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Abstract:

The Applications of high technologies in the field of railways to improve safety
and efficiency have become a global trend recently, such as Moving Auto-blocked
System (MAS) has been promoted in USA, Europe and Japan. Taiwan Railway
Administration (TRA) is often not able to cope with changeable travel demands to
increase capacity because of using Fixed Auto-blocked System (FAS). It is, therefore,
the main purpose of this study to quantify the possible capacity by comparing MAS
and FAS.

The “Song Sang-Hsinchu” line section of TRA 1is chosen as the empirical case
study to verify and validate the proposed simulation model considering the
characteristics of running and overtaking behaviors with multiple train classes. First,
speed-distance diagrams for each train class are identified by using mathematical
formals derived from analytical models. Then the logical flows of train movements
from starting station to end station for time-space diagrams with two different train
operation systems are transformed into a simulation program by using C++.
Verifications and validations are proceeded stepwise to ensure the simulation model

to be almost realistic with statistical proofs.

It is concluded that a solid capacity analysis is feasible only when observed
points without train tasks disturbances on a bottleneck line section are fixed. The
weight averages method is also recommended to calculate train operation headways
considering various train classes. In the case of existing train tasks and train classes, it
is shown significantly that the capacity with FAS is 122 (TU/day), while the capacity
with MAS is 273(TU/day). The existing capacity almost increases 124%.
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(1) AREEWmED -
BHRRIR D AR RAEIE

BNE T EHHEAAZNEER B BHE TBEHNEH BER
BAENALNEE DA FIEELME Bt AR GRS 4 5 8
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2.3

LEABHEGHHEAKIBRALRLER

HEHAHAEABRAEACTAHHAERALZ ZRE  ENELAA L@ RE
H 5z %) % 3 4] (Communication-Based Train Control, CBTC)4% 47 » &7 & 44
BRMOBHAGHEZAAT FRINEFMERRERLBEFRELE
4 P & + < (Radio Block Center, RBC) » RBC A& #% 3 47 # [k Ao ik [ % 30, 8. 45
BT R BT HENSEHE RLERDBRAZEZEERERE RN KA
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2.3.1 bt £ ~ K ATCS

£ B Ahn g K7 1982 432 it Sb i 5] & 4% 4] 4 4 (Adbanced Train Control
System ,ATCS) fu % i# 4% 3% & F % # (Advanced Railway Electric
System ,ARES) - 4% & Jb £ 4838 ) @ 3L ) B 4% R AR 467 1983 @&/m £
AZEHEMontrea ) BATZ €3 HEX AT RERFLEEBRT
AT EIER AR RABAMER R R R A MR E S z‘i?’iﬁ’\éﬁﬁﬁfrg
HHLE TERBEBEERLTARATRENALBLE  AfstH i sr
MBS ERAZ LRI FIEH A 4 -

ATCS v REI a8 R - 10 4% ~20 % ~ 30 %& ~ 40 & » BIEARF)
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LW-@ﬁmﬁaﬁmﬁ%W
TAL P E -~ BB B Tk HES TR o
KRl P BAR AR~ RERIE ~ ABIR ~ iE
%ﬁ:Jﬁ‘ﬁ~mﬁﬁ~%%~%*
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BiEslE=rmemeR Bt ERTUBENIAZ BT REBEA®S
HEABET P EZ AR FRECTEEHED EAHRESE - ERLS
£ > By AEBENERLE BRI B BER > AR A ATCS Ak 4
Gz AR A AN EEREMAE MBI XB LI ERAL T ERELAE
BPEFE B BB P R M AT R B S8 BARZ L.
ML 0 AL TR EE RIRRAE > AR EITEREY -

Jb £ 4838 ATCS KB R4 B B 38w k 2.6 ¢
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R 2 HE LA BN
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Amtrak RN Amtrak 82 3 ¥ E % 483
JE -2 Ao B KA 5| BIEH] 7 % — REATIR BRI (F
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232 BERHMEBRERETHE A & ERTMS

B4R 2 EE 12 4 4 ERTMS 2 4%.w % 1991 S REZ BN g £
& 4747 %] % #(Buropean Train Control System ,ETCS)fo#2i% [ 3 4 % » #| A
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ERBETHAELARZER -

ETCS £ & 24 am A A% ¢
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2.3.3

% B ASTREE 4 &

% B B4R 1986 4 BA 46 o145 Bp B 36 Bt A $)1b % % (Automatisation du
Suivi en Temps Reel , ASTREE) » 3k F & 42 34t 2 9] 4% %] & 4t > 18 48 1878 )|
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2.34 B A¥#k CARAT 42 %

B AR 1985 F=- H T hE & & 4 X 3% 7] £ 4] 4 4(Computer and Radio
Aided Train Control System ,CARAT) » £ 2 B &) AR SHERE » HALFE
SR BHEEZTRFRABM BRI LEBBEEZEFTM - BAT
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FEH]
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CARAT 2 £ Z 4 40y fe 6045 FIL &35 I 230 8 X~ 5 R R R dE 4]
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2.3.5 #&H LZB ~ F7ZB % %

1972 R HEEERAEEARLZHEBHRALEERI B RS
LZB(Linien Zug Beeinfussung) » <, B b 3] 314 45 2 5 5 7483825 B bk 4] i1
B oo f)dhe 1 db E K6y ki 7 £ IE 4] & %4 (Advanced Train Control
System ,ATCS)#o 5t #4583 & F % 4(ARES) ~ 7k B8 # 0932 4E Rpof 36 5t A &)
1t % % (Automatisation du Suivi en Temps Reel ,ASTREE) ~ 1& B & & 5% ¥ ) 47
S EB A% (CIR) S BR M 4R 3% &Y 7] & & %] & % (Buropean Train Control
System ,ETCS) ~ J KA Z2 4888 0 38 7] FIE 4] & 4 ~ B R0 TR A
LE B B %J % #,(Computer and Radio Aided Train Control Sustem ,
CARATS) ~ 7+ 445# 84 | % % 4 (Train Brain) ~ 77 #4525 49 21 # %245 55 (Rail
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AR FBBREPIF N ARGZ LZBERA R 84 520 8155 14542)
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Z LZB %% > 4 1993 Fd &I FaadEE > A AR R A 6 & 43813 %
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#% 211 LZB #1 FZB A4 %45 btk

LZB FZB
B F X | B 41813 ¥ (GSM)
> ,1‘ ‘I_"/F 2 »*’é-
> %%ﬁﬁﬁﬁ PR
N - > MAEEHEEZKX
A gt | > ﬁ?%%h%%%ﬁﬁ S o hs A
5 = xR
> R ERMEREAR B 2 P B2IR
CEMRRAMERAZIRR | e s
%ﬂz@f E 4=
EAT
> TEBAMARE , X HEES
$Ff§/‘ }l > é -:% bbé
R P T AR IS

HARIR AT R

35



2.3.6 3 B 34K Jubilee %k tu#) 4 WESTWACE 5| £  $54% 3% 4 &

FER 1923 Fu R4 A & ST 8 HT BT HET ) 2 2 KB 0 A B
HE SR REBMBARE A ZEMBEBI - 2 AR BREHERZ ATP
Ao bR EREBRERBBAMEAN R ARET LKL T TRE
(Token) P 2 (Radio Electric Token Block) F °

HHEZASER G+ =53 B R ER G &M R # & H 289 Central
4 3] & H7 4 Jubilee 4% > &+ — 4534 & Docklands $2# 4 448 % B B 3
B 250 B AR HEAH31 500 37| &85 260 & Exk B TE B % 16,000
A o
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WEE BHEBBA LRSI EERES  E P XUKREGHHAELZ SR
Z KA 4 (Jubilee) & X % °

Jubilee 427 1979 i@ H» 2%t EFE i/ iF 3 ¥ AR # Green Park
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#| Stratford - Jubilee uskér+ 425k TR ARy BAELZHT R
EREBHUFRAMNRAL > KW ERARFING - ERAREIZEHE
ATP/ATO %4 thAMELZ RS BREBRAZNEETR - BH ALK
LRSI

Jubilee #%F o 2 7] £ 3 & & 4% 1 3% 5 (WESTRACE)1f & K 4 2 R 32
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MR E S E LR KRAPR:ERH B F 1 EX 7308 - APR A #6045
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ATP #4515 - B EHARERAH L H T EEw7| LRE B HEHRRE
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EATERVEBRGEN T E R h e EIF R AL
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(3)7& 7] £ 3% Hi Bk I A EATHIR 288 2 B AR B @ IRIE £ 83t A
B2 R G THEE » SMRE I B AR 2RE LBRNITE -

WESTRACE &R EZH T2V A mBERESRE  BALER
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(B)ATP # = H] % o kIb44g ATC 4 47544 Cenelec 12# prEN50126
prEB50128 ~ prEN50129 » 445 T A F 2 a2 # 25 () ARTAL 5 #(2)
FARRRRAMB) AR ~ BIREENHDZITF A4 5 T H
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AHTRZHBER T > E2 &P ETERR > &R WESTRACE % %
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Bk RITE B E ) BEATO 4 48518 235 ey RE & ATO B %
EHAREATEIESE > TEL05m o942 £AE K -

#I A TBS 4 #f8 kLA A5/ N5 F @ E4T 36 85| £ A EN A
282 150% HMEEHREE °
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A TRk B THEER  HE it d
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LR BRI EHFNA T EETHRIER TR AFET EHEBRET
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X HENBERESASHELAAZIEE DELRBRAGHE BN
AP E R KRBT KX, 0 B4k 2.15:
k215 LEBREHAHHELZHK LR
SR AEHEE 7| B 3 BB ik MEARE A
BE S mEKR HERAZ 2R THE A
900MHz F 3, & -3h20 B 12 %
ATCS % z RRR o
g ERTMS HERLEE - BREMA4% GSMR~ &8838H 44
LHTE - EREEX
# B ASTREE MEBTL PRCE BB s oMHz 22 Mk
RELEE ~ RAE 2 3t #5(400MHz = 722 F i #» LCX>
a$%%ﬁCMMT§ ?? i B{it ,Z,,?\ﬁ,‘ *
B ERBRBETESE R B R T KK
BB LZB-FZB  |#RMEH - BEB #HEE - GSM

