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Development & Application of A Simulation Model on
Railway Knock-on Delay

Student : Jau-Rong Liu Advisor : Dr. Cherng-Chwan Hwang

Institute of Transportation Engineering and Management
National Chiao Tung University

Abstract

Train delays of a railway system are affected by many factors and one of the
most important factors is insufficient line capacity. Once a first delay occurs, the
delay propagation (i.e., knock-on delay) always interrupts train operation. Thus, how
to promptly reduce the knock-on delays becomes an important issue for providing
reliable timetable and high quality. of service. In order to clarify the impacts of these
complicated factors and their interactions on knock-on delay, this research develops a
comprehensive simulation model to estimate knock-on delays, and a rail section from
northern area of Taiwan railway system is selected for case study.

This research first collects real data from the section of Cidu to Shulin of Taiwan
railway system to verify and validate the model. The impacts on knock-on delays of
different first delays and timetable recovery strategies are then evaluated. The results
show that knock-on delay propagates toward downstream sections when a first delay
occurs, and the knock-on delay increases nonlinearly toward downstream sections. In
addition, timetable recovery strategies are demonstrated to have significant impacts on
the reduction of knock-on delays. Based on the simulation results of the case study,
regression analyses are employed to calibrate the relationships between knock-on
delays and three key factors, which are train density, first delay and timetable
recovery strategy. The regression models indicate that the relationship between

knock-on delay and these three key factors conforms to an exponential function. This
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research also explores the effects on knock-on delays of different first delay locations
and recovery strategies. The main findings are as follows: (1) the closer that the first
delay occurs at upstream section, the greater the knock-on delays at all stations and
two end stations are; (2) the effects of timetable recovery strategies are better in
recovering to scheduled timetable when the first delay occurs at upstream section.

To clarify the stochastic nature of the key factors affecting knock-on delays and
to evaluate timetable stability, this research also collects the running time and dwell
time data of Cidu-Hsinchu section for express and commuter trains respectively for
further analysis. The result shows that the knock-on delays at all stations and two end
stations during peak and off-peak hours converge to constant values respectively. In
summary, this research proposes a framework and a simulation model which can be
applied to analyze the impacts” on knock-on delay. by all kinds of changes in
infrastructures, operational situations and controlling strategies. It is expected that the
results can be beneficial to.timetable scheduling, system reliability analysis and

service quality improvement.

Keywords: Railway system, Knock-on delay, First delay, Timetable recovery strategy
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9| 644,109 | 6,036,688 186.32 | 553,135 4,798,021 148.09
10| 625210 | 6,661,898 185.05 | 609,879 5,407,900 150.22
11| 627,382 | 7,289,280 184.07 | 578,774 5,986,674 151.18
12| 636,482 7,925,762 183.47|- 538,099 6,524,773 151.04
13 566,826 8,492,588 181.47. 503,787 7,028,560 150.18
14| 716,185 9,208,773 182.71 516,348 7,544,908 149.70
15| 591,704 9,800,477 181.49 | 465,384 8,010,292 148.34
16 | 581,235 | 10,381,712 180.24 | 499,451 8,509,743 147.74
17| 625,623 | 11,007,335 179.86 - 570,904 9,080,647 148.38
18 | 645,830 | 11,653,165 179.83 | 564,326 9,644,973 148.84
19| 714484 | 12,367,649 180.81 | 593,286 | 10,238,259 149.68
20| 605,169 | 12,972,818 180.18 | 526,728 | 10,764,987 149.51
21| 606,974 | 13,579,792 179.63 | 535481 | 11,300,468 149.48
22| 546,440 | 14,126,232 178.36 | 549,220 | 11,849,688 149.62
23 | 556,002 | 14,682,234 177.32 | 650,680 | 12,500,368 150.97
24| 628,573 | 15,310,807 177.21 618,887 13,119,255 151.84
25| 665,531 | 15,976,338 177.51 545,183 13,664,438 151.83
26 | 769,760 | 16,746,098 178.91 611,757 14,276,195 152.52
27| 563,842 | 17,309,940 178.09 | 655,443 14,931,638 153.62
28| 616,882 | 17,926,822 177.85 | 478,531 15,410,169 152.88
29| 836,087 | 18,762,909 179.72 | 556,469 15,966,638 152.94
998 | 587,418 | 626,681,340 17443 | 503,660 | 555,116,281 154.51
999 | 549,482 | 627,230,822 17441 | 455225 | 555,571,506 154.438
1000 | 676,983 | 627,907,805 17442 | 494,713 | 556,066,219 154.46

