Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 1

Exercise 2002/2003 Air Traffic Control

Part 1

I desided to leave the concurrency out of the diagramm to increase the clarity. The three message cycles are in parallel. The simple version is illustrated in the following state chart diagram:

In the folloing diagram all the required extentions are built in. The message queues and the global knowlegde are hidden.

To prevent the case that Radar In occurs short after or for the 5 seconds timer I decided to do this compution in serial. The dotted arrows are messages without changing the state. (sorry image file corrupted)

2 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

Part 2

Stage 1

Simple Broadcast the messages.

AtcControl.strl.Stage1 1 %Defines the module for the outermost control structure for the ATC 2 %Reactive Computer System. 3 % 4 5 module AtcControl: 6 type Vector; 7 type RadarData; 8 type Aircraft; 9 type Message; 10 11 input radar:RadarData;

12 input inAirspaceMessage:Message; 13 input inControlMessage:Message; 14 15 output display:RadarData; 16 output outControlMessage:Message; 17 output outAirspaceMessage:Message; 18 19 every radar do 20 emit display(?radar) 21 end every 22 || 23 every inAirspaceMessage do 24 emit outControlMessage(?inAirspaceMessage) 25 end every 26 || 27 every inControlMessage do 28 emit outAirspaceMessage(?inControlMessage) 29 end every 30 31 end module

Stage 2

I added a new module SyncRadar to the code and a variable to copy the radardata and to know which airplanes are new respective obsolete. The communication is done by a local signal calles S_airplanes.

AtcControl.strl.Stage2 1 % Defines the module for the outermost control structure for the ATC 2 % Reactive Computer System. 3 4 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6 % module for Syncronization of radardata and intern airplanes 7 % Assumption: S_airplanes is emited before 8 module SyncRadar: 9 type Vector; 10 type Aircraft; 11 type RadarData; 12 type Message; 13 14 %% A declaration of each procedure implemented in AtcControlInterface.java 15 procedure makeVector (Vector) (integer, integer, integer); 16 procedure updateAircraftPositionInRadarData (RadarData) (Aircraft); 17 procedure addAircraftToRadarData (RadarData) (Aircraft); 18 procedure removeAircraftFromRadarData (RadarData) (Aircraft); 19 procedure removeRadarDataIteratorItem () ();

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 3

20 procedure addMessageTargetItem()(Aircraft); 21 procedure removeMessageTargetItem()(Aircraft); 22 procedure setAircraftVelocity (Aircraft) (Vector); 23 procedure setAircraftColour (Aircraft) (Vector); 24 25 %% A declaration of each function implemented in AtcControlInterface.java 26 function initialiseRadarDataIterator (RadarData) : integer; 27 function nextRadarDataIteratorItem () : Aircraft; 28 function radarDataContainsAircraft(RadarData, Aircraft) : boolean; 29 function getAircraftFromRadarData (RadarData, string) : Aircraft; 30 function isAircraftNull (Aircraft) : boolean; 31 function getAircraftID (Aircraft) : string; 32 function getAircraftPosition (Aircraft) : Vector; 33 function getAircraftVelocity (Aircraft) : Vector; 34 function getAircraftColour (Aircraft) : Vector; 35 function hasNextRadarDataIteratorItem () : boolean; 36 37 input radar : RadarData;

38 inputoutput S_airplanes : RadarData; 39 40 % Update newcomers or leaved planes 41 var 42 airplanes : RadarData, 43 msg : Message, 44 src : string, 45 number : integer, 46 aircraft : Aircraft 47 in 48 airplanes := ?S_airplanes; 49 50 % Go through all planes in our my airplanes and look if there are in radardata as well 51 number := initialiseRadarDataIterator (airplanes); 52 repeat number times 53 if hasNextRadarDataIteratorItem() then 54 aircraft := nextRadarDataIteratorItem (); 55 % is this not in radardata?

56 if not radarDataContainsAircraft(?radar, aircraft) then 57 % through airplane out of local radar and Message Control 58 call removeRadarDataIteratorItem()(); 59 call removeMessageTargetItem ()(aircraft); 60 end if 61 end if; 62 pause; 63 end repeat; 64 65 % Go through all planes in radardata and look if there are in my airplanes var 66 number := initialiseRadarDataIterator (?radar); 67 repeat number times 68 if hasNextRadarDataIteratorItem() then 69 aircraft := nextRadarDataIteratorItem (); 70 % is this in my airplanes?