B RIR T AR

Hutabz ol b XA G E LB S48 BART) B AT #L 2

) &) & ] B % 2 AATC(Advanced Automatic Train Control) 4 %, » #|F £ B &

AaBERMAG EhREN LR TN
HAEBEM AR 22 B

B £ B

R DEREHEIHELE

Harmon T ¥ /2~ 3] B4 2

ITCS(Incremental Train Control System) % %, > £ T 2 B9 £ 2 T4 - 4t
# ATCS % %875 750 T A7) 35 H] Z 5 fiE w LAAH 7

B LR ho 0 X F] B R AL BT BB AT E IR A S AR BT IR A 4R

o ERERMEZ I 22 NI ERER T ER BLHEHRERF
Rl B8 o A ST H P ERATRP R R P Ef ey B B R F AERP BRI E
WETZETRL RFRE > RERLZE R BILkRBE 8K RH
BHema— MY HERNSMEERLER T RN L0 E2RHR
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PEFERFAX kL RF e BT R A LR BEARGE
S A AELEBR Y LBER BBk ZRAKREFERZEEHALK
FoRIE S AEARE S RILBEARSEMA T 2F0KE > 2L ERF
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£ REARERE | 12447 &5
Gl lsb2 | A%l A
HRE = 1440 x§ | BHER - LR SRS
hr, + (hy, + hy + D, TS | RS ERER
. RAHE |
LA 5] A vk Bl R
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AHAREENRFRTEHET HEEFULE

Z F Rk EHE L

—HEARANAREITENENBZERER TRAR —ZE L HEHER
FX b Bt RRBBMBEIBEZEBIFEAKRKSL  FINFIELZLRE
WASREIREA KRGS I ERIEA T AL 12 G 8 H 3R A ST 241
AT Rar > BB X B4 8 B3 IRARIE  UAANREFE -
BHIXREBET 40 KA EESHBERBEEARLBRE AR ANEE
ERETFHHFTXFERABEZPERE -

IR TR B KR ZREFT ST 4 2bdn s
BAME AR REE > LREE A RUBRBR SR BT
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3.0 BEERESWIE

MNEF TR T HERE ARG A E R AN 1878 FHBHRT > — & u
By BEBEE N R Y| BEEAE S RAE o

(1) 1l 2:@BAENGIELHA —FHREA X ERE -7 Ra BT A2
BATF KT R SR B %6k A B NGEFIE—8
24 NER)FFAERB R AT BB R FE A B o

(2) Pl EEEARNGITAE — TR T XM -~ P EEHBEA -~ 7| EbhER
BAAFXA T  SHRABREEHBRANEGE  £BERMFENGEEE —
EVRAER R S B R GEF AR B L) o

ARARZENINEBBRENZPERZEFH AT — KRR BEESH
MR A SZNIE S E T H#8) 7| FEATE AT H M5 L ETE X5 B FATE
FERAETAEAAGe FEAT)  FAEFEZREE R AT AR
A FATEATE AR AN EMABT £ BEAF Ek - %t £
FEHFRREM LS T @ IFFATE4T B A A B 4o PRt B 47 7] &
TR SR EAR L §EHT AR TFEBRE. FEA R R
HEBEEE  HEREMEHHE -

AT A [ FEAT A A TlE

TR AT EEAITREIETFTIEETRORBLER 7L R AR
HEATA S BMRBGET  AAEAECHANEH 2 BH 5 2420
BN G o A2 0 Bk R SR A Ao R B B (R4 AR AT B ALE R IR
LA R R ZH RBB R T Rk R4 RIIEA B9 8 85
ETEHTF2MESE -

MBENECEHMERRE BHAGFHAEBROEZETH R ZEHELR
FRRA > B ebte FAS 5 FTH U EHE R 22 7] £38 47 B E A 7 MAS
EEEEA BAREGNIIRBH G A2 % ~ 7 B4 - BRIES - &
BT XER F2 8% Bl gL — T MAMEHEFEETREALE
it A EH MAS 772 AN RGE A2 Aot L 5] 5838 (5435 BE4T
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3.1.1 AHEX

3 SRS 1 ) AT B WO AR 0 A R KR LT RER A
WBRF Xk MR ERME BORFRBTOME > A RRM
EEFRALA ok THEER EBRER - TR KB A B E Sk
Ao EAFAEAREREIHLTA -

BB R BT ARE AR THILRRE ARG SRR 3
BE EAHMEREREEIHEBAZIVERFHALR  MEAHBERER
et hAA R EANPNEREFELEAARRIR  LEABTERE
EEAE A X AT ATy 0 3BT R R JE AR B B b AR X
FRAN—HREARXEFEARLERBE - EAEHMIETRFTREZIHER
(well-defined) » BTHM EZ 2 HER ETMABEKMEE > LR LR MR
FAAEKRE S FTHEZEER - AT EXHNE P2 HEHIETK
B HAGBFARBELERGERE  HHE L HETHRE TN #
H—RE TR AMEAETHRETREL -

AT XA AR EEE TR NEAGAA T S ag M
b REEANFZAAHE AT T BN S BBB TR EERERN
RS B AR [BX%,199]  BARLAKRBME X nER B H X [B AR
BB PN B ERACAHZL T BEBEEZAITAER -

312 HXALEX

PEERZZEIN BT ER REZFERAN KRB R RIEFHER &
R BHHBER » URAIE2ME AL T T LERIUEMFT > KRAAKER
RERBETAFRSGHERENT L wROART AR - BRI T2 0-1
BE] > BHREMLE] ~ BHIRE] ~ AR E R ~ 0-1 BB BB %8 Bk AP
BREBE.FEE DHBRAERARARK M B AR KB BITRAEILRA-

RAECEXAEZZSH L ER FH7| £05% & - 7| 23E/TH -~ 5| #K 8
BREARLRARE FRALTZRAES  Fllod| 2 EREMIEMF
BATHRAIS ZE04F ~ S 4 B TARBER] LR~ 2| £ BERF]... % > A7 &
ETH R RRRRAZMER S AIFZERA—EHE - EARBILHT
ERUB R E R 2 AL I B2 SR REATZ Y B A AR AR
FoOURBERBRELEIRE -

B 4 E 7] £ B8 E L A iR T4 70 R {242 A SRR K o
SHERRIBFEZEBRRASIETORE S HNEE 81 £ £H%F
REETHEHLBEHILERAZAR - £ HEHR S @ F3H 5 (K 80)

45



A Fortran 3% % 4 & Super501 EASHFIEAL X 5 TREURF (K 83) R4 — E A4
HEBEZZGNTFMH- FF > RAHRZFEMAR ) EER LI B RS
#,2](Mathematical Programming)4 X, )4 KA & b2 5| & 055 & > K k2
BAGUAERE M AF REXILR A R3P 028K KBRS HREE K
(Heuristic)#g7% > R AR —E g R H RiEMHE -

9% Jovanovic and Harker(1991)4£ 3 B 4p fu 45 4209 7)) EHEEAE KX, 5
Carey and Lockwood(1994)$k F $t 2245 X Ao/ B 7k R AR sL R 22 - £ F Carey
B AEAPERAN TR EIRLGE ~ 53 Fnh & -

Jovanovic(1989)# 4% J & M i A % $47 $] 4% K (non-linear mixed integer
programming model) F LA A% 5 7] 2487 R P78 o

BERIHK

@J'%‘/&ﬁ’:‘i%éi%/%ﬁ%?aﬁzﬁiigﬁgiﬁ]%,b
# X

BERHEERA X7 EF SR T EEHH TR

vVivim[v

WEAT B ) IR K- 8- 7 2 & X & & LA (meet point-to-meet point) &9 47 4%
05 Pl o2 ZA AR )

A\

i 4 B AT 0 B AR R -9 2 47 0 SR A 8 B AR L

> B #E(following) 148 # (overtaking) MR #| X, -5 & v £ f] 8E & 50y 0 B A%
38 (sidetrack) 7% A 4% A6 F > DA A% 1% & 9] DI A AZARAT £

» & E(meeting)[RH| X -FRHEI | B EEABLERUR B LS TEE

FAHRIR ¢ A KA

GHEXEEANE - HRREE SRR I NIENEREFEH
Al @ik AR 32 o 4 B AR RIS B -

PR (K, 83)%#% Jovanovic Z JE&R MRS EMEER - A KER
BIEAEE T RAHER 7] B R ey B K o

BAR&#K

iR 5 B 8 B BT JE 35 A A B 4838 TR AR
L

BERHEERA K7 EF SR T EEHBHER

vivim[v

FEAT B Fa] PR K- & 2] B 2] 3 36 04 B Rl 3 RO AT — 36 69 77 B B Rl o
b B3 R oY N 3E AT B R

A\

NP F R FR$1- 8- 2 A2 B 3b 0945 F 0 R N 1R SEsb g Bl iz
e B By o]

> REEATER R R A2 B AT LA EE LR LRGN

> WRESBERFX-#ETHEMEAR ] BREFHELZFHER
AT {B 4% 9T LI A AR ARAT B
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> b B R A AR R 3E P9 P B BORAF K35 9 ) i #

FOHARIR ¢ A A5

WX SRR ESR AR EEREITHE > I EAFARE a5 M B
W BEREIIARF K P AR EHER - B PRERRBE AR LRI &
R B A RE > LI EERXEARF I EEAG S
oo ARG RATARZOEAE I LR - N REER F G AMIER
Hbis At X BNE A RAETAEE LR L AUFKFT @RR > AL
ALEELEEELEEERBRIZERETRA > BEARAS -

Higgins(1996)# Z JFsp MR A2 HMAB X > HHEQRERM > KkIE7 &
R B RAER AT EFIN A TREE -

BERIHK

> %J'%‘é3&7%5%?3?%9511.?%3%5241%%,]\
mo# X

> R RIRE R b 2 B RJA A AT 4K B vb 2 0% R B Ao bR & 9E Bk (safety
headway)