84




195

190

185

180

1)

175

=

170 § ——

—A—

<

165

i 4 R

160

155 &
150

145

Ty

140
0 100 200 300 400 500 600 700 800 900 1000

o e
B 6-11 #73 & zbh2 T X A A8 45 0 27 o =% BBl %
S AR A s G RIS

EE TRy s = VTR R e
&AL 1'7\#;:,_" = 7115(9{ )% 10115(%}31‘1&)%?% * ’}’bir—i AL ‘:é-Fz'n& 1 /] 2%
2 7 K %&%&lgfljé_iéﬁ&ﬁ: ﬁ—%&fr VB (S EPE A TR 2B B—Fr

f
HEN A= I - SR N A T - =l B e i S 4 I = A E S ] e = - A
A F RS R T AL TN P T A 4 91,000 P e T 4
EFFRAL  THEIHUEFRATEEX A LI IR TIOEL T 0 &

WIS F L WA TE 0 R H AT RENL REERT 1) A
YUEFR SRR S R D 2 R F RS R Ao 68 40T o

dAFELETER > G TR L —E A EFNREF ] LA UEFF A

P H SRR RTH Bk B b R F B 108 K HERE 0 TI0ET 44
H32T T FRthe TR L —F A FNE G ] ] LA 4 F

FAR R BT TR B b AN F BN SE 175 I HRRE 0 THET
§ARETIRITI N 285 ) PF o H T30 4 A F ROAR 27 B0 S BB TR 6-12 7
aosomd Bl EHRESTFR 0 X2 @GR E S S TR 2 g F

85



# 68 - AP -k Bk BEUEFHERESREL

Pulic | SEG 1] 2 A dhnut A e I I T L s ot R A e
BY | Hag | Rrdgu | Tiowy | Haayg | Aragu | Tiody
WFBCR | R BC B | AR R | MR HCRL | B B BLE | A R

EE) | @) BOLP | EE) | () & ] )

1| 111,927 111,927 31.09 99,290 99,290 27.58
2| 114,586 226,513 31.46 93,656 192,946 26.80
3| 119,953 346,466 32.08 93,322 286,268 26.51
4| 154,364 500,830 34.78 92,778 379,046 26.32
5] 129,098 629,928 35.00 | 104,759 483,805 26.88
6| 144,384 774,312 35.85 | 106,140 589,945 27.31
7| 128,550 902,862 35.83 | 105,962 695,907 27.62
8| 137,709 1,040,571 36.13 93,652 789,559 27.42
91 124,763 1,165,334 35.97 98,842 888,401 27.42
10 | 118,927 1,284,261 35.67 | 103,944 992,345 27.57
11 119,984 1,404,245 35.46.| 100,985 1,093,330 27.61
12| 122,947 | 1,527,192 3535 97,627 1,190,957 27.57
13| 106,419 | 1,633,611 3491 97,402 1,288,359 27.53
14| 128,894 | 1,762,505 34.97 98,380 1,386,739 27.51
15| 127,367 | 1,889,872 35.00 84,376 1,471,115 27.24
16 | 113,495 | 2,003,367 34.78 91,909 1,563,024 27.14
17| 115,698 | 2,119,065 34.63- 103,477 1,666,501 27.23
18 | 124,789 2,243,854 34.63 | 106,539 1,773,040 27.36
191 132,275 2,376,129 34.74° "~ 104,187 1,877,227 27.44
20 111,684 2,487,813 34.55| 102,208 1,979,435 27.49
21 108,659 2,596,472 34.34 | 105,058 2,084,493 27.57
221 108,841 2,705,313 34.16 99,821 2,184,314 27.58
23| 109,533 2,814,846 34.00 | 124,048 2,308,362 27.88
24 | 117,598 | 2,932,444 33.94 | 126,106 | 2,434,468 28.18
25| 117,121 | 3,049,565 33.88 95,010 | 2,529,478 28.11
26 | 140,027 | 3,189,592 34.08 | 110,370 | 2,639,848 28.20
27 | 101,651 | 3,291,243 33.86 | 109,956 | 2,749,804 28.29
28 | 115283 | 3,406,526 33.79 87,642 | 2,837,446 28.15
29 | 169,693 | 3,576,219 3425 | 103,085 | 2,940,531 28.17
998 | 111,411 | 117,812,417 32.79 98,470 | 102,973,089 28.66
999 | 103,947 | 117,916,364 32.79 85,890 | 103,058,979 28.66
1000 | 123,837 | 118,040,201 32.79 94,369 | 103,153,348 28.65
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using System;
using System.Collections.Generic;
using System.Text;