71 if radarDataContainsAircraft(airplanes, aircraft) then 72 % update pos 73 call updateAircraftPositionInRadarData (airplanes) (aircraft); 74 else 75 % add aircraft to local radardata and to Messageinterface 76 call addMessageTargetItem ()(aircraft); 77 call addAircraftToRadarData (airplanes) (aircraft); 78 end if 79 end if; 80 pause; 81 end repeat; 82 83 pause;

84 emit S_airplanes(airplanes); 85 end var; 86 end module

4 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

87 88 89 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 90 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 91 module AtcControl : 92 93 type Vector; 94 type Aircraft; 95 type RadarData; 96 type Message; 97 98 input radar:RadarData;

99 input inAirspaceMessage:Message; 100 input inControlMessage:Message; 101 output display:RadarData; 102 output outControlMessage:Message; 103 output outAirspaceMessage:Message; 104 105 var airplanes : RadarData 106 in 107 signal S_airplanes : RadarData 108 in 109 emit S_airplanes(airplanes); 110 every radar do 111 % Synchronize radar and airplanes 112 run SyncRadar; 113 % get results 114 airplanes := ?S_airplanes; 115 emit display(airplanes); 116 end every 117 end signal 118 end var 119 || 120 every inAirspaceMessage do 121 emit outControlMessage(?inAirspaceMessage) 122 end every 123 || 124 every inControlMessage do 125 emit outAirspaceMessage(?inControlMessage) 126 end every 127 128 end module 129

Stage 3

To get the velocities I wrote a module called MessageHandler that process the Handoff messages and the Report messages which are in queue A. To deal with the fact that I get a Handoff message without having the airplane allready, I established a new variable of RadarData called commingplanes. However to add there a new Aircraft I needed a function to set an ID of an Aircraft. So I added the function newAirCraft to AtcControlInterface.java (see end of Stage 4). If now a new plane is comming, then I look in the commingplanes if I find it and take the velocity over.

To predict the positions I wrote a module PredictPositions that adds for each plane the fivefold of the velocity vector to the position vector.

AtcControl.strl.Stage3 1 % Defines the module for the outermost control structure for the ATC 2 % Reactive Computer System. 3 4 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6 % module for handling Messages in the queues

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 5

7 % Assumption: S_airplanes and S_comingplanes are emited before 8 module MessageHandler: 9 type Vector; 10 type Aircraft; 11 type RadarData; 12 type Message;

13 procedure enqueueOnA ()(Message); 14 procedure enqueueOnB ()(Message);

15 procedure setAircraftPosition (Aircraft) (Vector); 16 procedure setAircraftVelocity (Aircraft) (Vector); 17 procedure setAircraftColour (Aircraft) (Vector); 18 procedure addAircraftToRadarData (RadarData) (Aircraft); 19 function dequeueFromA () : Message; 20 function dequeueFromB () : Message; 21 function isListAEmpty () : boolean; 22 function isListBEmpty () : boolean; 23 function isHandoffMessage (Message) : boolean; 24 function isReportMessage (Message) : boolean; 25 function getMessageSrc (Message) : string; 26 function getMessageTgt (Message) : string; 27 function getMessageReference (Message) : string; 28 function getMessageTime (Message) : integer; 29 function getMessagePosition (Message) : Vector; 30 function getMessageVelocity (Message) : Vector;

31 function getAircraftFromRadarData (RadarData, string) : Aircraft; 32 function newAircraft (string) : Aircraft; 33 function isAircraftNull (Aircraft) : boolean; 34 35 inputoutput S_airplanes : RadarData; 36 inputoutput S_comingplanes : RadarData; 37 38 % handle messages 39 var 40 airplanes : RadarData, 41 comingplanes : RadarData, 42 msg : Message, 43 src : string, 44 aircraft : Aircraft 45 in 46 airplanes := ?S_airplanes; 47 comingplanes := ?S_comingplanes; 48 trap T in 49 loop 50 if(isListAEmpty()) then 51 exit T; 52 else 53 msg := dequeueFromA (); 54 if isReportMessage(msg) then 55 src := getMessageSrc(msg);

56 aircraft := getAircraftFromRadarData (airplanes,src); 57 if not isAircraftNull(aircraft) then 58 call setAircraftPosition (aircraft) (getMessagePosition(msg)); 59 call setAircraftVelocity (aircraft) (getMessageVelocity(msg)); 60 end if;

61 elsif isHandoffMessage(msg) then 62 % assume that is an incomming handoff (because of queue A) 63 aircraft := newAircraft (getMessageReference(msg)); 64 call setAircraftVelocity (aircraft) (getMessageVelocity(msg)); 65 call addAircraftToRadarData (comingplanes) (aircraft); 66 end if 67 end if;

68 % if(not isListBEmpty()) then 69 % 70 % end if; 71 pause; 72 end loop 73 end trap;

6 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

74 pause;

75 emit S_airplanes(airplanes); 76 emit S_comingplanes(comingplanes); 77 end var; 78 end module 79 80 81 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 82 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 83 % module for Syncronization of radardata and intern airplanes 84 % Assumption: S_airplanes and S_comingplanes are emited before 85 module SyncRadar: 86 type Vector; 87 type Aircraft; 88 type RadarData; 89 type Message; 90 91 %% A declaration of each procedure implemented in AtcControlInterface.java 92 procedure makeVector (Vector) (integer, integer, integer); 93 procedure updateAircraftPositionInRadarData (RadarData) (Aircraft); 94 procedure addAircraftToRadarData (RadarData) (Aircraft); 95 procedure removeAircraftFromRadarData (RadarData) (Aircraft); 96 procedure removeRadarDataIteratorItem () (); 97 procedure addMessageTargetItem()(Aircraft); 98 procedure removeMessageTargetItem()(Aircraft); 99 procedure setAircraftVelocity (Aircraft) (Vector); 100 procedure setAircraftColour (Aircraft) (Vector); 101 102 %% A declaration of each function implemented in AtcControlInterface.java 103 function initialiseRadarDataIterator (RadarData) : integer; 104 function nextRadarDataIteratorItem () : Aircraft; 105 function radarDataContainsAircraft(RadarData, Aircraft) : boolean; 106 function getAircraftFromRadarData (RadarData, string) : Aircraft; 107 function isAircraftNull (Aircraft) : boolean; 108 function getAircraftID (Aircraft) : string; 109 function getAircraftPosition (Aircraft) : Vector; 110 function getAircraftVelocity (Aircraft) : Vector; 111 function getAircraftColour (Aircraft) : Vector; 112 function hasNextRadarDataIteratorItem () : boolean; 113 114 input radar : RadarData;