BEZREGMAANEZ R LM AN LA MEE

7| BB TACATER PR R
7B L ERIBHFESERRGRT

V| V|V

HAHRIR ¢ AR AT

—HREBRZBEF BEF BT RARKBREEFBZ I ARB AT L2
R 2R T R A TR FRE R FEAE L > M BB ERA o %
B RARARGL k2 ARG B hst AR A RFPERR &
TR Wb R R R PR EREE > mMAEX AT AL RMEY
Bzl &k BIMRTHEHEQERBETHEAZIEE AL ELERRAE
ZRAEMmBE R BEH.. ERERF BLATHEXHA TR -
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313 HEEEX

BEEXANER TN FTRZIT L B TIHRATE X R AF RS H
MANEZRBLBAREELE S G BB AT L HAERIEA S £ B Y
NHMEREXHE  cBEBREXEFFR ST ERETAAN > ETHBILETF A
Yo HHEGHETHRESN A EEPENEETEZIRF -

FIRAEEAT S P E 2 i AR B REZFIEPIT X - HF 7] E0
BEXEMBEMTEEIR FREELREH - BE - RE BN FLHA4N
@ BATR N ZARAS ZEENFELE T E R B M N
BHEZ B K S ARSI AT FTH L A RE AN BLATH L
kT e ey Z R -

T o Ao R $A ¢ B4 X (Discrete  Simulation) #2 i 4 2 X
(Continuous Simulation) - & #5482 ¥ X # A& F # ¥ & & # (Discrete
Event-Orientation Simulation) » i 4% A2 %% X VT #% % 85 R 47 3 £ #% (Continuous
Time Scanning Simulation) » #, % 2% 3% ; Leilich[1998]33 & F 4 & ) 2 834
BERE G iR ANAE » RIESE - REHAE -

AR Z BARANEE— AR AT B2 E TR0 B st pE 4
By X MY AN ARBAGEZEHM MR $HARBEETLINEL
BERFHEGERRINELERET T £ E RE - FIERE..... %
B0 B bl B R AR B AT R R 0 &P R AT AR AR

HABBEABTES R RS AAMEBARB G 252 F R LB
%o BEEERRENREFHNFRZIBE  EFRBY > A EANBTEXZ
HREE BIEAETRIEAZ SR o B LB FARBATRARZE ZRAMR > W
A BN 2 B & LR 3E o (R A B X AT ARG AT SRR 2 PR
BAARBEETRRAZAE #£dh 5 REBRAFT EEEI I LB EEEN
TEAAZGHEARMEN EEZERAZ AL B BEEX EXFE —&iE
MoETHATEAEAL 28 EZEBEEE FRIAKIRAEBE R
B IE BT ] ~ AR B FATOFR] ~ ARATER R - BEEM RN FE > KRS
PRAE B8 #1138 B F (capacity) /F A S 8 B 2RI A HiE L5 FATER
& RITAERBES T > FARERB X RN ETEMG BB AEM
B REBI R RBEREX LR BHEBI EHIFE I EHFURFE
O TANEERZIRASZE - k3.1 AME R EEBE X B BEEE
}; o

48



*31 #HEFeHEBEEFEEHE—F X
g B/ | FE | #8 R|ERAEKX F BRI
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) P F || F K 4o A, f 7] BIE 4TI
R385
i) 3
By EERG
AB RATP | & | % | k4o | T | £ K 4u o BB RADARAEEZ
RAEILRE
ke B DA E
T | B 5T | EH | T %o
3% B = % wor K -
- N _
Chang b3 Ko | BER | B k& 4o 5 5 R EAT
A5 5] E AL R B R
sh | Hill &Y: % % % 1 % %o
i ates | £ | % | & | FH X ES YT IS
4 TPS s ATP &
X | Mckay, e o
John& x| % & | B | &£ | Fortran ATO i > .7 .44
BEMWMSLSETRK
Dawson o
)P-%k /
BT RN
Hill & EFofEAET > 7
i
Bond x| % x| EH & k%o BIEITHRE S I
#E P E R
gE o
EEBEAMINE
Goodman, SFATHBE UK 874
a & a a a
Su&Ho || 2| R |RFIR] AR e s o
b o
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DB &2 T

L R HMY) B R

o S IO A T P

B | 55 S S 4

4% o

M Matlab | & & 71 £ & 48 847

R L . i~ 5] B R AT E

%X A5 A | REIA & Hh RG] B E
% Simulink | g, gy 45 42 X o

Borland 2K I BEITRE N

Bk | s M . T e e rsnsemE

WX AF| R mR)E)C EESR L BEH

Builder 5.0 o T TMSS #5 % 4 -

B RIR T AR R
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3.2

N

BEPEZRER S MAMK AN AT X 8EED 2 BBEN S
W RERBEREREMAF R L EBK AKX R KECEAESA &
REIBOREZ M BTV EVERRERIE BIERBATH e

L ug

BEXEESR  A—RIIHHERER T RAER 120 b N B AR
AARBNHE > EHEFEERREBRES > AR ER LTS BALES
o R AARHERERERA AN BEAEAREERTETHZ T A - B4
XA ERBAFTEEALLFTORE RERRAFELAKXKHNE —H %

HEEARANER > HbE FHETE > DA BEBREXNER -

B B E pl,

AR s KA - UBRBEBE R LA AR5 - AT X &t
BB X ENEEED A %2 AE K B L85 4a B JE & HE 25 P RE R 05 %)
ABREMRBZ A BABABEIARKBAREEART  AERETR
PEZ R BRERFZIVINESHAUBNEATREABRARGS P EF
MERSH A LTI IEBRABEEEN TTE  BUERAEHE TR
e HELNERREHRMAE > EMBEBEBALRE LIRE > NI &2 TERAL
WZE NG RRIE o Bk LA REFF R IR RE RN A RRAL 0 R
FTUKA > BHERATHMAEARI RBAERARBEREAEEZSLF -

BXER] PR EEZ LR TEEBRBEAZBEEARS BB A
GARRRES RASERELTEALLA ANAEEEIEZ SH S %
AEBRER  FARRRARARFARZ T iEH -

TR R~ RABAEX > URBBREA=ZF ZELES LB &R 32 AT °

£32 HEEESMH AT ERILEK

ARATHE R AR K AR X
& BN E b P %
AE AR & P =
# X E A $E 5 AL PR & et~ HE R ERE
A A 15 = 8=
Rz AR 85 1E M L@ L@
A AR & ¥ =

BARHRIR T XKL
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FO¥ HEERF IS AR

“hHUAEFTHZEE BN LB BE A %R A8 B 2 57T 4540 5 1%
B EBEEFEHXRZIEEE AR KRR > BRAME X E e T R
A ERNR  BEREZHELAK TR EGNERANRL XL BEH
HMERREVEREZEN - REHOMT > FIENSRETE > FHRA
BOAHMHELAZIHEFT X AUNFI LB RAEEERZRALRL
TAHBMERBEERZ TERA AT AR RS TFALRL B hik
RIBB ML R AR EBAYENE R X R ERAR L5654 K
MEH —ERERF FERF A AKX -

41 P EEETHRREEE TR

AHPPEEMZEBEER R T  BFAAREZZREZ o & UK
EBRYToEEZ—RITEXA !

T
C_fmax_h_ (41)

A+ C ' %2 (TU/day)
S+ KSR F(TU/day)
T : &5 AR(s)
P+ B NEF ] o] F2(S)

BXBRR — BB BFEAATHARCR T EXI W EEAREE &
ARSI EA o ZRSE > REMREM  wk 41 Fiow o

41 REPEZIZARZFREH

Ek | BFRIEM | BRSAEE | BEER
B SR AR A B PR rE
R B 47 T
FE F LR . 45(fa )
I 1R BE 5| &

B4 26 g7

48 B%

B ARR ¢ BRI
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(1) E ikt

U A S E BT o A TR a R T R T IR =
o AR EBFMHBHPETEREEIRZIPE -

(2) B B A

PEARZFNMEMR— UBEERE > SAHHULTHRELRL  an
Hyrgbss > RRFM4 > A E AR REERM s RILKSUNERAER
EOM LM EL ML ¥ RIBIREEE > b RERRRK > B
itEERAT REESE AL A AER EFERIFEL THAIRIE
FTERM AR EEEAAERET > URFBREAZIPNERE ©

(3) R S#2

PEEER A S TR S F B O3B & (wvay) ~ B4 (line) © R B 3b
(station) - BB AR A B Z MIZBEER > A EEBZPE  BRAREEK
HEEBG > FHESZIZENAFTE  —hBGE LS S EBEK F/\TJ—_
WEFZ R SEEI ) ERGE @ E o B 45 3R 4747 8 25 (Junction) & 37 iR
(turn-back) — ff 9 A #F ©

4) ZRE A

B RE 2 B R 5T A %k % (passengers) ~ FAfir(passenger spaces ° &35 &
BLRIEAL) S Edm(ha) s P&~ B R-EH - YR e EL2 4% FEEUR
ERRMMAZREM AL ERX ZEMAE 74 HEFE MEREB LK
mARESE > FE - Fb@§35A 7 Z3(TUM A Z R E 4 siEt R 2R A
REHSZBARELAEERBERZEEEL -
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411 zZ#AzHk

FEZ—MAEERSL T AEBETHEAT 0 B NS RBERBSR
F-BE B R REWF A 0 bR ATHE 09 E 8y B 1 (Transit Unit) 7] 2% %
BNE PR RITEEEAEREEW T B EWIR G ATHE 6y E 5
Bl HAE o 0 AARKILER > RREEL T BRI A EEE
WA RAIEH c RBFEUALEE > RARFEHLAFEREFNFRE
BT A
(1)3% 4 % & (Line capacity) : A€ E @B E TEMRAEE [, ° AE
A IR a9 fE| B 0 18 F EEE B R R 5 A IR BE h, (Way headway) #2 & 35 3)E 3F
[, (station headway) - 442 JEPE £ R H LTI IEIE - B H A H EWHMA
R BE fn >h e BHRBRESAXA

;o 3600 3600
max g Max(h i, 1 i)

min

4.2)

(2)# #m#% &7 % 2 (Vehicle line capacity) * #3518 18 Bl T Z593A % » Bk &8 %
ERAGEREM Y EEHIE 0 U c KT o Blho B3] £ d N &6 £ Frig
o RlEmBERES:

c=f. XN (4.3)