namespace ClassLibraryl

{
public class TrainEvent : IComparable<IrainEvent>
{
public static int Num = O;
public int CompareTo(TrainEvent otherEvent)
{
if (Time > otherEvent.Time)
{
return 1;
else 1f (Time < otherEvent.Time)
{
return -1;
}
else
{
return m_SerNum.CompareTo(otherEvent.m_SerNum);
}
}
private Directions m_Diry
private int m_Time = -RailSystem.DayTime;
private EventTypes m_Type;
private string m TrainID= null;
private string m_Station = null;
private int m_SerNum = 03
public TrainEvent(string TrainID, 1nt Time, string Station, EventTypes Type, Directions
Dir)
{
Num++;
m_TrainID = TrainID;
m_Time = Time;
m Station = Station;
m_Type = Type;
m Dir = Dir;
m_SerNum = Num;
}
public string TrainID
{
get
( |
return m_TrainlD;
}
set
m TrainID = value;
}
}
public string Station
{
get
( |
return m_Station;
}
set
{

m Station = value;

101



}

}

public int Time

{

}

get
{

return m_Time;

m_Time = value;

public Directions Dir

{

}

get
{

return m_Dir;

set

{

m Dir = value;

public EventTypes Type

{

get
{

return m_Type;

set

{

m_Type = value;

}

using System;
using System.Collections.Generic;
using System.Text;

namespace ClassLibraryl

public class DwellPlan

{

}

public
public
public
public

public

public DwellPlan(string stationName,

{

string station;
int expArrTime;
int expDepTime;
int actArrTime;

int actDepTime;

station = stationName;

expArrTime
expDepTime
actArrTime
actDepTime

public class Train

{

arrivalTime;
departureTime;
int.MinValue;
int.MinValue;

private int m_priority;
public int Priority

{

int arrivalTime, int departureTime)
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get { return m priority; }
set { m_priority = value; }

}

private List<DwellPlan> m_dwellPlanList;
public List<DwellPlan> DwellPlanList
{

}

get { return m dwellPlanList; }

public Train()

m_dwellPlanList = new List<DwellPlan>();
}

private Directions mDir;
public Directions Dir
{
get { return m_Dir; }
set { m Dir = value; }

}

private int m_Task=0;
public int Task
{

get { return m_Task; }

public bool NextTask(){
m_Task++;
if (m_Task < DwellPlanList.Count)
return true;
else
return false;

}
public void ResetTask()

m_Task = 0;
}

private string m_Location = null;
public string Location

{
get { return m_Location; |
set { m_Location = value; }
}
public int IsArrDelay(int Time)
{
return Time - DwellPlanList[Task].expArrTime;
}
public int IsDepDelay(int Time)
{
return Time - DwellPlanList[Task].expDepTime;
}
public int DefaultDwellTime()
{

return DwellPlanList[Task].expDepTime - DwellPlanList[Task].expArrTime;