115 inputoutput S_airplanes : RadarData; 116 inputoutput S_comingplanes : RadarData; 117 118 % Update newcomers or leaved planes 119 var 120 airplanes : RadarData, 121 comingplanes : RadarData, 122 msg : Message, 123 src : string, 124 number : integer, 125 comingairc : Aircraft, 126 aircraft : Aircraft, 127 col : Vector 128 in 129 airplanes := ?S_airplanes; 130 comingplanes := ?S_comingplanes; 131 132 133 % Go through all planes in our my airplanes and look if there are in radardata as well 134 number := initialiseRadarDataIterator (airplanes); 135 repeat number times 136 if hasNextRadarDataIteratorItem() then 137 aircraft := nextRadarDataIteratorItem (); 138 % is this not in radardata?

139 if not radarDataContainsAircraft(?radar, aircraft) then 140 % through airplane out of local radar and Message Control

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 7

141 call removeRadarDataIteratorItem()(); 142 call removeMessageTargetItem ()(aircraft); 143 else % reset colour 144 call makeVector(col)(0,200,0); 145 call setAircraftColour(aircraft)(col); 146 end if 147 end if; 148 pause; 149 end repeat; 150 151 % Go through all planes in radardata and look if there are in my airplanes var 152 number := initialiseRadarDataIterator (?radar); 153 repeat number times 154 if hasNextRadarDataIteratorItem() then 155 aircraft := nextRadarDataIteratorItem (); 156 % is this in my airplanes?

157 if radarDataContainsAircraft(airplanes, aircraft) then 158 % update pos 159 call updateAircraftPositionInRadarData (airplanes) (aircraft); 160 else 161 % add aircraft to local radardata and to Messageinterface 162 call addMessageTargetItem ()(aircraft); 163 % look for handoffmessage 164 comingairc := getAircraftFromRadarData (comingplanes,getAircraftID(aircraft)); 165 if not isAircraftNull(comingairc) then % found 166 call setAircraftVelocity (aircraft) (getAircraftVelocity(comingairc)); 167 call removeAircraftFromRadarData (comingplanes) (comingairc); 168 end if;

169 call addAircraftToRadarData (airplanes) (aircraft); 170 end if 171 end if; 172 pause; 173 end repeat; 174 175 pause;

176 emit S_airplanes(airplanes); 177 emit S_comingplanes(comingplanes); 178 end var; 179 end module 180 181 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 182 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 183 % module for predicting the positions of the airplanes after 5 sec 184 % Assumption: S_airplanes and S_comingplanes are emited before 185 module PredictPositions: 186 type Vector; 187 type Aircraft; 188 type RadarData; 189 type Message; 190 191 %% A declaration of each procedure implemented in AtcControlInterface.java 192 procedure setAircraftVelocity (Aircraft) (Vector); 193 procedure setAircraftPosition (Aircraft) (Vector); 194 procedure setAircraftColour (Aircraft) (Vector); 195 196 %% A declaration of each function implemented in AtcControlInterface.java 197 function initialiseRadarDataIterator (RadarData) : integer; 198 function nextRadarDataIteratorItem () : Aircraft; 199 function getAircraftPosition (Aircraft) : Vector; 200 function getAircraftVelocity (Aircraft) : Vector; 201 function getAircraftColour (Aircraft) : Vector; 202 function hasNextRadarDataIteratorItem () : boolean; 203 function vectorAddition (Vector, Vector) : Vector; 204 function vectorMultiplication (Vector, integer) : Vector; 205 function vectorDivision (Vector, integer) : Vector; 206 207 input radar : RadarData;

8 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

208 inputoutput S_airplanes : RadarData; 209 210 % Update newcomers or leaved planes 211 var 212 airplanes : RadarData, 213 pos : Vector, 214 number : integer, 215 aircraft : Aircraft, 216 col : Vector 217 in 218 airplanes := ?S_airplanes; 219 220 % Go through all planes in our my airplanes and predict position 221 number := initialiseRadarDataIterator (airplanes); 222 repeat number times 223 if hasNextRadarDataIteratorItem() then 224 aircraft := nextRadarDataIteratorItem (); 225 pos := getAircraftPosition (aircraft); 226 % velocity is calculated by vector times seconds 227 pos := vectorAddition(pos,vectorMultiplication(getAircraftVelocity(aircraft),5)); 228 call setAircraftPosition (aircraft) (pos);

