%�� ����� ! ����
�. � ��%	�! 

����! 	� ���	�! �	
	�� �#	����: 

 
        void ITopologyControlMethods.SwitchState(INetworkDevice device) 
        { 
            var radioDevice = (IRadioDevice)device; 
            radioDevice.ReceiverStateCurrent = radioDevice.ReceiverStateNext; 
            device.Properties.CurrentProtocolState = 

device.Properties.NextProtocolState; 
        } 
 

4. ITopologyControlMethods.ProcessRxMessageFromEnvironment 
– "�����'7 	�#	�! 
&���	(	 �	
��	������ (�#����7 ��	� � 
�#(!���� ���� �	
��	������ – IPacket). ��#���
%� 
«�#�
������» �������7�	 
���	
���. ���	
�'7�	 ����
� �!����
 
�� ��#%#!��
. � ���	�! 
����! ����
 ��#%#!��
 ��������� 
��%� �
	��	#	��� "
’�"�. �	�� �������7�	 
���	
��� �� 
�	
��	������ – 
�"!7�	 	�! ���� �� �	(	 �������7�	. 

 
        void ITopologyControlMethods.ProcessRxMessageFromEnvironment 
(INetworkDevice device, IPacket nodeIncomingMessage) 
        { 
            var radioDevice = (IRadioDevice)device; 
            var properties = (TC123Properties)device.Properties; 
            var rxPacket = (TC123Message)nodeIncomingMessage; 
            var txPacket = (TC123Message)radioDevice.TxMessageBuffer; 
            switch (rxPacket.PacketType) 
            { 
                case TC123PacketTypes.HelloReq: 
            if(!device.Properties.Neighbors.Contains(nodeIncomingMessage.Sender)) 
                    { 
                        device.Properties.Neighbors.Add(nodeIncomingMessage.Sender); 
                    } 
            if (!device.Properties.Routes.ContainsKey(nodeIncomingMessage.Sender)) 
                    { 
                        device.Properties.Routes.Add(nodeIncomingMessage.Sender, 0); 
                    } 
                    txPacket.PacketType = TC123PacketTypes.HelloResp; 
                    radioDevice.TxMessageBuffer.Sender = device.NetworkId; 
                    txPacket.Recipient = nodeIncomingMessage.Sender; 
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                    // Send message 
             radioDevice.SendMessageToEnvironment(radioDevice.TxMessageBuffer); 
                    break; 
                case TC123PacketTypes.HelloResp: 
                    if (rxPacket.Recipient == device.NetworkId) 
                    { 
            if (!device.Properties.Routes.ContainsKey(nodeIncomingMessage.Sender)) 
                        { 
                            device.Properties.Routes.Add(nodeIncomingMessage.Sender, 0); 
                        } 
                        properties.numOfHelloRx += 1; 
                    } 
                    break; 
                case TC123PacketTypes.Data: 
                    break; 
            } 
        } 
 
10. F�7��#!7�	 TC123Methods. � 9���� “\SIM4\SimulationSettings 

Window.xaml.cs” #	���	 
��� 	���#!�	#� �#� 
��	#� �	
	(	 
	��#	�' �	�	�	(�$: 

         public int CurrentTopologyControl 
        { 
            get 
            { 
                return (int)ExperimentSettings.CurrentTopologyControlIndex; 
            } 
            set 
            { 
ExperimentSettings.CurrentTopologyControlIndex = (AvailableTopologyControls) value; 
                switch (value) 
                { 
                    case 0: 
ExperimentSettings.CurrentTopologyControl = new Z2aMethods(); 
                        break; 
                    case 1: 
ExperimentSettings.CurrentTopologyControl = new KneighMethods(); 
                        break; 
                    case 2: 
ExperimentSettings.CurrentTopologyControl = new KneighOptMethods(); 
                        break; 
                    case 3: 
ExperimentSettings.CurrentTopologyControl = new TC123Methods(); 
                     break; 
                } 
                OnPropertyChanged("CurrentTopologyControl"); 
            } 
        } 
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�&�&(*�#) +�,#-*�,)./,���* %�"&.* 
 