}
public int Defaul tRunningTime()
{

}

return DwellPlanList[Task].expArrTime - DwellPlanList[Task-1].expDepTime;

using System;

using System.Collections.Generic;
using System.Text;

using System.Diagnostics;

namespace ClassLibraryl
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public enum EventTypes { ARRIVE, DEPART, PASS, FD_START, FD_STOP };
public enum Directions { ASC=0, DESC=1 };

public class Tracks

{
public Tracks(string Name)
{
m_Name = Name;
Reset();
}

private string m_Name;
public string Name

{
}

get { return m_Name; }

private bool m blocked;

public bool Blocked

{
get { return m_blocked; }
set { m_blocked = value; }

}
private string m_occupied;
public string Occupied

{
}

get { return m occupied; }

private EventTypes m_type;
public EventTypes LastEventType
{

}

get { return m_type; }

private Directions m_direction;
public Directions LastEventDirection

{
)

get { return m_direction; }

private int m_time = -RailSystem.DayTime;
public int LastEventTime

{
)

get { return m_time; }

private int m_LastArrTime = -RailSystem.DayTime;
public int LastArrtTime

{
get { return m LastArrTime; }
}
public void Reset()
{
m_time = -RailSystem.DayTime;
m_occupied = null;
m_blocked = false;
m LastArrTime = -RailSystem.DayTime;
}
public void SetLastEvent(ref TrainEvent TE)
{

m_type = TE.Type;

m_time = TE.Time;

m direction = TE.Dir;

if (EventTypes.ARRIVE=m_type)
{

m_LastArrTime = TE.Time;
m_occupied = TE.TrainID;
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else if (EventTypes.DEPART == m_type)

Debug.Assert(m_occupied == TE.TrainID);
m_occupied = null;

}

else 1f (EventTypes.PASS == m_type)

{
m_occupied = null;
}
else
Debug.Assert(false);
}

}

using System;

using System.Collections.Generic;
using System.Text;

using System.Diagnostics;

namespace ClassLibraryl

{

public class Station

{
public int totalDelay = 0;

private int m_headwayDA;

public int H_DA

{
get { return m_headwayDA; '}
set { m_headwayDA = value; }

}

private int m_headwayAA;

public int H_AA

{
get { return m_headwayAA; }
set { m_headwayAA = value;. '}

}

private int m_headwayDD;

public int H_DD

{
get { return m_headwayDD; }
set { m_headwayDD = value; }

}

private int m_headwayAD R;
public int H_ AD R
{
get { return m_headwayAD R; }
set { m_headwayAD_R = value; }
}

private int m_headwayDA R;
public int H_DA_R
{
get { return m_headwayDA R; }
set { m_headwayDA_R = value; }
}

protected Tracks m_trackl;
public Tracks Trackl
{

}

get { return m_trackl; }

protected Tracks m_track2;
public Tracks Track2
{
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get { return m_track2; )

}

private int m_mileage;

//] <summary>

/1] </summary>

public int Mileage

{
get { return m_mileage; }
set { m_mileage = value; }

}

private int m_minDwellTime;
public int MinDwellTime

{
get { return m_minDwellTime; }
set { m_minDwellTime = value; }
}
public Station()
{
m_trackl = new Tracks("Trackl");
m_track2 = new Tracks("Track2");
}
public virtual string GetStationType()
{
return "Type IV";
}

protected bool CheckTrackNoneOccupy(ref=Fracks track)

if (null = track.Occupied && !track.Blocked)
return true;

else
return false;

}
protected bool CheckDA(ref Tracks track, int Time)

if ( this.H_DA <= (Time - track.LastEventTime) )
return true;

else
return false;

}
protected bool CheckAA(ref TrainkEvent TE, ref Tracks AnotherOne)

if (AnotherOne.LastEventTime < 0)
return true;

if (AnotherOne.LastEventDirection != TE.Dir)
return true;

if ((TE.Time - AnotherOne.LastArrtTime) >= H_AA)

{

return true;
}
else {

return false;
}

if (EventTypes.ARRIVE == AnotherOne.LastEventType || EventTypes.PASS =
AnotherOne.LastEventType)
{

if ((TE.Time - AnotherOne.LastEventTime) >= H_AA)
return true;
else
return false;
}
else

{

return true;
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}
}
protected bool CheckDD(ref TrainEvent TE, ref Tracks AnotherOne)

{
if (AnotherOne.LastEventTime < 0)
return true;
if (AnotherOne.LastEventDirection != TE.Dir)
return true;
if (EventTypes.DEPART == AnotherOne.LastEventType)
if ((TE.Time - AnotherOne.LastEventTime) >= H_DD)
return true;
else
return false;
}
else
{
return true;
}
}

protected bool CheckAP DP(ref TrainEvent TE, ref Tracks SecTrack)

if (SecTrack.LastEventTime < 0)
return true;

if (TE.Dir != SecTrack.LastEventDirection)
return true;