229 col := vectorDivision(vectorMultiplication(getAircraftColour (aircraft),8),10); 230 call setAircraftColour (aircraft) (col); 231 end if; 232 pause; 233 end repeat; 234 pause;

235 emit S_airplanes(airplanes); 236 end var; 237 end module 238 239 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 240 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 241 module AtcControl : 242 243 type Vector; 244 type Aircraft; 245 type RadarData; 246 type Message; 247 248 249 input radar:RadarData;

250 input inAirspaceMessage:Message; 251 input inControlMessage:Message; 252 output display:RadarData; 253 output outControlMessage:Message; 254 output outAirspaceMessage:Message; 255 256 %% A declaration of each procedure implemented in AtcControlInterface.java 257 procedure enqueueOnA ()(Message); 258 procedure enqueueOnB ()(Message); 259 260 var airplanes : RadarData, 261 comingplanes : RadarData, 262 msg : Message 263 in 264 signal S_airplanes : RadarData, 265 S_comingplanes : RadarData 266 in 267 every radar do 268 % Handle Messages 269 run MessageHandler; 270 271 % Synchronize radar and airplanes 272 run SyncRadar; 273 274 % get results

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 9

275 airplanes := ?S_airplanes; 276 comingplanes := ?S_comingplanes; 277 emit display(airplanes); 278 279 % update airplanes every 5 seconds 280 every 500 tick do 281 run PredictPositions; 282 airplanes := ?S_airplanes; 283 emit display(airplanes); 284 end every 285 286 end every 287 end signal; 288 end var 289 || 290 every inAirspaceMessage do 291 call enqueueOnA () (?inAirspaceMessage); 292 emit outControlMessage(?inAirspaceMessage) 293 end every 294 || 295 every inControlMessage do 296 emit outAirspaceMessage(?inControlMessage) 297 end every 298 299 end module 300 301

Stage 4

At first I fixed this timing problem, that the display is not updated in equidistant time periods. Therefore I introduce a new local signal S_timing. This signal counts the pause commands in the code. Before displaying I wait now only 500 − ?S\_timing ticks. To avoid that the data in lastdisplay becomes change through further calculations I have to wait a certain amount of time before continuing processing. (I choose 200 (2 seconds))

1 I added the necessary functionality to a new Module CheckSpace, where each plane were compared with all other planes using the function isTooClosed. If a plane has no interactions than it is drawn green else red.

2 I added the outgoing Handoff messages to queue B. Now there are 2 new points of processing necessary. If plane leaves than the appropriate Handoff message should be deleted from the queue B if exists. If an airplane is about to enter an neighbouring airspace than check if there is a Handoff message. My definition of "about to enter" is if the plane will leave the controlled airspace in the next 30 seconds. For this 2 new tasks I wrote 2 new modules RemoveHandoffMessagFromB and checkLeaveHandoff. The latter module is called from CheckSpace if the plane is about to enter an neigbouring airspace. if there is no handoff message the signal S_orange is true.

AtcControl.strl.Stage4 1 % Defines the module for the outermost control structure for the ATC 2 % Reactive Computer System. 3 4 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6 % module for handling inAirspace Messages in the queue A 7 module MessageHandler: 8 type Vector; 9 type Aircraft; 10 type RadarData; 11 type Message;

10 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

12 procedure enqueueOnA ()(Message);

13 procedure setAircraftPosition (Aircraft) (Vector); 14 procedure setAircraftVelocity (Aircraft) (Vector); 15 procedure setAircraftColour (Aircraft) (Vector); 16 procedure addAircraftToRadarData (RadarData) (Aircraft); 17 function dequeueFromA () : Message; 18 function isListAEmpty () : boolean; 19 function isHandoffMessage (Message) : boolean; 20 function isReportMessage (Message) : boolean; 21 function getMessageSrc (Message) : string; 22 function getMessageTgt (Message) : string; 23 function getMessageReference (Message) : string; 24 function getMessageTime (Message) : integer; 25 function getMessagePosition (Message) : Vector; 26 function getMessageVelocity (Message) : Vector;

27 function getAircraftFromRadarData (RadarData, string) : Aircraft; 28 function newAircraft (string) : Aircraft; 29 function isAircraftNull (Aircraft) : boolean; 30 31 inputoutput S_airplanes : RadarData; 32 inputoutput S_comingplanes : RadarData; 33 34 % handle messages 35 var 36 airplanes : RadarData, 37 comingplanes : RadarData, 38 msg : Message, 39 src : string, 40 aircraft : Aircraft 41 in 42 present 43 case S_airplanes do 44 airplanes := ?S_airplanes; 45 case S_comingplanes do 46 comingplanes := ?S_comingplanes; 47 end present; 48 trap T in 49 loop 50 if(isListAEmpty()) then 51 exit T; 52 else 53 msg := dequeueFromA (); 54 if isReportMessage(msg) then 55 src := getMessageSrc(msg);