(3)F& A 324 ¥ 4% 7% 2 (Maximum offered line capacity) © 2 %42 & 55 % {31 0% F4]
At B R REH > WEMBRE T RUABFEARAREA > AFRC

C=cC, = f. xNc, =200NC,

14

(4.4)

(4) & KA A #% 4 % & (Maximum utilize line capacity)Cp: & 5~ B 515 LT AT AE
BB B R RAREE N RELTEMABRE > RERTRAR
REFEFEHRREE > ATALC, <C-

(5)HE 32 2& 4% % & (Scheduled line capacity)C, @ 1K BB HF € 2 JE R FEF0F > 3842
L@@ —E R AREE  BFC, <C-

PEEHZBE RS TRAIIEYEE MPEXF AN R 22 ELR
Fiob B HEAF Bl R R B 2 B RIBF R R 2R -
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412 BEFETHEH

WA T MAS BN L P ERETHEAZ T @ BREHE - R
AR BAEHIEM « B4 ABRARCT - ETHRE - BEFE %R
RARFREFE SR T b B 71 BRI~ &3] ) ~
FREG(EMEE ~ £F1%) - RBHFHGIEBEFTX - AsERE=
5 AR RIT 5 B B REEGT AT X SRR T K

AR Z P EE RSN CHABRBEF LT R EWG R EmHRES
S YRR EE TP CEEE VO S
ARAZBALGHREZF| L EEE R TH LA EHEF IR FRER
HMBEBET AR RAP 2ERSRRGE U IR L7 2 ER T R
2o B HXAER TR THEI| EALLE o

Z B E R A MY 2 5] B4 IR R L4538 35 % 2 9596 (Signal
Close-in Time) ~ 4% 36 8% i (Dwell Time) & #% % &5 4 (Waiting Time) ~ X & 4% &
18 % 9% [ (Time Lost due to Meeting or Overtaking) > A& 3 & & #5 0% [
(Operating Margin) 3£ 9 3f 45 » B 4.1 B#E S & o4 ZHHk

55



\ ERE K \
HwE(RMRE

(R M) B 05 R A 45 1
MR &E B K

- s NERAZEENNRE
S

/// | %@
B ‘ ‘ SIE N+ ‘ ‘ B4 ‘
SEEBE BB ER T X 7] % % 5] e fE EEE LT
SRR A 615 E BB 5 B 5 oA
5 1 95 8 RARRE A
Mg AT G/ %) R REE i3
B4R B AT R B EC
% 44 TARE AL [ ame
AR RE FYy
IR BEAHE
B 36 4 W] B3 B K
ERANAERE
I
JET ST
P 1 2 1690 e
I E 2 % e
GESYE 2L A S s
HEEMZEE
F1 35 BB R R EH
ES ARSI to+t, 4ttt
DEIENYZ 2 BRES
?
v Y Y
e YT T
RUENEFRIR SR B K
By R REE

=5

B 4.1 #EEESHEHE
AR RIR C XKL R A5 A 3R

HRERESH ERETELE B EF L ERGRIPER T BN RE
EHHRALTFRBRAHF R EHSFRZIBYE -
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42 6 BEE B

SHARANRTERERZMEERH LM BN ERRS BER% - B
BHGRS RILAR T LA E Bz —fmA®E  Fie R AR -
U AHH 4 8 IR B3t B 2 B B £ ho SURIE SR 2 ok A XA 2
24 -

421 SEHEIRAKSHE

1. BERIBBLIRAF

() BHHRSHEREHN > RERLHFER - LRE - HBHR L
BRAHEBRER -

QHREMLAGEERERIAG RASKAAKENF|IEEAL
ITB)AE > o RRAEERER -

Q) B ARA%EAH-BEXAS—RRAAS(REER)=KE » R@Flex
AEEXARERD S Wkl » KRB ALRAREHRE S AR S
BIHEELZE S HEARRAA ERIRE  R—B5XA SHRE -

(4) FIbIE& S N E o

B) EimAMWMBREMA S ERGLRIEES (G X K)o 543
BIRER A PR T E B ER -

(6) BHRMETESL 2KV REZH/MAE > F TR 40km > & &
B4 F AT 1% 20km @9 E -

2. BImITMIEA

(1) 687 22 3 K A RIRP&P £)2 130km/h &Rk K2 ERE -
BIRAI A 100km/h » @ EHERZHRAKEERE A 110km/h -

Q) N BYEEE S > EsE R E B ERAENEwE
K 554 F -

B 38 3% Yk | BaypdE
RBH A 3R L
(km/h/s) 1.25 0.98 1.88
AR F ik B
(km/h/s) 2.00 1.50 2.50
3) FREMFEF QLA A 111> L T B3 -
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4) B&IE BT ERMEES T B IR
SATEE  BREFIEERE O ABELTR @Y EEmEEHR" —
FIH 0 RV BRI AL NE I ER S A PEERE Bk
A AREZ AR E > BEPIR AT EFIRBERRIK

G Ae&TABASL  FAN—RREAZEALRRETIE -
(6) EABIF IR A o T £ AT

W E B AR B LB (WA P || H|F| |||
NI VRS - B> N E - I I R R I/ PN I =3 I B = B B (W
A sk | wx sk | wx ®k w3k #k
7%
B | | e | e | | | o | s %% % %%
jE
B s | o | o | e | s sk | w3k sk sk sk |
#
B

BRHRIR ¢ AR AR

3.

YE KA

(1) 7] &= h ) 4% B AR BRI SE M 2 I AR AA T H X IEH 0 7]
%A ATS/IATW R BEEIEF| R E -

Q) MEFAKETAHHE AP RATEF SH ALK -
Q) MERA BB =M EFHET -

4 MERMZRERAEBMAFMA— > —##H % 1.5km~2.5km >
*E Eﬁaz%’ﬁg@Faﬁ%}g;}%iﬁﬂq;ﬁ%ﬁa—ﬁéﬁzﬁiﬁ o
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422 &BETTHZHAHEA

AR AT XAE X G871 LA 2 ) AR X2 0d o HMER R
BAABROGTE > ARERZEZIAH - AFHRE " DB X MR-
A RTERAZBEIN(—) ) (FRBAP TR RBIFERA > RE
AtwWFLR) tHRMNEEEX —KEAXALREMER GHEE
W Z IR K o

4221 EMBEEXE

LBATSHBTHERZERAXAES BB EEZ AKX HILIE oA
B DR MEREZ R EF K ¢

C= 86400 “n

X5 (4.5)
£ 0 C=E M &y i # 42 % 8 (TU/day)
86400=— B x 8% [ (sec)
h=%| % ¥ fx /) 3 3 B [ (sec)
n, =¥ 4% B8
6 =B RANH F
UTH ABRAREERERSE  TAER"H ARNEM AREER

BHEZNEE S BREMEHRARREBRET -

4222 FHNERFRB

Hob b= ATA R e P B 2 N E R (sec)
T, =538 3% 352 & B 2B (sec)
1,=% £ 7% B 48 % 85 R (sec)
t, =& 8% TS 05 F) (sec)
KPHATERIE] ~ jZAFAIRERLFIE - FBEFMRELTH

BERI o oA K AR 5] R S N IG - Ho AT R R 2 NI i R

59



REZ 7 EwbRER G X MAR-FH2H X KR BEH A o -F3
AR RIR T R DEREE 0 FARREFFLSFNEETERENZIR
INEREEIR e A BB AR LB A E > R EREARE RIRE &N E@eTE -

4.2.2.3 ABEABHZIHE

SHIEETABRESRINERESERIN B ABBTF T UIEHER
TR EBIATAELEANBN LAV HER AN GEESERT
B BRI HERY BB S B AL S| BB R o

7| RAFREIER

51 2 54T B R B A VAT 14 91 B e ) — B LB AT 4 R R 8
P24 EEMERTE ARG BT E B RMG LTS R
B PR P A ATEE > B AT EHE 0 B 42 AT -

£358 i
D
#EA
B 42 7| &1FEEHT &
FATYE jRFRMAEZIERS !
TW:(L_AJM .
Vi

Hob o T =3 2B AFRATE A 6L TR
v s v =Pl B IR 0y, >,
x=F| ek > 0<x<D
D= 35 2[4 69 BB &
T =#R AR LT IE

B R (3.46)7T 4o > F| Z 2 fF@rae ik 6,45 £ RAF B X 4% 0538 &
1

1 1 1
P_—}&%%%éﬁﬁn’ﬁﬁﬁﬁ%%émTpﬂ—}%%%o
V. V. V. V.

J ! J !

mAF R R SR A B ILRAS K E @ T BT £ Rob &
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BR o FEEHEAH0EDHGHER > BT RFGFRGFHZHEMES !