Debug.Assert(EventTypes .ARRIVE.=='Sec¢Track.LastEventType || EventTypes .DEPART =
SecTrack.LastEventType);
if (EventTypes.ARRIVE == SecTrack.LastEventType)

if ((TE.Time - SecTrack.LastEventTime) >= H_AA)
return true;

else
return falses

}

else

if ((TE.Time - SecTrack.LastEventTime) >= H.DD)
return true;

else
return false;

public virtual bool IsAllTrackEmpty()

if (null = m_trackl.Occupied && null == m_track2.Occupied)
return true;

else
return false;

}
public virtual void Reset()
{
m_trackl.Reset();
m_track2.Reset();
}

public virtual bool Arrival(ref TrainEvent TE, bool IsFollowingTrainPassing)
if (Directions.ASC = TE.Dir)
if (CheckTrackNoneOccupy(ref m_trackl) && CheckDA(ref m_trackl, TE.Time))

m_trackl.SetLastEvent(ref TE);
return true;

}

else

{
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return false;

}
}
else
if (CheckTrackNoneOccupy(ref m_track2) && CheckDA(ref m track2, TE.Time))
m_track2.SetLastEvent(ref TE);
return true;
}
else
{
return false;
}
}

}
public virtual bool Depature(ref TrainEvent TE)
if (Directions.ASC = TE.Dir)
m_trackl.SetLastEvent(ref TE);

}
else
i m_track2.SetLastEvent(ref TE);
return true;
éublic virtual bool Passing(ref TrainEvent TE)
i return Arrival(ref TE,false);
public virtual void SetTrackBlock(string track, bool block)
{ Debug.Assert(track !="Track3™);
Debug.Assert(track '="Track4");
if (m_trackl.Name == track)
m_trackl.Blocked = block;
else 1f (m_track2.Name == track)
{ m_track?2.Blocked = block;
| }

}

public class Stationl : Station
{
private Tracks m_track3;
public Tracks Track3
{

get { return m_track3; }

private Tracks m_track4;
public Tracks Track4

{
get { return m_track4; )
}
public StationlI()
{
m_track3 = new Tracks("Track3");
m_track4 = new Tracks("Track4");
}

public override string GetStationType()
{
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return "Type 1";

}
public override bool IsAllTrackEmpty()

{
if (null ==m_trackl.Occupied & null =m_track2.0ccupied && null ==m_track3.Occupied
&& null == m_track4.Occupied)
return true;
else
return false;

}

public override void Reset()

{
m_trackl.Reset();
m_track2.Reset();
m_track3.Reset();
m_track4.Reset();

}

public override bool Arrival(ref TrainEvent TE, bool IsFollowingTrainPassing)

if (Directions.ASC == TE.Dir)

return Arrival(ref TE, IsFollowingTrainPassing, ref m_trackl, ref m_track3);
else

return Arrival(ref TE, IsFollowingTrainPassing, ref m_track2, ref m_track4);

private bool Arrival(ref Trainkvent TE, bool IsFollowingTrainPassing, ref Tracks Pri, ref
Tracks Sec)

if (CheckTrackNoneOccupy(ref-Sec) && CheckDA(ref Sec, TE.Time) && CheckAA(ref TE, ref

Pri))
Sec.SetLastEvent(ref TE);
return true;
}
else 1f (CheckTrackNoneOccupy(ref Pri) & CheckDA(ref Pri, TE.Time) && CheckAA(ref TE,
ref Sec))

Pri.SetLastEvent(ref TE);
return true;

}
else

{
)

return false;

}

public override bool Depature(ref TrainEvent TE)

if (Directions.ASC = TE.Dir)

return Depature(ref TE, ref m_trackl, ref m_track3);
else

return Depature(ref TE, ref m_track2, ref m_track4);

}

private bool Depature(ref TrainEvent TE, ref Tracks Pri, ref Tracks Sec)
{
Debug.Assert((Pri.Occupied == TE.TrainID && Sec.Occupied != TE.TrainID) ||
(Pri.0ccupied != TE.TrainID && Sec.Occupied == TE.TrainID));
if (Pri.Occupied == TE.TrainID)
if ( CheckDD(ref TE, ref Sec) )
{