56 aircraft := getAircraftFromRadarData (airplanes,src); 57 if not isAircraftNull(aircraft) then 58 call setAircraftPosition (aircraft) (getMessagePosition(msg)); 59 call setAircraftVelocity (aircraft) (getMessageVelocity(msg)); 60 end if;

61 elsif isHandoffMessage(msg) then 62 % assume that is an incomming handoff (because of queue A) 63 aircraft := newAircraft (getMessageReference(msg)); 64 call setAircraftVelocity (aircraft) (getMessageVelocity(msg)); 65 call addAircraftToRadarData (comingplanes) (aircraft); 66 end if 67 end if; 68 pause; 69 end loop 70 end trap; 71 pause;

72 emit S_airplanes(airplanes); 73 emit S_comingplanes(comingplanes); 74 end var; 75 end module 76 77 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 78 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 11

79 % module for checking whether an aircaft is about to 80 % leave without handoff message 81 % about to leave means: plane will leave in 30 seconds 82 % Assumption: - S_aircraft, S_timing emitted 83 % - handoff message is the right one 84 module checkLeaveHandoff: 85 type Message; 86 type Aircraft; 87 type Vector; 88 89 procedure makeVector (Vector) (integer, integer, integer); 90 procedure enqueueOnB ()(Message); 91 function getAircraftID (Aircraft) : string; 92 function getAircraftPosition (Aircraft) : Vector; 93 function getAircraftVelocity (Aircraft) : Vector; 94 function dequeueFromB () : Message; 95 function getMessageReference (Message) : string; 96 function sizeOfListB() : integer; 97 function eq_string(string, string) : boolean; 98 function vectorInside(Vector, Vector, Vector) : boolean; 99 function getAirspaceBounds() : Vector; 100 function vectorAddition (Vector, Vector) : Vector; 101 function vectorMultiplication (Vector, integer) : Vector; 102 103 input S_aircraft : Aircraft; 104 output S_orange : boolean; 105 inputoutput S_timing : integer; 106 107 var msg : Message, 108 id : string, 109 pos : Vector, 110 nullv : Vector, 111 number: integer, 112 timing: integer 113 in 114 timing := ?S_timing;

115 id := getAircraftID(?S_aircraft); 116 pos := getAircraftPosition(?S_aircraft); 117 % check if plane is about to leave (30 seconds) 118 % velocity is calculated by vector times seconds 119 pos := vectorAddition(pos,vectorMultiplication(getAircraftVelocity(?S_aircraft),30)); 120 call makeVector(nullv)(0,0,0); 121 % is in the Airspacebouunds?

122 if not vectorInside(pos, nullv, getAirspaceBounds()) then 123 number := sizeOfListB(); 124 trap T in 125 repeat number times 126 msg := dequeueFromB(); 127 call enqueueOnB()(msg);

128 if eq_string(getMessageReference(msg),id) then 129 % here should be checked if it is the right one, but to keep it simple 130 % we assume that is is the right 131 emit S_orange(false); 132 exit T; 133 end if; 134 pause;

135 timing := timing + 1; 136 end repeat;

137 emit S_orange(true); 138 end trap 139 else 140 emit S_orange(false); 141 end if; 142 pause;

143 emit S_timing(timing + 1); 144 end var 145 end module

12 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

146 147 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 148 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 149 % module for removing Handoff message of S_aircraft from queue B 150 % Assumption: S_airplane is emitted 151 % there is only on handoff message per aircraft (remove only first) 152 module removeHandoffMessageFromB: 153 type Aircraft; 154 type Message; 155 156 procedure enqueueOnB ()(Message); 157 function getAircraftID (Aircraft) : string; 158 function dequeueFromB () : Message; 159 function isListAEmpty () : boolean; 160 function isListBEmpty () : boolean; 161 function getMessageReference (Message) : string; 162 function sizeOfListB() : integer; 163 function eq_string(string, string) : boolean; 164 165 input S_aircraft : Aircraft; 166 167 var msg : Message, 168 id : string, 169 number : integer 170 in 171 id := getAircraftID(?S_aircraft); 172 number := sizeOfListB(); 173 trap T in 174 repeat number times 175 msg := dequeueFromB();

176 if eq_string(getMessageReference(msg),id) then 177 exit T; 178 else 179 call enqueueOnB()(msg); 180 end if; 181 pause; 182 end repeat 183 end trap; 184 pause; 185 end var 186 end module 187 188 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 189 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 190 % module for Syncronization of radardata and intern airplanes 191 % (also remove Handoff message from queue B if planes leaves) 192 % Assumption: S_airplanes and S_comingplanes are emited before 193 module SyncRadar: 194 type Vector; 195 type Aircraft; 196 type RadarData; 197 type Message; 198 199 %% A declaration of each procedure implemented in AtcControlInterface.java 200 procedure makeVector (Vector) (integer, integer, integer); 201 procedure updateAircraftPositionInRadarData (RadarData) (Aircraft); 202 procedure addAircraftToRadarData (RadarData) (Aircraft); 203 procedure removeAircraftFromRadarData (RadarData) (Aircraft); 204 procedure removeRadarDataIteratorItem () (); 205 procedure addMessageTargetItem()(Aircraft); 206 procedure removeMessageTargetItem()(Aircraft); 207 procedure setAircraftVelocity (Aircraft) (Vector); 208 procedure setAircraftColour (Aircraft) (Vector); 209 210 %% A declaration of each function implemented in AtcControlInterface.java 211 function initialiseRadarDataIterator (RadarData) : integer; 212 function nextRadarDataIteratorItem () : Aircraft;