1 1|D 1
——_[0 (———i) xdx —(Z—V—JE—E(Q—E) (4.8)

B =5 BiFwpT A A MY IE R
1=18 3k 5 B j 2 b R R
t=WRiR B B 2 vk P S 9 0

EHRE ARRIEIFHERRIE o AAFBEBERESD-—x > Fok
BAR% &RELEFEAR  BERRF EERZBFRHMBAEARE - BT
DBHEE R EX i~ JERKARRIIE 0 AT F) E A ER K R B
EL PN

1
1, = E‘tj — t,.‘ (4.9)
| F 2 SE TR B AT AT B AT EARF ST ZERR — Fldw

B 437 dfss AXBBEAIRI RERGRET >S4 P55 B 22
RIAT R &R AL —1 > RLPHERGERAT +1, =T +(,—1)/2 °

‘ L=
2358 ;

.
T t

K i

B 43 7| 2@Emebn] b iieig AT EE
4.2.2.4 8 RN LER Y3

B IRGERRT ~ B SR PR A ERBRE L ASHE KL
BRETHBRITERREE R LBANEETHEP W EERE
B RN ] RIEHEERG 0 AELF P B E FRE T AATEE X F R 0 4355 BiE
ATt E 2 R BAEATAL -

ERUBEE X T #AT S R AR N ERFfax »h > EiF
BRE—AHEZ M LURE RIS z@ﬁam R AR Z AT K KR
Bl B LA R st Bl 2 N E B[R s DR P BIEATHER o
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R HAARETE T 2 RET XRE
I R&EERAE AT

() ARHAE S FMLERES 20 £ B RHRRIEE 2FEZ L
E%—Fa‘i:%t% 10 7 -

() A FH R B NEH B IRILA E - KA A BT 2 R
VR Z ST F AR LS SiE B K Y 2 A AR A AL K
BER2 £ B AER TSR o

2. ¥zt E

BT EZ MR BN DFERA B E 4 2 82 b
A R ARAZ ER TR TR EEAZEE B

t, =PI, (4.10)
Hd oo, =B TR (sec)
T, =#R.58 9% 25 85 [&(sec)
B =3E 38 TA5 85 Fd] t4 3

AR PRI LS EXBUAL TR R E IS
HRBUGRM SR 2 A SRR AR T RE R LI BT R EHRB
HABZEAMEFMEAE FHE; ICCodes 405 AX P RBERZ LEL
0.67 > THEANEL% > Ml ' BEREAR-SBART ERKAZEHII
(—) R TARGHERTHFHARZI X ZRER TGRS
A 03535 -

4.2.2.5 4R ERFRZITE

BONERBSIRZ AR SRR ANIE S P E R e gk
Rl > BRERR TASEFR ¢

h, =T, +1,+1, (4.11)

B h=AT5 R 15 EE 5] R j 2 5] E 0B (sec)
T, =5R.38 3% 35 22 2 B FE(sec)
=% £ X & FF 848 K B R (sec)
t, =3E 3% TAS 85 [ (sec)

HEREIN B2 REERFR — M K BRARSFRKERERET
Al NERFRRL AT E R E > FRERBERZERER
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1. SleExBAERZIBE

HE—EANn IR REFE R AATII RO S EH T 2 2 Bty X
Aniitas BTASAE SRS Laka g RLIRERI L2 E
BB EMEE IR TR X (5.2)3F HARE] o AT B2 3
R R O BRI R 5] RS 2 AR R R A R ko
AR 2 €7 E B Fa AR R -

(1) Bz & &40

h=2 h;Xp, (4.12)
H o =P N EHEFR(sec)
h;=%] % j SR 5] B i 2 5] E R (sec)
p, =91 jRKEF| H i 248 HHHA 5 (T o 05 2 R 43t £49)

(2) Bz & KR40

hzz%xmzz@m Zhrzn (4.13)

Rk =307 52 B85 $H(TU)
n=% j 9] £ 2 %5 £ (TU)
n=3"n =448 5] 5 3 (TU)

2. RIAKBERZIYE

—HEABFIREANZIER T ARRERR T mEER)RERE
?éi}(ﬂ FeiEe) e A RZIARYZABEL TATHE » REEARBEGLE
#o MR ER PR NERRE/ N R ERER PR ER
B R - B ER AR TR D ERFRZ T EoT

h=p.h, (4.14)
B h=TF3 5K N EEEEE(sec)

h,=F] 7 &) 5| & 48 & 2 T34 5 ) B Fa(sec)

p =Rl F & Ess| £ A2 kL)

4.2.2.6 FRFABRNEFINEREZ VY

HAEHMNER LT FREM ARSI ERER— By £ &
WF[a A% E) o BAT X AT40 > B FRSAZ RIS AN EX o XaNE/
AGER > FILRBEZ IR ARIER TRE AN IR & E35 0 AT AT
% B3| Bk £ 2 KE) MR EZIREFIE I ANL o
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L RATHIERBEANRREHRT

FATII R B RNREEHT ERFT > F & H BB PRFR
éﬁ% A ERBEPHREEMIEERELERERTHE  RLBERE
BAFNBER > AL T EE A 5 Bk 2 SEsE iR A05IE -

B 4.4 F > B3h A B 0 235 B AF|E ""‘%ﬁ—ib'lii?‘lﬁ
I EE A R (EF IR — BB IRIENRIE » BRI R I H R
THEyh > AAERNBRTREEEER - KR ETEE%

T.=T/, (4.15)

He o T —ﬁfuﬁ Z SE 3T EE(sec)
25 B vk 2 B vk 5% 35 85 36 (sec)

£ % B

¥ A
* b W

Ts,D
B 4.4 SRATIIERE RKNILEEEH I B 2 R IAIRIERFIE
2. RATHIRBE PN BRKRERT

FRATII R R BB G E0F > Al AR ME®RE > AT R
B Re@ikia By Eie o HybbR BRI R Evb 2 220506
AAGRERBRPBAREBREAEHR -

EEAS5 ¥ ATy EiREEN B AR B—KENIEE
BEEE > A 4R X R DB B TIKE > THSEHER P2 24 o &
FRSARIEATIE S ¢
T.=T°, (4.16)

H b T =#R3A 2 5% 35 85 86 (sec)
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T>

$ 3B —
l J
B 35A
B 4.5  ARATHIRRE R SEH T E 2 ARER IR IE

3. AFFIEREENBREHRI B
TRATI| BRI GEM I B2 R EAE R BRI ENER — €8
AN S E R A IENE AR B 2 AR o F b 4R E R KIEERSIE A K AR

SRR Z IR IEEREE 0 Bp
(4.17)

TY = max (TYI,AD ’ TV,BA )
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43 BEEAZHEE

AT A AR A AR BB RSN HESHI EEBER cTRAR
Flajgiest MEZBEI RERMAER FTH BRI HE ~ g PEE R
B R ifur e EREMABBEXTEE AGESAHUT =N
B TAT RS AR 0 RIS B fokak T P RPEE ) A ARSI
N#EAE R AR 28 T 7| 288 | #RP| RMIE > FIFERLEA
RT AEZERALZADEMEAXRENRE 7 LETHEH > AN

B 8 B M EAT R AR

431 fTEHHE

V. =V +dtxa, (4.18)
EE) 2 A RIERE N XA A X ik)
S . =S + % V. +V, )xdt (4.19)
V iRE
a ()i K
dt : E%‘Fa‘ji‘gé‘
S A
9 AR 0 T AR R Z AR
i . 2
s =5 4 YeaizVo) O, 7V,) (4.20)
a, 2a,
V.-V
t, =1, =" (4.21)
an
GRS EEHS > (5,<S<S,,) THH e &R E
V=V +25-S5,)a, (4.22)

4311 BHREEHFIEmRREEZLE

SEER T ERT LN Y BB RERCEEI B2 ik

B T KAt :

M ,a(0)— Mg G

a(G) = 1000 _ a(0)

M

e
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HFa(G)=F A E Gl bk B (m/s”)
M ,=pM Bp 5| & 2 % 3 % & (Equivalent Mass)
P=%KEEHHE AT EEHERTY BT B > LR
KR EZEBE Z
M =%) & 4 %8 % & (kg)
g=% /1 hoik B (m/s?) > g=9.81 m/s’
G =#83% 7 (*/oo)

G BHEp — BN 1.04~1.10 28 - Sk 2 &3] 25 23R
1.06 > TR EEKA 1.088 - ZHEXE I p RENWRE g RAKN4.23)
AT R ARAIT -

a(G) = a(0) —0.009G (4.24)
EHRRE > BN EZEAAER > AT X RETF !

b(G) = b(0) +0.009G (4.25)

4312 HBAGBHEHIIEwRREEZITE

FB 4.6 F 0 FH BATEFGER > ANMBMARI YR > Rt S E
BNtk ERE > & AMBE O RRQZES ~ B XE L5 278N
GErEE S A AR A IMIER M g E A EREER UL
CRAEAGEMAZFE - BIEBKEER > RGN MIER EFE
BEREFRRERR LA ERGERIZER -

NEBHILXH B EZLEEERRAEARMNGER) XX

5

4.6 GEMEATEE

_1000u(G + L) W

T,(v,r) 2y

(4.26)

T, (v,r) - #3&ra A (kg/ton)
LT B e AR Bh 2 B R A5 B
G : #FE(m)

L : Bl 2 #h¥E(m)

y & F 42 (m)

W : 7] % € = (ton)
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Q :ARemy

R : #4¢wrah
1
G B FI R TR 4 =+ G=1067  L=43 T4 :
lOOOxglfx(L0674—43)
T.(v.r)= 4.5 W
2y
T, (v, r)—@xW 4.27)
4

LthP%j'\ﬂﬁﬁzh%nz*’*:EFﬁj] FENK S R R B ERFE
BN SEE BE ARG BN -

SRR RARBH B R FLA K42 2RI

k42 BBRR K

th 4 ¥ 12 | B ik MR (km/h)
900 125
800 120
700 110
600 100
500 90
450 85
400 80
350 75
300 70
250 65
225 60
200 55
150 50
125 45

100 24 F 40
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432 FEHeE

BN LTI ENEAATIN E AL L PHBEZ M AN -HBITEHA
— 33| £ il FABAR S — R 6 T E o 4 EARFLBER — RS EF B
Fbs 22T ARG HEANEN T B EHBA FURBH B2 BE - FH
HHEME - FORE FHHREEABEEN N ERBFZRERFEF
Rl o £ XBK (9) & E TFHMA -

FFHEILEA -
M CRMELS AT MAERE c THENOEEEL(SA 1 k)
éﬂ%ﬁ@z@iw ¥ BB ER A TR 0 B AL stop]" £
P EFRREBZEL  c AN RBREAES TREBSG > it d
bEHHEHRFRHE > LETREMN m 28 m+l X BEE
%ﬁﬁm
'%Tﬂﬁ
v ﬁ‘Jﬁlfhﬁka’_éﬁﬁ%ﬁﬁ?LF&z
Ve plE i fe el m Eag TR R R
A F B 4 Bk m by R ME s B R
S" ot FIE Q4 E3E m R A4S0k R
ini, * P& i feE Bk 2 xR B R
ni R e &0 g 4 BB B vk m AT AR 6Y D B R R BE
yi R @ FlE i A B m AT E AR 6 iR B R R BE
¢ — AR EH
a' tF|EikiEBE megEFR 0 @20 > Viel,me M
PP R RN m ey 0 d"20 0 Viel,bme M

O-1 88 © &om 7 £ H#ph$had 2 48 A A5 0L A B AR A 28
stop * 1> IR i FE R m: 0 718 i RFFE£35 m(Fp 35 m i@ i@s)
bt 1> El@p|&itky| £ j P4 R hE m;

