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input: nsp: number of service points; RTW/[nsp]: required time windows array;
PH[29]: planning horizon (starting and ending times);
nv: amount of available vehicles; np: amount of given characteristics of vehicles;
VP[nv,np]: vehicles characteristics array;
TCMD: travel and congestion management database ;
SRD: MatSim simulation results database;
Output: nr: amount of generated routes; RI[r]: set of generated routes;
NSSP: amount of successfully served service points;
OSSP: amount of overdue (delayed) serviced service points
1. while CurrentTime < PH[29] do:



2. spatial-temporal event occurs (a vehicle arrives to a service point at a certain time)
3.t current time
4. i< number of a vehicle arrived to some service point at time t

5. j« number of service point SP at which the vehicle Viarrived at time t

6. r«— number of route along which the vehicle Vitravels at time t

7. k«— number of SP, connected to SPjin route r

8. MCong][j,k] « congestion status of arc Ajx

9. TW](r,j] « required time window for the service point j in the route r

10. CTijr < type of congestion;

11. tcong;-)r «— starting time of congestion occurrence

12. tcongﬁear « expected time of congestion clearance

13. @ < congestion duration; c«— road non- congested capacity; p<— road capacity

during the congestion; q « arrival rate of vehicles to the congested arc
14. Autonomic component ACireceives a message from vehicle Vi

15. CDWir— cost to pay the driver that waits at the service point SPjand executes the route r
(see formula 1)

16. CTWir«— cost (penalty) of violation the time windows assigned to the SP«x when executing
the route r (see formula 1)

17. if CDWjr< CTWirthen

18. decision: wait at SP;

19. else

decision: reschedule and generate new route r*
(by using the modified ALNS algorithm)

21. end if

22. if r* is null then

23. decision: wait at SP;

24, end if

25. NSSP++ or OSSP++

23. store obtained results to TCMD
24. end while

25. display obtained results
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1. interface RouteSegmentsCongestionAware:
2. initialSP, routeSegment, congestionStatus, expectedCongestioninducedDelay

3. interface RouteSegmentAvailabilityAggregator:
4, position, timetable, routeSegmentsAvailability

5. component Vehicle features RouteSegmentAvailabilityAggregator:
6. knowledge:
7. position = GPS(...),



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

currentSP=(position, ...),
routeSegmentsAvailability=List<segmentsStatus>
timetable = List<TimeWindowsForSPs>,
route = {
List<SPs>,
onSchedule=TR
isFeasible=TRUE
h
expectedCongestioninducedDelay=(...),
vehicleParameters=List<Parameters>,
costDriverWaitPayment=(....),
costViolationTimeWindows=(....)

process computeNewRoute:

in routeSegmentsAvailability, in timetable,

inout route
function:

if (route.isFeasible A (costDriverWaitPayment
>costViolationTimeWindows))
route «—— ME.ALNS.computeRoute (position, timetable,
routeSegmentsAvailability)

scheduling: periodic(2000)

process checkRouteFeasibility:
in route, in position, in timetable, in routeSegmentsAvailabilities,
out route.isFeasible
function:
route.isFeasible < ME.checkRouteFeasibility (route, position, timetable,
routeSegmentsAvailabilities)
scheduling: triggered(changed(routeSegmentsAvailabilities) v
changed(onSchedule))

process computeCostDriverWaitPayment:
in routeSegment,
in CongestioninducedDelay,
in vehicleParameters,
out CostDriverWaitPayment
function:

CostDriverWaitPayment«— ME.computeCostDriverWaitPayment(routeSegment,

vehicleParemeters, CongestioninducedDelay)
scheduling: triggered(changed(changed(routeGenerated.isFeasible) v
changed(onSchedule) v
changed(routeSegmentsAvailabilities) )

process computeCostViolationTimeWindows:
in routeSegment,
in CongestionIinducedDelay,
in vehicleParameters,
out costViolationTimeWindows
function:
costViolationTimeWindows «—
ME.computeCostViolationTimeWindows(routeSegment,
CongestioninducedDelay, vehicleParameters)
scheduling: triggered(changed(changed(routeGenerated.isFeasible) v
changed(onSchedule) v
changed(routeSegmentsAvailabilities) )



60. component RouteSegmentsCongestion features RouteSegmentsCongestionAware:
61. knowledge:

62. initialSP=(...),

63. endSPs =L.ist<adjacentSPs>,

64. routeSegment =(initial SP, endSP € endSPs),

65. segmentAvailability=(...),

66. congestionStatus=[congestionStatus, type, startingTime,

67. expectedCongestionClearanceTime,

68. congestionClearanceProbability],

69. expectedCongestioninducedDelay=(....)