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 13

213 function radarDataContainsAircraft(RadarData, Aircraft) : boolean; 214 function getAircraftFromRadarData (RadarData, string) : Aircraft; 215 function isAircraftNull (Aircraft) : boolean; 216 function getAircraftID (Aircraft) : string; 217 function getAircraftPosition (Aircraft) : Vector; 218 function getAircraftVelocity (Aircraft) : Vector; 219 function getAircraftColour (Aircraft) : Vector; 220 function hasNextRadarDataIteratorItem () : boolean; 221 222 input radar : RadarData;

223 inputoutput S_airplanes : RadarData; 224 inputoutput S_comingplanes : RadarData; 225 226 % Update newcomers or leaved planes 227 var 228 airplanes : RadarData, 229 comingplanes : RadarData, 230 msg : Message, 231 src : string, 232 number : integer, 233 comingairc : Aircraft, 234 aircraft : Aircraft 235 in 236 airplanes := ?S_airplanes; 237 comingplanes := ?S_comingplanes; 238 pause; 239 240 % Go through all planes in our my airplanes and look if there are in radardata as well 241 number := initialiseRadarDataIterator (airplanes); 242 repeat number times 243 if hasNextRadarDataIteratorItem() then 244 aircraft := nextRadarDataIteratorItem (); 245 % is this not in radardata?

246 if not radarDataContainsAircraft(?radar, aircraft) then 247 % through airplane out of local radar and Message Control 248 call removeRadarDataIteratorItem()(); 249 call removeMessageTargetItem ()(aircraft); 250 % remove Handoff message from queue B 251 signal S_aircraft: Aircraft in 252 emit S_aircraft(aircraft); 253 run removeHandoffMessageFromB; 254 end signal 255 end if 256 end if; 257 pause; 258 end repeat; 259 260 % Go through all planes in radardata and look if there are in my airplanes var 261 number := initialiseRadarDataIterator (?radar); 262 repeat number times 263 if hasNextRadarDataIteratorItem() then 264 aircraft := nextRadarDataIteratorItem (); 265 % is this in my airplanes?

266 if radarDataContainsAircraft(airplanes, aircraft) then 267 % update pos 268 call updateAircraftPositionInRadarData (airplanes) (aircraft); 269 else 270 % add aircraft to local radardata and to Messageinterface 271 call addMessageTargetItem ()(aircraft); 272 % look for handoffmessage 273 comingairc := getAircraftFromRadarData (comingplanes,getAircraftID(aircraft)); 274 if not isAircraftNull(comingairc) then % found 275 call setAircraftVelocity (aircraft) (getAircraftVelocity(comingairc)); 276 call removeAircraftFromRadarData (comingplanes) (comingairc); 277 end if;

278 call addAircraftToRadarData (airplanes) (aircraft); 279 end if

14 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

280 end if; 281 pause; 282 end repeat; 283 284 pause;

285 emit S_airplanes(airplanes); 286 emit S_comingplanes(comingplanes); 287 end var; 288 end module 289 290 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 291 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 292 % module for predicting the positions of the airplanes after 5 sec 293 % Assumption: S_airplanes, S_timing is emited before 294 module PredictPositions: 295 type Vector; 296 type Aircraft; 297 type RadarData; 298 type Message; 299 300 %% A declaration of each procedure implemented in AtcControlInterface.java 301 procedure setAircraftVelocity (Aircraft) (Vector); 302 procedure setAircraftPosition (Aircraft) (Vector); 303 procedure setAircraftColour (Aircraft) (Vector); 304 305 %% A declaration of each function implemented in AtcControlInterface.java 306 function initialiseRadarDataIterator (RadarData) : integer; 307 function nextRadarDataIteratorItem () : Aircraft; 308 function getAircraftPosition (Aircraft) : Vector; 309 function getAircraftVelocity (Aircraft) : Vector; 310 function getAircraftColour (Aircraft) : Vector; 311 function hasNextRadarDataIteratorItem () : boolean; 312 function vectorAddition (Vector, Vector) : Vector; 313 function vectorMultiplication (Vector, integer) : Vector; 314 function vectorDivision (Vector, integer) : Vector; 315 316 input radar : RadarData;

317 inputoutput S_airplanes : RadarData; 318 inputoutput S_timing : integer; 319 320 % Update newcomers or leaved planes 321 var 322 airplanes : RadarData, 323 pos : Vector, 324 number : integer, 325 aircraft : Aircraft, 326 timing : integer 327 in 328 timing := ?S_timing; 329 airplanes := ?S_airplanes; 330 331 % Go through all planes in our my airplanes and predict position 332 number := initialiseRadarDataIterator (airplanes); 333 repeat number times 334 if hasNextRadarDataIteratorItem() then 335 aircraft := nextRadarDataIteratorItem (); 336 pos := getAircraftPosition (aircraft); 337 % velocity is calculated by vector times seconds 338 pos := vectorAddition(pos,vectorMultiplication(getAircraftVelocity(aircraft),5)); 339 call setAircraftPosition (aircraft) (pos); 340 end if; 341 pause;