0> ARFEj&FI i FRASKEM: b'e{0l} VijelmeM

UNTFTHRBEEEATBH=ZH LE—7ERH X 2. R HERT] ERHK
BEEE= S BRHBIRX, 0 N BT
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1L E—Z| 2R $HHE S 2B LR BN 24T BRSF] o

Rl (DX & RAENR LT ERN E3E N Z B BAFHEAT B
d" > a" + stop" X A" Viel,me M (1)

RH RXQ)Z A ELANH L] B B i2sb i AR B R T2 LR
S" > FRERTHERERATER I BN B2 05 M 2E % 0 Atk
REREAEBEY/ ik d)| & o

d" <a" +stop" xS!" Vie I,me M ()
UTRRFARXZERAHRFIEETRREREERBEZ L TR
Vo oxa —Vee xd"™ 2" Viel,me M 3)
Vi xa Ve xd"™' <" Viel,me M 4)

N B R A T 2] B BRI A KA R E A B0k
FedL A BEER 0 URFIRO)ETZ
d" >ini Viel (5)

2. A E 7 EREL S H BRI EABE R BN ZATHRE]  RAR

BT AZ R o b B A IEHIEE AR 0- 1 S a2 B

B Rl@mdy £R4A - BAMER ORI EAETBE T > Ry HLALH
—RZEEITH

b <b"! Vi, jel,i< jme M (6)

AdEH4E 2R 0-1 S B2 B4 -

b;’+b;;’:1 Vi,je I,me M (7)

B.F] & i 7] £ R 4]
E I E B FEER B3k m BF > 24T 5] £ 5B O d BB BT 0 & ) oL JA PR
B gyeF R RRR > ZE PR EBNIIEIR RID =1 EFILR
# b B 3 > BP b FRFI X R BARAT LY R A ©

d"2d} +n] —pxb] Vi, jel,i# j,me M (8)
FHEjRFEANEM M RATR @7 ERRFRNREERRY,
a™ 2a" +y - Pxb Vi,jel,i# jme M 9)

3. A=FlER#XL  HHEAM =7 EAE LR EENZATAHRB R4 E

ThHZIH - b— X EANPR R R EHEELEAZER -
-+ p(1-b)+P(1-bi) +a]" 2 d"!

Vi, jkeli#jzk.meM (10)

Bl = 5] 7R — R 3b R > oAk e T B o FREIXIEH k
FlELBAEF R R E )R —BEGML > HATABEM
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71k eSS

. Ak
\—/ Hi3Eim \—/ HEm ]
£ 35m mil
1 %

7] & ]

b =R REFIR RIIR R BABRTS
R LRI T K - A NPEH R > Bbb) - =14
by =Dy =1 R TR BRI > &Rk T
By =B+ (B~ <1 Vi, jke Li< j<k,meM (11

Rl 9 87 & A 4 0 ] AR 06 Bl B R 2 9] A AL R
FFE > FUTFEETASL > F@R A =7 £45 A £ 26N $hiE
B bfSek ERHI K B35 B i m5E ] ARSI EkARE - ER
CHATEZHEW SHBEZ R KT

m+1

m+2

(by —by* )+ (b —by" <1 Vi, jkeli<j<kmeM  (12)
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43.3 7| RFET

7| BIEATAAR A BRI EE Y R BB AF 0 7| RETRHAL R
RIS~ AT RN 5 RAER « SRR A BT B B
B R R (PP b B~ RMRERIRIES TR ABE kLB
PR R AT 2 - R 0 U 47 R

——— = BWER e 40k AR
— = - BHABH  —— — — I REATII
IR 0,48

47 B3| 2ETHIE
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433.1 R{¥ZLHE

e AFIE I R RN A SR P B RN ER SR R £ B
BHZB AR HARGHZEE GBI U EZA=MKXFERLL A TAN
BLFHRLEIE ER4FEMAL BT ENT—SBLAAT AR
ZAEESH(—) ) AR N8 ZIRELDTIE > KSR EZ R & un
NEERX F o

BARASE B B P EAT BB TR LR AR (e s SR A
BHREBINIRG VEAHE I L2 2B ARFERY| L ARKE - b
AR Y o BAE EIRENBETHERA MU 222 EHMERE L)
fE o 2 M IREFEM EMABRKX P EE  HRALT

Pl EHBETITHRERD > B8RRI BFNE M AT IRE L
ATBeiBiG > B ARG PEE MBI BAR T EANESR > R
B/ BEX Z R - LT R ET AL R X R EMGTE - FARKE
Moy o BB R A — I — B RS X ERERRE AL -

BNREBE S E AN R R > REZAM B X AR L LHIE
HRAEE GBI S EA BT LR N ER T ERRBLITIES,
K> RELBE > HbBFUARTEEI EEEE2H X 3tH -
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1. F@7|fEERERLFIE-HAFIER — il

—%‘%V@{iﬁ 38 ‘fﬁéﬁk%‘tﬁj—%‘%/g ff#%ﬂﬁ‘?‘]—%‘/??g £
B RGN 0 LA BB R A 0 5T AT P Bk R B 25188 R
%ﬁéﬁ%‘é?ﬁ P BRI ERFRIRAGRE > EXIRFAR BN ENE MG

o B b B IR A R R B A SR T AT 0 12 4R BT BIAHF L
ﬁﬁ%iﬁﬂéﬁ%ﬁ%%i% 1B 3R R E B N E R E K
EMARR > HIbATE M| R EHGRTEZED &K -

RATH R PGEEHF| P ENS X 2R AT R R
BYEE 7T B F A &R

T , =t, +t +t +t, +t, (4.28)

s,

BT, =B — B 2 SR 205 E (sec)
t, =SAT 7] £ 2 A% B 05 ] (m/s)

FATII R FP LB E) 2 R 3835 25 5% 34K 64 B R (sec)

FATI B B ES A IRARE 0 MR ERFRIE Y

B (sec) » GHIEER A A4 DA E

t, =R ERE T B LA v, SE 64 B R (sec)

1, =R SR EHLT] F 2 it sb B 185 FH (sec)

o
II

ARGFE AATI EXIFHBFR A 0 £ BpbiT o L2447 5 LS
o AT, =0 0 SLEF X E S ETRRP B R IRIEEREE 0 ko FATOR

YES HAYEHT, (4.29)

B =R AR B R 2 OISR IIEE (sec)
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BN B BT RRBEM4 R HETRATEH  RIRE
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HoF o b, =14 45 36 He ) B 2 BRHS R E (m/s”)

b X AL T AR
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=t - BB 4.33)
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t, ==L (4.34)
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HEEEEXTHRIEZIFARDFELT !
2
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PRI RDITIE R N A TR AT R4 IR B EAERLE B4 B 12
7| BEIEEF[R A AT B4 B 2 B R E BHA R AT g8 E 2
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T, =(t,=1,)+1, +1, (4.36)

B T, ,,=7F B BRid i 3h 2 5535 R 2 B EE(sec)
L=RATH| L BBENH > BRE —REERE - REBHE - ST
B BB RS 0 BAR RIS el AR AE ¥ 0 R (sec)
t, =HATI| R & BB G E 0 F 2] 5] 45 0k 49 E 9 85 R (sec)
1, =t 4S8 9] B S0 AT A v, S 8 B R (sec)
1, =12 BB HEF] B 2 i b B B R (sec)
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WA E B 5 AR X E MR, o SURATI AR RIE B R SLB] D BERE s,

B | BRE D AR TR KX@E37HET -

2s, (4.37)

B E B YT BRI v, B R A

s, +B,+B +(B,—s_—5,)
t, = e e SR ° (4.38)
J V.
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R
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AT E oy ik BRI B F
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ST B B AR S v, S BRI 3t ko T
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B 48 BERAHMEINER2FMERTER
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BE N BIAT MENBZRE(L)A—RH S IES0 L 5k B R0
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2
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BNESEHHARALRAE T A HHRERRZI AR S AN LM
PEERE L my it~ ENESEATA T CHEREAREE T
EE s B2 MeRraEsl, AT MELREL, AN &
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é?,HS[%é EERARBRZ I EETR S B ER] ATRY EETHR)
st A BT e & Rk 52
% 52 B X 53E T-value £(1-1)
#nly 4k BE wAG B WA 74 Ht B
T-Value
0 6.358 9.191 13.578 18.986 22.867 27.259 35.456
£k |out| in |out| in |out | in | out | in | out | in | out | in | out | in | out
115(-0.1304(-0.2174|-0.1956|-0.3478|-0.3913|-0.3913|-0.6087|-0.3695|-0.3695|-0.4565|-0.4565|-0.2391|-0.2391 |-0.3478|-0.9347
56|-1.3043| 0.8695| 0.9999| 0.4130| 0.4130| 0.1304 —0.6087-
1025/-0.4348(-0.6087-0.6521|-0.5652|-0.5652|-0.6521|-1.3043|-1.4130|-1.4130|-1.4999|-1.4999|-1.5651|-1.5651|-1.7390|-1.7390
48-0.3261(-0.9782|-1.0869|-1.1521|-1.1521|-0.9999|-0.8043|-1.1304
2529|-0.4348|-0.6956|-1.2173|-0.6521|-0.6956|-0.5869|-0.6521|-0.9565|-0.9999|-1.1086|-1.4782|-1.6738|-2.1086|-0.9130|-1.1739
1027(-0.5655(-0.7595(-0.6069|-1.3213|-1.3213|-1.7011|-0.9992|-1.6707|-1.6707|-1.3199|-1.3199|-0.9695|-0.9695|-1.3015|-1.2352
2531/-0.5434/-0.0713|-1.1609| 0.0973| 0.0973|-0.1304|-0.1399|-0.0295|-0.0295| 1.3031| 1.3031| 1.0547| 1.0547| 0.8013| 0.8013
1054(-0.8695| 1.3912| 0.6521| 1.7608| 1.6086| 0.3695|-0.4565|-1.1956
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2P -

* 5.3 B 5 T-value & (I-2)