Pri.SetLastEvent(ref TE);
return true;

else

{

return false;
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}

}
else
if (CheckDD(ref TE, ref Pri))
Sec.SetLastEvent(ref TE);
return true;
}
else
{
return false;
}
}

}

public override bool Passing(ref TrainEvent TE)

if (Directions.ASC = TE.Dir)
return Passing(ref TE, ref m_trackl, ref m_track3);
else

return Passing(ref TE, ref m_track2, ref m_track4);

}
private bool Passing(ref TrainEvent TE, ref Tracks Pri, ref Tracks Sec)

if (CheckTrackNoneOccupy(ref Pri) && CheckDA(ref Pri, TE.Time) && CheckAP_DP(ref TE,

ref Sec) )

{
Pri.SetLastEvent(ref TE);
return true;

}

else

{ X
return false;

}

}

public override void SetTrackBlock(string:track, bool block)
if (Track3.Name == track)
Track3.Blocked = block;
ilse 1f (Track4.Name == track)
Track4.Blocked = block;
élse

{
)

base.SetTrackBlock(track, block);

}

public class Stationll : Station
{
private Tracks m_track3;
public Tracks Track3

{
get { return m_track3; }
}
public StationlI()
{
m_track3 = new Tracks("Track3");
}

public override string GetStationType()
{
return "Type I1";
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}
public override bool IsAllTrackEmpty()

if (null == m_trackl.Occupied && null == m_track2.0ccupied && null ==
m_track3.0ccupied)
return true;
else
return false;
}
public override bool Arrival(ref TrainEvent TE, bool IsFollowingTrainPassing)

{

return true;
public override bool Depature(ref TrainEvent TE)
{

return true;

public override bool Passing(ref TrainEvent TE)
{

}

return true;

}

public class StationllIl R : Station
{

private Tracks m_track3;
public Tracks Track3
{

}

private string m_Type;
public string Type
{

get { return m_track3; }

get { return m_Type; }

public StationIII R(string type)
{
m_track3 = new Tracks("Track3");
m_Type = type;
CrossOverInfo Rule;
switch (type)
{

case "IIT_R":
Rule = new CrossOverInfo("0=>Track3", "Track2=>1", false);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("Track2=>1", "O=>Track3", true);
CrossInfolList.Add(Rule);
Rule = new CrossOverInfo("Track3=>1", "O=>Track3", true);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("l1==>Track2", "Track3=>0", false);
CrossInfolList.Add(Rule);
Rule = new CrossOverInfo("Track3=>0", "l=>Track2", true);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("Track3=>0", "l=>Track3", true);
CrossInfoList.Add(Rule);
break;

case "IIT_L":
Rule = new CrossOverInfo("0=>Trackl", "Track3=>1", false);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("Track3=>1", "O=>Trackl", true);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("Track3=>1", "O=>Track3", true);
CrossInfolList.Add(Rule);
Rule = new CrossOverInfo("l==>Track3", "Trackl=>0", false);
CrossInfolList.Add(Rule);
Rule = new CrossOverInfo("Trackl=>0", "l=>Track3", true);
CrossInfolList.Add(Rule);
Rule = new CrossOverInfo("Track3=>0", "l=>Track3", true);
CrossInfolList.Add(Rule);
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break;

case "II":
Rule = new CrossOverInfo("Track3=>1", "O=>Track3", true);
CrossInfoList.Add(Rule);
Rule = new CrossOverInfo("Track3=>0", "l=>Track3", true);
CrossInfolList.Add(Rule);

break;
default:
Debug.Assert(false);
break;
}

}
public override string GetStationType()
{

return "Type IIT_R";
}
public override bool IsAllTrackEmpty()

if (null = m_trackl.Occupied && null == m_track2.0Occupied && null ==
m_track3.Occupied)
return true;
else
return false;

}
public override void Reset()
{
m_trackl.Reset();
m_track2.Reset();
m_track3.Reset();
foreach (CrossOverInfo“rule in CrossInfoList)
rule.Reset();
}
}

private List<CrossOverInfe> CrosslnfolList-=-new List<CrossOverIinfo>();

private void UpdateCrossoverlnfo(ref TrainEvent TE, string TrackName)