342 timing := timing + 1; 343 end repeat; 344 pause;

345 emit S_airplanes(airplanes); 346 emit S_timing(timing + 1);

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 15

347 end var; 348 end module 349 350 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 351 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 352 % module for checking the space constrains of each the airplane 353 % Assumption: S_airplanes, S_timing is emited before 354 module CheckSpace: 355 type Vector; 356 type Aircraft; 357 type RadarData; 358 type Message; 359 360 %% A declaration of each procedure implemented in AtcControlInterface.java 361 procedure makeVector (Vector) (integer, integer, integer); 362 procedure setAircraftColour (Aircraft) (Vector); 363 364 %% A declaration of each function implemented in AtcControlInterface.java 365 function initialiseRadarDataIterator (RadarData) : integer; 366 function nextRadarDataIteratorItem () : Aircraft; 367 function getAircraftPosition (Aircraft) : Vector; 368 function getAircraftVelocity (Aircraft) : Vector; 369 function getAircraftColour (Aircraft) : Vector; 370 function hasNextRadarDataIteratorItem () : boolean; 371 function isTooClose (Vector, Vector) : boolean;

372 function willCrossing (Vector, Vector, Vector, Vector) : boolean; 373 374 input radar : RadarData;

375 inputoutput S_airplanes : RadarData; 376 input S_normalcolour : Vector; 377 inputoutput S_timing : integer; 378 379 var 380 airplanes : RadarData, 381 number : integer, 382 counter : integer, 383 aircraft : Aircraft, 384 pos : Vector, 385 refaircraft : Aircraft, 386 refnumber : integer, 387 refpos : Vector, 388 hasdetect : boolean, 389 orange : boolean, 390 orangecol : Vector, 391 redcol : Vector, 392 timing : integer 393 in 394 timing := ?S_timing; 395 airplanes := ?S_airplanes; 396 397 refnumber := 0;

398 call makeVector(redcol)(255,0,0); 399 call makeVector(orangecol)(255,150,0); 400 401 % Go through all planes in our my airplanes and check with others 402 trap T in 403 loop 404 number := initialiseRadarDataIterator (airplanes); 405 pause;

406 hasdetect := false;

407 if refnumber = number then % all planes testet 408 exit T; 409 end if;

410 % go to new reference plane 411 repeat refnumber times 412 aircraft := nextRadarDataIteratorItem (); 413 pause;

16 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

414 end repeat;

415 refaircraft := nextRadarDataIteratorItem (); 416 refpos := getAircraftPosition (refaircraft); 417 418 % look for handoff message if it is about to leave 419 signal S_aircraft : Aircraft, 420 S_orange : boolean 421 in 422 emit S_aircraft(refaircraft); 423 emit S_timing (timing); 424 run checkLeaveHandoff; 425 timing := ?S_timing; 426 orange := ?S_orange; 427 if orange then 428 call setAircraftColour (refaircraft) (orangecol); 429 end if 430 end signal; 431 432 refnumber := refnumber + 1; 433 434 % compare refaircraft with all others 435 number := initialiseRadarDataIterator (airplanes); 436 counter := 0; 437 repeat number times 438 counter := counter + 1;

439 if hasNextRadarDataIteratorItem() then 440 aircraft := nextRadarDataIteratorItem (); 441 if counter <> refnumber then 442 pos := getAircraftPosition (aircraft); 443 if isTooClose(refpos, pos) then 444 hasdetect := true;

445 call setAircraftColour (refaircraft) (redcol); 446 end if 447 end if 448 end if; 449 pause;

450 timing := timing + 1; 451 end repeat;

452 if not hasdetect and not orange then % if this plane doesn’t have any problems 453 call setAircraftColour (refaircraft) (?S_normalcolour); 454 end if 455 end loop 456 end trap;

457 emit S_airplanes(airplanes); 458 emit S_timing(timing); 459 end var; 460 end module 461 462 463 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 464 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 465 module AtcControl : 466 467 type Vector; 468 type Aircraft; 469 type RadarData; 470 type Message; 471 472 473 input radar:RadarData;

474 input inAirspaceMessage:Message; 475 input inControlMessage:Message; 476 output display:RadarData; 477 output outControlMessage:Message; 478 output outAirspaceMessage:Message; 479 480 %% A declaration of each procedure implemented in AtcControlInterface.java