1. K���#!7�	 
!"�� ��#���; 

 
 

F��.1. *���%�!
���� ���!���	#� �#� ��
	#���� 
!"��
 
 

2. ����'7�	 ����%�!
����. ���#�7�	 	��#	�� �	�	�	(�$ TC123 
�

�
�

F��.2. ���� "���� ����%�!
����
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3. ���!��7�	 ���!��-�' 
 

 
 

F��.3. ���� "��!�! ���!��-�$; (#�9� �!��#�	(	 
�	#������� ���#(�$ 
�

4. ��#�(����7�	 	�!���-����� (#�9, +	 !�
	#�
��: 
 

 
 

F��.4. ��
	#���� 	�!���-����� (#�9 
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���
���	, +	 	�!���-����� (#�9 ������� �����%	
� #��#�. 
����'7�	 ����������� �	�!������ 	�!���-����� #���!�. ����7�	 �	(	 
#�
��� 14, +	 �#�����	 �	#�
�'7 #�����	�! #���!�!. � (#�9�! �� #��. 5 
�����	, +	 ���#(	��	��
���� �!��7
	 "��"��	�� ! �	#�
����� " #�"!�������� 
�	��#����	(	 ����#�����!. 

 

 
F��.5. �	#�
������ (#�9�� ���#(	��	��
���� ("��
�) �� 	�!���-����� (#�9 ����� 

�����#	�� �	�!����	(	 	�!���-���	(	 #���!�! (��#�
�). 
�) �!��#�� ���#(�� �	 	�����"�-�$ 
�) �!��#�� ���#(�� ����� 	�����"�-�$ 
 

 
F��.5. �	�!���-����� (#�9 " 
��	#�����	' 	�����' ("��
�) �� "
’�"��� 

	�!���-����� (#�9 (��#�
�) 
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5. ������ ! (#�9� �� #��. 5 ���!'�� 
��	#������ 	��	����� �	 
�#	�	
�!7�	 
�	�	������� – "����%!7�	 ��������� ��#����� 
«�#�
�������&» �	
��	�����. L #�"!�����, "���%����� ��%� 	��� 

��	#������ 	��	����� (
��	�#������ 	�!���-����& "	� 
�	#���� 
���!�	) �#� ���������	�! #���!�� #�
�	�! 17 (#��. 6, 
"��
�) �� �	
�! "
’�"����� 	�!���-���	(	 (#�9� �� #��.7 (��#�
�)  
�#� �	(	 "������� #�
�	�! 18. 
 

�$�,�(#$ 
�	���	 ��	��� �	��������� ���	�! �	�!�	
� ��"�#	�	
	$ ����	#�	$ 

��#��� %��&	� �	���'
���� ! ���!���	#� #�����	(	 ���! «)��(».  
*�
����	 �	#		
! ����#!-�' �� �#����� ����#	���%	(	 ���	�! 

�	�!�	
� #�"	� �" �#	(#����� 	�	� �� �	��������� �	 ��	(	. ��(��	� 	��� 
���	�� �	�!�	
� �#	&	���� ! 9 �����
 � 
���(�7 "����� �	
� �#	(#��!
���� 
C#, " 
�	#�������� �	$ ��������� ���!���	#. 

�#	
����	 ����#������ " �	����� ���	�	� �	�!�	
� �� �	�"��	 
��	��� �	#�+���� ���	�! �	�!�	
� %��&	� "���� ��#����#�
 
	�!���-���	(	 #���!�!. �	�"��	, +	 �#�
’�"� (#���-� �	�!����	(	 
	�!���-���	(	 #���!�! �	 	�������	(	 #�����	(	 �	"
	��7 "��"��� 
�!��#�� 
��#��� ���#(	��	��
���� �� �	�!�	
! ��#��� �	 30% � ���� 
���	� �	"
	��7 "����%��� ��� ����� ��#��� 
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