T-Valu 7 ¥ 5 LN i E M #a e #rdk A
e 41.395 45.345 51.141 55.192 62 67.682 73.815 78.625 84.475
g in out in out in out in out in out in out in out in out in
115] -0.5652| -0.5652| -1.0652| -1.7173| -0.5000| -0.5000| -0.3913| -0.3913| -0.5000| -0.5000| -0.5217| -0.5217| -0.4348| -0.4348| -0.9347| -0.9347| -0.9999
56
1025| -1.8695| -1.8695| -1.6303| -1.6303| -1.5434| -1.5434| -1.6956| -1.6956| -1.8260| -1.8260| -2.1521| -2.1521| -2.4999 —2.4999_
48
2529| -1.5651| -2.0216| -1.8912
1027 -2.0431| -2.0431| -1.4066| -1.0016| -1.7525| -1.7525| -0.6619| -0.6619| -1.7150| -1.7150| -0.6500| -0.6500| -1.5156| -1.5156| -0.1605| -0.1605| -1.6655
2531 -0.3193| -0.3193| 1.2482| 1.2482| 1.0954| 1.0954| 1.0218| 1.0218| 1.2444| 1.2444| 0.6130| 0.6130| -0.5749| -0.5749| -0.3696| -0.3696| -0.4148
1054
AT R WA 53 PTABBRT 1025 8 %K BRI L% 545 £ FBREIT
FELFE o tvalue B 1025 ERBHAIEMEMNIELE > BRI Y R2E KR
BERTAGHABRELRE > M 1025 FRMAMELHRZF R 7R it B &35 7] £IEH
RAEAEI RSB RIAE R B AR TR AL AT 5 1628 ¥
Prsb % 193 o R ST R B FI EIREE S 4R R B A THLHREBZ M-
& 5.4 At B T-value &(1-1)
TValue #b CE B $ WAS LIRS L % He
0 6.358 9.191 13.578 18.986 22.867 27.259 35.456
#£R |out| in |out| in |out | in |out | in |out | in | out | in | out | in | out
2726/ -1.7489] -1.6976 -1.1056| 0.9309| 0.9309] -1.6883| -1.6883| -0.4159| -0.4159| 0.1353| 0.1353| 0.4598| 0.4598-0.6643| -0.6643
37| -0.4565| -0.9357 -1.6099| -0.4706| -0.6228| -0.0324 -0.0324| -0.0199| 0.0888| -0.0133| -0.0133| 1.2755| 1.1668| 0.7665| 0.6579
58| -0.4782| 2.0651| 1.7608| 0.4565|-0.1304| 0.3043| 0.5434| 1.1521
2135/ -0.3478 -0.5666| -1.1318| -0.5036| -0.2645| -0.6388| -0.8562| 1.1343| 1.0691 -0.6868| -0.5564| -0.4178| -0.2656| 1.2844| 0.9584
2199 -0.3478] -0.4565| -0.5434| -0.6087| -0.4782| -0.2826/ -0.1087| 0.6521| 0.1739| 1.1086| -0.4565 -- 0.3478| -0.3043
1031|-0.6254| -0.5506 -1.4553 -0.5763| -0.5763| -1.6956| -1.7105| -1.2578| -1.2578| -2.0056| -2.0056 -0.9048| -0.9048| -0.5375| 0.7668
25|-1.8034| -1.3497| -0.1002| -0.3695| 0.0217| 0.0818|-1.3529] -0.8701| 0.4342|-1.0309| -1.0309| -0.5013| -0.5013| -1.8657| -0.5614
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% 5.5 B¥st K B T-value % (11-2)

7 3 ¥ I N i S M Ao ey #7db A
T-Value
41.395 45.345 51.141 55.192 62 67.682 73.815 78.625 84.475
% | in |out| in |out | in [out | in |out | in |out| in |out| in |out | in | out | in
2726/ -0.5989 -0.5989| -0.4306| -0.4306| -0.2436| -0.2436| -0.7255
37/ -1.4036 -1.4036| -1.0811| -0.7971 -0.2515| -0.2515| 1.1509| 1.8030| -1.1095| -1.1095| 0.1538| 0.1538| -0.3285| -0.3285| -0.6419| -0.6419] -1.3114
58
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2199] -0.3913 -0.6956| -0.2174| -0.1739
1031/ -0.6011| -0.6011| -1.3030{ 0.0013
25| -2.1730| 2.1730| -0.6162| 0.6881] -
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bR vh I RAF IR R] 0 BRI Gt R H H) £ 1031 A 3R BIEMUT > R
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Fég— MBERAXLXS
//SimuTrain ver 1.1
//by Liu, Song-han
#include<iomanip>

#include<iostream>
#include<math.h>

#define train_no 36
#define station_no 17

using namespace std;

float wuuu=0.35;//5EH8E T A (A8

float eeee=0.7;//FZHR I FHZR

float emergency=2.0;//Z% =&

float speed_factor=1;//7 B IRGH MERER T

[ R T 2 B s A R R Ak
float deceleration[4]={-0.555555556,-0.416666667,-0.416666667 ,-0.694444444 } ;//%| B3 {13 FE CET EEFE 1,2,3.4)
float acceleration[4]={0.347222222,0.272222222,0.272222222,0.522222222 };//5[EL A 155 FE CET FE B A 1,2,3.4)
float train_max_speed[4]={36.11111111,27.77777778,27.77777778,30.55555556 } ;//2% B fei s AR E

int train_start_time[train_no]; Y/ S o [— PN
bool train_task[train_no][station_no];//& 7| EEH | B (S uETF5--->38 AYNERfE
int train_priority[train_no]; J/ESE T RSN, - — >3H AYNE S

/*const*/ float train_deceleration|[train_no];// i B R 1Y G S [ 228 A

float speed_limit_envelop_final[4][1500][2];//35 R &35 FE AU AR (B A A BEA 1500 {EEF SR 2B

float station_stop_envelop_final[4][1500][2];/{5u5AT3E B A ARAEM (R K R EEA 1500 {EFFTIAGEEED)

int speed_limit_envelop_number[4][106];/f5H{ SR W 1B — TEA/ R IR @ AAG SR AR RS (1

int station_stop_envelop_number{4][station_no]={0} /LA BHEEEE —TEAE (S U A A SR AE I 2 /&

int count_template[55];/3 1 HAHE FLAK Hr B R E SR RS 2 A e

int train_next_station[train_no]={1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1} ///51[ 85 F —{E & B sE G AaE B 85 k)
int train_next_speed_section[train_no]={1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1 };//F & N —{E & FI 55 R &
int train_departure_time[train_no];//7 | (=55 HHEE R

int train_start_permutation[train_no);//Z5 EL/IE >

float station_not_stop_envelop_final[4][1500][ 2]/ ke b i o fE A A i (o R BB 1500 {ERFEIAG AR ES)

float train_long=250;

bool train_at_station[train_no]={1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1 } ;//F | EEAE IG5 5 1

int how_many_trains_in_station[station_no]={0}://5 S e

int train_final_station[train_no]={0};//Fif5 | EEAXBEVE

bool train_in_system|[train_no];/fi7 | EAE kK

float station_not_stop_point[4][station_no]://£5 B AME B HE R ARGRBE (R R 17 {EER sk 57 K8 H AEE)

float
curve[215]={0,800,0,-800,0,-1190,37.25,0,-2230,0,-1470,0,650,0,367,0,-605,0,735,0,780,0,-758,0,480,0,-580,0,-390,0,300,0,240,0,-300,0,-300,0,-120
0,0,375,0,300,0,-300,0,610,0,-401,0,-1250,0,500,0,-1600,0,-395,0,-800,0,571,0,400,0,-800,0,-2000,0,800,0,2500,0,360,0,-500,0,495,0,-1340,0,-962,0,1
200,0,1785,0,1136,0,800,0,-395,0,400,0,-400,0,395,0,500,0,-405,0,395,0,-410,0,950,0,-395,0,800,0,900,0,-1140,0,800,0,-1190,0,-850,0,1200,0,-1600,0
,-1000,0,-1600,0,1190,0,725,0,-1700,0,-800,0,760,0,-800,0,780,0,-780,0,1180,0,1087,0,1000,0,2500,0,800,0,900,0,-900,0,-800,0,770,0,-1000,0,-1200,
0,2000,0,-2000,0,-1162,0,-2500,0,2000,0,-2000,0,900,0,-800,0,-300,0,-400,0,-900,0,-460,0,340,0,540,0,2000,0,-2000,0,-800,0,850,0,850,0,800,0,-800,
0,-800,0,1600,0,0};

float
curve_distance[215]={0.00,0.0013,0.0557,0.0758,0.1299,0.5573,0.618,0.868,0.9852,1.235,1.4266,1.5563,1.9251,2.0844,2.41635,2.5363,3.1325,3.289
3,3.67195,3.82405,4.2867,4.4778,5.3349,5.5307,5.8963,5.9287,5.9483,5.9874,6.0898,6.1294,6.1444,6.175,6.5738,6.598,6.6468,6.6961,7.0756,7.1177,
8.1324,8.2128,8.30605,8.4614,8.48645,8.7519,9.3719,9.5808,10.1432,10.5143,11.0611,11.2544,13.3998,13.6821,14.64735,15.1432,15.7254,15.79,16.
86945,17.2466,17.5921,17.783,19.1127,19.2587,19.2887,19.4394,20.9882,21.127,21.3884,21.4133,21.6248,21.7876,22.0562,22.1524,22.32355,22.44
85,22.58595,22.95355,23.1203,23.2561,23.4664,23.5487,24.009,24.0942,24.191,24.2414,24.5341,24.6184,25.131025,25.3685,25.82635,26.3693,26 .4
705,27.3273,27.8264,27.95205,28.1764,28.3135,28.62825,29.10435,29.16965,29.863,30.24225,30.45465,30.83365,31.151,31.32255,31.82085,32.824
5,32.98995,34.338,34.83315,35.6099,35.6739,35.7514,35.8224,36.284,36.4679,37.3531,37.48245,38.5595,38.8661,39.13955,39.37215,39.9972,40.46
38,40.7551,40.8619,41.3945,41.6,41.7688,42.07705,43.2823,43.4706,44.0677,44.1824,45.2855,45.3761,45.5224,45.9088,46.778,46.9172,47.3622,47.
5081,47.895,48.2497,49.94485,50.2688,50.6184,50.6935,51.4002,51.477,51.5422,52.359,54.2136,54.2717,55.0557,55.3349,55.4947,55.6247,55.7357,
55.9099,57.1765,57.3091,58.55285,58.7821,60.9143,61.5423,61.6855,61.7802,62.087,62.1498,62.3544,62.4182,63.6763,64.6016,65.7134,65.88,67.69
23,67.7344,67.9292,67.9728,68.0768,68.6894,70.3273,70.5902,74.12085,74.1904,74.22045,74.8731,75.7084,75.8 158,76.2962,76.3999,76.6242,76.99
55,77.4085,77.88455,78.6523,78.6914,78.8306,78.8717,80.05355,80.2601,81.16875,81.62055,82.2693,82.405,82.6745,82.7541,82.9569,83.0369,83.5
258,83.60205,83.6452,83.7182,84.500};
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float curve_speed[215];/HhA 5 PR