{
string RouteName = null;
switch (TE.Type)
{
case EventTypes.ARRIVE:
RouteName = ((int)TE.Type).ToString() + RailSystem.AndSymbol + TrackName;
UpdateCrossoverInfo(TE.Time, RouteName);
break;
case EventTypes.DEPART:
RouteName = TrackName + RailSystem.AndSymbol + ((int)TE.Type).ToString();
UpdateCrossoverInfo(TE.Time, RouteName);
break;
case EventTypes.PASS:
RouteName = ((int)TE.Type).ToString() + RailSystem.AndSymbol + TrackName;
UpdateCrossoverInfo(TE.Time, RouteName);
RouteName = TrackName + RailSystem.AndSymbol + ((int)TE.Type).ToString();
UpdateCrossoverInfo(TE.Time, RouteName);
break;
default:
Debug.Assert(false);
break;
}
}

private void UpdateCrossoverInfo(int Time, string RouteName)

foreach( CrossOverInfo rule in CrossInfolList )
rule.UpdateFirstRoute(Time, RouteName);
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private bool CheckCrossoverHeadway(ref TrainEvent TE, string TrackName)
{

string RouteName=null;

switch (TE.Type)
{

case EventTypes.ARRIVE:
RouteName= ((int)TE.Type).ToString()+RailSystem.AndSymbol+TrackName;
return CheckCrossoverHeadway(TE.Time, RouteName);
//break;

case EventTypes.DEPART:
RouteName= TrackName+RailSystem.AndSymbol+((int)TE.Type).ToString();
return CheckCrossoverHeadway(TE.Time, RouteName);
//break;

case EventTypes.PASS:
RouteName= ((int)TE.Type).ToString()+RailSystem.AndSymbol+TrackName;
bool bl = CheckCrossoverHeadway(TE.Time, RouteName);
RouteName= TrackName+RailSystem.AndSymbol+((int)TE.Type).ToString();
bool b2 = CheckCrossoverHeadway(TE.Time, RouteName);
return ( bl && b2);
//break;

default:
Debug.Assert(false);
return true;

}

private bool CheckCrossoverHeadway(int Time, string RouteName)
foreach (CrossOverInfo rule in Crosslnfolist)

if (false = rule.CheckHeadway(Time, RouteName, H DA R, H AD R) )
return false;

}

return true;

}

public override bool Arrival(ref TrarnbEvent TE, bool IsFollowingTrainPassing)

if (Directions.ASC == TE.Di1)

return Arrival(ref TE, IsFollowingTrainPassing, ref m_trackl, ref m_track3);

else
return Arrival(ref TE, IsFollowingTrainPassing, ref m_track2, ref m_track3);

private bool Arrival(ref TrainEvent TE, bool IsFollowingTrainPassing, ref Tracks Pri, ref
Tracks Sec)

if (IsFollowingTrainPassing)

1f (CheckTrackNoneOccupy(ref Sec) && CheckDA(ref Sec, TE.Time) && CheckAA(ref TE,
ref Pri) && CheckCrossoverHeadway(ref TE, Sec.Name))

Sec.SetLastEvent(ref TE);
UpdateCrossoverInfo(ref TE, Sec.Name);
return true;

telse 1f ( CheckTrackNoneOccupy(ref Pri) && CheckDA(ref Pri, TE.Time) &&
CheckAA(ref TE, ref Sec) && CheckCrossoverHeadway(ref TE, Pri.Name) )

Pri.SetLastEvent(ref TE);
UpdateCrossoverInfo(ref TE, Pri.Name);
return true;

lelse
{
return false;
}
lelse

if (CheckTrackNoneOccupy(ref Pri) && CheckDA(ref Pri, TE.Time) && CheckAA(ref TE,
ref Sec) && CheckCrossoverHeadway(ref TE, Pri.Name))
{
Pri.SetLastEvent(ref TE);
UpdateCrossoverInfo(ref TE, Pri.Name);
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return true;