70. process observeSegmentAvailability:

71. out segmentAvailability

72. function:

73. segmentAvailability < MessageFromVehicle.getSegmentCurrentAvailability
74, scheduling: periodic(1000)

75. process computeCongestionIinducedDelay:

76. in routeSegment,

77. in congestionDuration, in segmentNonCongestedCapacity,
78. in segmentCongestedCapacity, in arrivalRate,

79. out CongestioninducedDelay

80. function:

81. CongestionInducedDelay «—

82. ME.computeCongestionIinducedDelay(routeSegment,
83. congestionDuration, segmentNonCongestedCapacity,
84. segmentCongestedCapacity)

85. scheduling: triggered(changed(congestionStatus) )

5bL5Fd0 SbMM 309w 9Ol B30 3L LogsWGdIMM 3MA3Mbg6EJOL FMOOL s STR356M5©
39bLsBOZMO3L Bom 3MI3MBOEFOSL WS YO0 YOHMJTJJISL. ©Y3MOHT0, 3MI3MDBO0S GO
00065, ®MIgeroi 29dmobs@gds 9bEmMIxndo ©obsdommo BsGm)rmdom. SBLedderoL
dmbsfoerg 3033mbgbEJOL IO, Ym3z9wm30L SLMEdL SBLAdEIOL 3MEOEObsEHMMOL
b, bogrem bbggdo 30 O™l 05959md9b. gb 4960LsBM3Mds 0bsdowGa (LsdmTom
Bo®BML 53m3965) 9bL5TdOL [fgzMmdol Z3oMmdoom.

ensemble UpdateRouteSegmentAvailabilityInformation
coordinator: RouteSegmentAvailabilityAggregator
member: RouteSegmentsCongestionAware
membership:
3 vehicle € coordinator. routeSegmentsAvailability:
isAvailable(member.routeSegmentsAvailability)==TRUE
knowledge exchange:
coordinator: routeSegmentsAvailability «<— member. routeSegmentsAvailability
coordinator: expectedCongestionInducedDelay < member.
0. expectedCongestioninducedDelay
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11. scheduling: periodic(2000)

An examples of a component definition has the form of a Java class:

1. @DEECoComponent

2. public class Vehicle extends ComponentKnowledge {
public Position position;

public ServicePoint currentSP

public List< TimeWindowsForSPs > timetable;
public Map<ID, segmentsStatus > routeSegmentsAvailability
public Route route;

public Delay expectedCongestioninducedDelay;
public List <vehicleParameters> vehicleParameters
public Cost costDriverWaitPayment,

public Cost costViolationTimeWindows

RB©O©oN O ~W
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12. public Vehicle() {
13. /[ initialize the initial knowledge structure reflected by the class fields
14.  }

15. @ DEECoProcess
16. public static void computeNewRoute(

17. @DEECoIn("routeSegmentsAvailability ") @DEECoTriggered Map<...>
18. routeSegmentsAvailability
19. @DEEColIn("timetable™) List< TimeWindowsForSPs > timetable,

20. @DEECoInOut("route™) Route route

21. ) {

22. Il re---compute the vehicle’s route if it’s infeasible

23. }

24. @DEECoProcess
25. @DEECoPeriodScheduling(2000))
26. public static void checkRouteFeasibility (

217. @DEECoIn("route") Route route,

28. @DEEColIn("timetablel™) List< TimeWindowsForSPs > timetable,

29. @DEEColn("position™) Position position,

30. @DEECoOut("route.isFeasible™) OutWrapper<Boolean> isRouteFeasible
31 A

32. [/l determine feasibility of the route

33. }

34

35. }

3003mbgbEHOL 25635MFHOL 5J3L Java 3¢rsliol Bm®ds (obowrgm Bgdmm 3mo). sbgmo
3abob 500603b9gds @DEECoComponent s6m@o3os s 3639w gds ComponentKnowledge
3@obol.  3m33mbgbEGHol  93wa30M39t0  3mbOL  LEHOVIBHWMS  FOIWIEIbMEOS
300D 9G5-LEAEHIG03MO MY ddo (babgdo 3-11). Mmb runtime, 53 Lsfyol b
LAHOMIEHMOS  06030SODIE30s  FgIZgMOOm  BEIBH0IMNOO  060E30ODIEHMEMIOOL
39939md0m 6 3MBLAHOMIGHMMO Jesbol (bobgdo 12-14). 3m33mbybEol 3MmEglgdo



3960l BO3M0s,  OMAMOE  JILOGR0IE00L  LoxsOMm  LEGIGHOIMMO  89MEYOO,
@DEECoProcess (359., bsbgdo 15-23).