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 17

481 procedure makeVector (Vector) (integer, integer, integer); 482 procedure enqueueOnA ()(Message); 483 procedure enqueueOnB ()(Message); 484 485 %% A declaration of each function implemented in AtcControlInterface.java 486 function isHandoffMessage (Message) : boolean; 487 function isReportMessage (Message) : boolean; 488 function vectorAddition (Vector, Vector) : Vector; 489 function vectorSubtraction (Vector, Vector) : Vector; 490 function vectorMultiplication (Vector, integer) : Vector; 491 function vectorDivision (Vector, integer) : Vector; 492 493 var airplanes : RadarData, 494 msg : Message, 495 col : Vector 496 in 497 signal S_airplanes : RadarData, 498 S_comingplanes : RadarData, 499 S_normalcolour : Vector, 500 S_timing : integer 501 502 in 503 every radar do 504 % set colour for normal planes 505 call makeVector(col)(0,200,0); 506 emit S_normalcolour(col); 507 % Handle InAirspaceMessages 508 run MessageHandler; 509 510 % Synchronize radar and airplanes 511 % (also remove Handoff message from queue B if planes leaves) 512 run SyncRadar; 513 514 % Check Space Constrains 515 run CheckSpace; 516 517 % get results 518 airplanes := ?S_airplanes;

519 emit display(airplanes); % radar data unchanged in terms of positions 520 521 % update airplanes every 5 seconds 522 loop 523 await 200 tick; % let the interface time to get the displaydata 524 emit S_timing(200); 525 526 % set the normal colour for a plane more dark (intensity 90%) 527 col := vectorDivision(vectorMultiplication(col,8),10); 528 emit S_normalcolour(col); 529 530 run PredictPositions;

531 % Check Space Constrains and Handoff 532 run CheckSpace; 533 534 airplanes := ?S_airplanes;

535 await (500 - ?S_timing - 1) tick; % -1 to get in the previous second 536 emit display(airplanes); % display with predicted position 537 end loop; 538 end every 539 end signal 540 end var 541 || 542 every inAirspaceMessage do 543 call enqueueOnA () (?inAirspaceMessage); 544 emit outControlMessage(?inAirspaceMessage) 545 end every 546 || 547 every inControlMessage do

18 Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

548 if isHandoffMessage(?inControlMessage) then 549 call enqueueOnB ()(?inControlMessage); 550 end if;

551 emit outAirspaceMessage(?inControlMessage) 552 end every 553 554 end module 555 Written Java Code:

part of AtcControlInterface.java 1 ... 2 /** 3 * Test if vector v is in cube described by a and b. 4 * */ 5 public static boolean vectorInside(Vector v, Vector a, Vector b){ 6 return v.inside(a,b); 7 } 8 9 /** 10 * A method to check whether two vectors violate the space 11 * constraints as defined by the 12 * constants.Constants.SPACE_CONSTRAINT vector. Please read the 13 * documentation accompanying the definition of this constant to 14 * find out what area is covered by the exclusion zone. 15 * 16 * @param pva position vector a, describes the location of an aircraft. 17 * 18 * @param pvb position vector b, describes the location of a 19 * different aircraft. 20 * 21 * @return true if the position vector b is located inside position 22 * vector a’s exclusion zone, as defined by the 23 * constants.Constants.SPACE_CONSTRAINT vector. 24 */ 25 public static boolean isTooClose(Vector pva, Vector pvb){ 26 return pvb.inside(Vector.sub (pva, new Vector(constants.Constants.SPACE_CONSTRAINT)), 27 Vector.add (pva, new Vector(constants.Constants.SPACE_CONSTRAINT))); 28 } 29 30 /** 31 * @return Bounds of airspaceSpace 32 * */ 33 public static Vector getAirspaceBounds(){ 34 return new Vector(constants.Constants.BOUNDS); 35 } 36 37 ... 38 39 /** 40 * generate a new aircraft with the given ID. 41 * 42 * @param id the new ID for this aircraft 43 */ 44 public static Aircraft newAircraft(String id){ 45 return new Aircraft(id); 46 } 47 48 ... 49 50 /** 51 * string equal dont work with my esterel and java! 52 * Below is the equality implementation. 53 */ 54 public static boolean eq_string(String a, String b){ 55 return a.equals(b); 56 }

Embedded Software, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 19

57 58 ... 59

Part 3

Stages

1. • incomming handoff messages are shown in the Message Control.

• outcomming messages like "Alter course" are achieving an Airspace.

2. • I watched all the time the entries of the drop down list "Target". Each new plane was inserted an all leaving planes were removed.

3. • First I tested only the report messages by disabling the processing of the handoff messages. If I sended a request for report to one and all airplanes. The velocities were attached successfuly.

• After that I tested the handoff messages. It worked and each plane had its velocity after this step.

• Now the refresh after 5 seconds are to be tested. I desided to attach a more dark green to the predicted planes. It works but it was not really 5 seconds! The first step took about 6 or 7 and the further about 5 or 6.

4. • Tested the new timing idea with the pause counter. Now each step is exactly 5 seconds.

• I set the space constraints to a larger value (1000, 1000, 999) to have more cases of such an violation.

• The planes became red but not green again. I modified the code and now each plane is compared with all other and then I can decide if plane have to be red or not.

• To test the leaving I considered three cases:

i) I sended no Handoff message and the planes near the border became orange. ii) I sended a Handoff message long time before the plane is going to leave the controled airspace. The Airplane didn’t become orange at all.

iii) I sended a Handoff message after the plane was showed orange. The Airplane switched its colour to green (if no collision) again.