}
else if (CheckTrackNoneOccupy(ref Sec) && CheckDA(ref Sec, TE.Time) && CheckAA(ref
TE, ref Pri) && CheckCrossoverHeadway(ref TE, Sec.Name))

{
Sec.SetLastEvent(ref TE);
UpdateCrossoverInfo(ref TE, Sec.Name);
return true;

}

else

{
return false;

}

}

public override bool Depature(ref TrainEvent TE)

if (Directions.ASC == TE.Dir)

return Depature(ref TE, ref m_trackl, ref m_track3);
else

return Depature(ref TE, ref m_track2, ref m_track3);

}
private bool Depature(ref TrainEvent TE, ref Tracks Pri, ref Tracks Sec)

Debug.Assert((Pri.Occupied == TE.TrainlID && Sec.Occupied != TE.TrainID) ||
(Pri.Occupied != TE.TrainID && Sec.Occupied == TE.TrainID));

if (Pri.Occupied == TE.TrainID)

{

if (CheckDD(ref TE, ref Sec) && CheckCrossoverHeadway(ref TE, Pri.Name) )
Pri.SetLastEvent(ref TE);

UpdateCrossoverInfo(ref TE, Pri.Name);
return true;

}
else
{
return false;
}
}
else
if (CheckDD(ref TE, ref Pri) && CheckCrossoverHeadway(ref TE, Sec.Name))
{
Sec.SetLastEvent(ref TE);
UpdateCrossoverInfo(ref TE, Sec.Name);
return true;
}
else
{
return false;
}
}

}

public override bool Passing(ref TrainEvent TE)

if (Directions.ASC == TE.Dir)

return Passing(ref TE, ref m_trackl, ref m_track3);
else

return Passing(ref TE, ref m_track2, ref m_track3);

}

private bool Passing(ref TrainEvent TE, ref Tracks Pri, ref Tracks Sec)

{
if (CheckTrackNoneOccupy(ref Pri) && CheckDA(ref Pri, TE.Time) && CheckAP_DP(ref TE,
ref Sec) && CheckCrossoverHeadway(ref TE, Pri.Name))

Pri.SetLastEvent(ref TE);

UpdateCrossoverInfo(ref TE, Pri.Name);
return true;
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}

else

{
)

return false;

}

public override void SetTrackBlock(string track, bool block)

{
Debug.Assert(track !'= "Track4");
if (Track3.Name = track)

Track3.Blocked = block;
}

else

{
}

base.SetTrackBlock(track, block);

public class StationlII_L : Station

{

private Tracks m_track3;
public Tracks Track3
{

get { return m_track3; }

public StationIII_L()

{
m_track3 = new Tracks("Track3");
}
public override string GetStationType()
{
return "Type IIT_L";
}

public override bool IsAlITrackEmpty()

if (null = m_trackl.Occupied && null = m_track2.Occupied && null ==

m_track3.Occupied)

return true;
else
return false;

}

public override bool Arrival(ref TrainEvent TE, bool IsFollowingTrainPassing)

{

}
public override bool Depature(ref TrainEvent TE)

{

return true;

return true;

public override bool Passing(ref TrainEvent TE)
{

}

return true;

public class CrossOverlnfo

{

private int m_LastFirstRouteTime=-RailSystem.DayTime;
private string m_FirstRoute;
private string m_SecondRoute;
bool m_Is_H DA R;
public CrossOverInfo(string FirstRoute, string SecondRoute, bool Is_H DA_R)
{
m_FirstRoute = FirstRoute;
m_SecondRoute = SecondRoute;
m Is_ HDAR=1Is_ HDAR;

115



public void UpdateFirstRoute(int NowTime, string RouteName)
{
if (m_FirstRoute == RouteName)
m_LastFirstRouteTime = NowTime;

public void Reset()
{
m_LastFirstRouteTime = -RailSystem.DayTime;
}
public bool CheckHeadway(int NowTime, string RouteName, int H DA R, int H AD R)

if (m_SecondRoute == RouteName )

{
if (m_Is HDAR)
if ((NowTime - m_LastFirstRouteTime) >= H_DA_R)
return true;
else
return false;
}
else
if ((NowTime - m_LastFirstRouteTime) >= H_AD_R)
return true;
else
return false;
}
}
else
{
return true;
}
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