36OHmaqglbol  Jdggzsbols s godmyzsbol  3mbs  Homdmagboos  dgommgdol
356539¢3M9000.

3565393900 5006036905 9OM-gMm 56mE 530909 @DEEC00Ut 56 @DEEC00utOut, oo
3960LsbBE3OML 3OHMEglol dgy3zs60Ls s 25dMmY3s60L 3MEbOL oMAdo (Fog., bobgdo 17-
20). 00mMgwo  bm@szos 939 9moEs3L  3Mm©boL  LEPIOHML  0WIBEHOBOZSGMOU,
HMI9o3 SBME0MOME0 d90MEOL 356539GHMO oMoy gbl.

OMEILSE  9OLYIMIZOMIM  BGHOMIGHMYOWwo  3mEbol  bBgOM  FoMTIMo9bL
3OMEIMOOL  9MOLYdMIL [ 3mEbsl,  SbmEo®mgdMEo  IgoMmEOL  356539GM0s
3996039600 30DgBgdOL go8m (HMIGE0E 393800V W0s X530L dMeg 603™Msb),
OmIgeroa dgol OutWrapper mdogd@ol dogboo (3sg., bsbo 30). 3OmEglol 3gMomowyero
5393935 2960L5BO3MGds 3BM39LoL dgmmool @DEECoPeriodicScheduling sbm@sgool
L5395 gd0m, M3 0mMZ5¢oLfobgdL dolo  3sMedgEMmom (bsBol 25) doofsdgddo
3odmbod o 39M0MEO.  godmofj3os 99335  39BoLsBzMgds @DEECoTriggered
9900mEOoL  35M5dgBHOMOL  bm@oE0s,  MMAwol  Fg33wo3  299mofzg3l  3G@EgLol
5LV gdSL (boBgdo 17-19).

513365 o LEFMTs3M bHFTomgdo

MDVRP- ols 3093500 30Ds605 oli@sbiool 8993060905 s ob@ebiEool 999306090
L5g3dz9DBY, S1939 INGEP0 FMPBIMOMBOL LogHPM boGxgdol Fqd30609ds, BmyogH MO
9989dGHM0 31996H0LEH030L 459tmyggbgds 58 3OMdGIol odsMm. sMLgdMmdL VRP s TSP-
0l 2505300l 3M1535¢00 d900ME0 BMLEGHO Fg0MEYd0m, MHMAIOO3 SOfIOMOE0s 53
099d0. 35650 S1590 FJPMPIOI00 M3EHOTIXMMO 49HY39B0YdJO0 56 Tgodgds
300900 0g4mb d5¢05b 89300 F9BMOZS S MYoOO 3bM3MIOOL Q5MGIMU
LoMomnyang. sBgmo J9HBMY3900, HMYMOE 505F056)MO RoJBHMMO s LoGMIBL3MOEHM
LoEMdO 56 obobowgds MAgEHqlo 3939MOLEH030L M35 BsBOOLOM. MY 53 MgHBOLO
LNS @5 ALNS @5 3500 gog6d9egds 9m 309 35635603, 6039 39000 543 oo
33H9bE0som, 853650 85063 56 5MOL 1153d5MOBO MYoYH ALMBEOM BHMIBL3MOEHOL



36MHMdgdgd0lL gobbme309egd5Hg. 199935, BMYSs©, gb IME)dMEo 393960035 35OPS©
98503L ©ob65{i9309d0L 25050Y39GH0w 09356, G908 me35D9g0Imo 0465 MSz35wo
de0gM0 99393906MHMEMP05, HMAMOE GodML dogdoLs s 39693H039M0 S5EMOOM0.
39059 IbmermE M350 JoEAMIoLs s 399d9MHOLE030L F0EGd0? s IbIMY30m
393300005 303000 LELYMH390 F90g2900. B396L OLGOES305d0 B39
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©@m0LE030L oMmydo B39b60 939960l IEYMTsMIGMBSL 53 bLggMmdo.
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* 3509953039960 Im©qw 900, O®MmIgd0E 2obLabP3M396 s AobLIBWIM396
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