float speed_final[ 106]://3E 28K fR B AN HH AR PR @ HIAS SR L 7 A AR
float speed_final_distance[106];/ZEAx 3 PR & AHE AP T A 720 S5 B B AF A PR s i 2
float train_total_operation_time[train_no]:/%|EEFEAERA Ff PRI A

int total_system_time=0;// F A i=EERS o IR

int train_left_station_time[train_no][station_no]://% | EE1E A N BEvERES]

int train_join_station_time[train_no][station_no];//¥ [ EEAF 2t A AE VR L]

int station_lines[station_no]={2,2,2,2,2,1,2,2,1,2,2.2.2.2.1,2 2 }://{555 2e(&e@/ 58
float constant_1=0;//55 A S E M BE

int capacity_temp[4][4];/Z BE T E AR E AR

int capacity_count[4][4];/4¥ 25 T B AYREE BT FHE M

float capacity_result[4][4]:/ A& EiER

int train_left_station_permutation[station_no][train_no];/// V55 | S B RAIET
int how_many_train_passby_station[station_no]s//5-5 5 24 5 A%

const int count_grade=379;//75 & & &m B

const float
grade[379]={0,9.7,-1.73,-8.05,-5.9,-2.1,-8.35,7.3,6.2,-2.17,1.31,2.3,7.2,8.15,0,-1.086,0,-4.07,-4.4,-0.1,-1.8,0.18,3.3,10.9,1.1,-5.2,-2.13,-9.35,-11.2,-12.1
,-10.93,8.6,10.25,8.78,9.09,2.28,0.1,-0.15,3.15,11.6,11,10.5,11.9,10.5,4.8,10.2,5,3.1,-2.8,0.18,-0.18,-0.5,-9,-8 4,-3.3,0.35,-1.7,0.8,2.5,4.8,8.5,11,5.4,2.2,
0.5,14,3.2,6,4.4,7.7,3.3,6.5,2.7,8.9,2.8,1.65,2.5,1,2.3,5.4,4,5.3,3.2,3.45,2.6,4.9,2.3,3.3,6.4,8.6,9.1,1.5,5.9,8.9,10.9,8.6,7.3,3.8,1.3,5.5,7.5,9,3.3,9,10.3,8.
2,10.4,6.7,0.6,-0.2,2,4.4,0.8,3.8,-0.8,0.9,0.4,-2,3.4,10,11.8,8.8,12.2,10,11.1,8.6,10.65,9.1,10.5,9.8,10.7,9.4,11.7,9.5,8.3,12.6,9.1,11.3,10,9.1,9.9.4.2 -1 -
7.5,-7.2,-5.2,-3.5,-0.7,1,-2,0.7,-2.45,-6.6,-5.6,-0.5,2.65,5.6,0.8,0.5,1.6,4.6,8.6,4.6,2.8,-0.15,2.5,1.4,-0.5,0,0.3,-1,0.5,2.4,6.1,1.5,0.1,3.7,8.8,10.4,8.3,11,8.
4,10.5,10,5.6,2.9,3.9,4.1,7.16,10,8.6,3.6,5.4,3,0,3.4,4.7,2.4,-0.9,1,4.6,6.3,4.3,4.9,0,0.5,2.3,5.2,8.5,10.4,9.4,7,5.1,5.7,6.5,6.9,0,4,8.67,9.9,10.6,9.2,8.8,10.
1,9.3,10,7.6,4.5,5.2,10.5,8.8,10,9.1,11.1,3.8,1.3,1.9,2.5,5.3,2.5,-1.5,-7.1,-10.3,-9.2,-10.4,-11.2,-10.5,-10,-8.9,-11.2,-9.2,-10.4,-9.5,-10.9,-9.5,-11 .4,-8 .2 ,-
48,-1.1,1,-1.5,-3,-1.9,-11.5,-9.7,-11.2,-10.4,-9.9,-3.4,0.2,0.85,0.2,-4.9,-5.9,-3.9,-5.1,-10.42,-9.8,-8.2,-11.3,-9,-6,-1.5,0.2,-9.8,-10,-9.2,-3.2,0.6,-0.7,0.9,-0
.1,-1.9,-8.3,-8.6,-9.6,-7.9,-9.5,-8.5,-9.5,-11.3,-7.7,-6.5,-3.6,-3,-9.9,-10.2,-9.5,-7.3,-6.7,-1.08,0.3,-0.9,0.4,-3.1,-11.5,-9.9,-10.8,-9.5,-10.4,-9.3,-7.3,-5.1 ,-4.
2,-10,-6.2,-2.3,-0.4,0.3,5.3,6.9,7.9,1.1,-2,-5.5,-7.8,-5.1,-2,0.5,0.1,1.2,-2.3,1.8,-0.8,-8.7,-10.7,-9,-10.2,-11,-8.1,-10,-10.5,-9.7,-10.7,-8.8,-10.2,-10,-8.8,-0.
3,0.2,-0.5,9.7,0.4,1.5,0.8,1.7,0,-9.3,-5.8,1.5,-2.6,-5.2,-1.8,-0.6,0.4,-0.4,0.6,0,0 } ;

float
grade_distance[379]={0.00,0.05,0.70,1.36,1.92,1.99,2.40,2.91,3.20,3.38,3.99,4.45,4.60,4.80,5.29,5.43,5.88,6.30,6.64,6.85,7.02,7.09,7.45,7.72,8.22,8.5
0,8.78,9.13,9.42,9.55,9.98,10.63,10.80,10.96,11.35,12.00,12.65,13.40,13.80,14.18,14.50,14.60,15.01,15.26,15.62,15.66,15.80,15.85,15.96,16.00,16.30,
16.60,16.72,16.84,17.12,17.25,17.52,17.71,17.90,18.00,18.05,18.15,18.35,18.40,18.50,18.75,18.90,19.04,19.12,19.24,19.35,19.45,19.50,19.94,20.25,2
0.40,20.80,20.95,21.10,21.44,21.62,21.85,22.10,22.27,22.39,22.46,22.52,22.74,22.95,23.08,23.20,23.38,23.50,23.65,23.75,23.94,24.05,24.11,24.17,24.
30,24.47,24.55,24.70,24.90,25.12,25.32,25.40,25.65,25.76,25.92,26.04,26.32,26.42,26.54,26.60,26.80,27.00,27.20,27.30,27.40,27.55,27.74,28.00,28.1
0,28.40,28.58,28.78,29.10,29.30,29.42,29.95,30.18,30.55,30.82,30.98,31.15,31.28,31.46,31.54,31.66,31.95,32.60,32.65,32.76,32.95,33.20,33.40,33.50,
33.65,33.90,33.95,34.05,34.27,34.36,34.60,34.66,34.80,34.95,35.10,35.45,35.58,35.66,36.00,36.26,36.55,37.10,37.42,37.65,37.95,38.25,38.52,38.60,3
8.85,38.95,39.18,39.32,39.45,39.55,39.70,39.94,40.06,40.16,40.26,40.50,40.95,41.05,41.20,41.34,41.55,41.60,41.91,42.01,42.10,42.35,42.45,42.85 ,43.
05,43.24,43.42,43.55,43.75,44.01,44.15,44.45,44.60,44.95,45.28,45.35,45.46,45.52,45.72,46.00,46.10,46.50,46.74,46.90,47.10,47.18,47.31,47.45,47.6
5,47.94,48.08,48.20,48.80,48.90,49.20,49.30,49.50,49.70,49.90,50.08,50.25,50.35,50.53,50.60,51.20,51.32,51.50,51.68,51.80,51.90,51.96,52.10,52.18,
52.30,52.40,52.70,53.00,53.15,53.23,53.35,53.60,53.75,53.90,54.12,54.30,54.45,54.55,54.90,55.00,55.16,55.30,55.43,55.56,55.70,55.85,56.20,56.47,5
6.55,56.65,56.85,57.00,57.25,57.55,57.75,57.90,58.35,58.58,58.72,58.90,59.05,59.12,59.25,59.70,60.05,60.65,60.92,61.02,6 1.20,61.50,61.75,62.05,62.
33,62.65,62.95,63.25,63.45,63.96,64.08,64.20,64.34,64.42,64.55,65.15,65.50,66.20,66.45,66.60,66.85,67.10,67.38,67.59,67.70,67.87,68.02,68.10,68.5
0,68.80,69.10,69.35,69.55,69.70,70.10,70.26,70.30,70.36,70.55,70.80,71.33,71.45,71.65,72.29,72.50,72.63,72.70,73.10,73.20,73.45,73.75,74.04,74.10,
74.16,74.26,74.36,74.44,74.66,74.85,75.10,75.35,75.50,76.25,76.52,77.02,77.14,77.28,77.48,77.64,77.74,77.95,78.35,78.67,78.88,79.35,79.78,80.06,8
0.25,80.96,81.22,81.85,82.06,82.46,82.60,82.85,83.60,83.90,84.05,84.35,84.50};

int count_speed=55;//35 & [ il 16 E5 {15
/*const*/ float speed[55]={ 117 SR T 1 e R e R

36.11111111,20.83333333,36.11111111,20.83333333,36.11111111,19.44444444,36.11111111,20.83333333,36.11111111,19.44444444,36.11111111,
20.83333333,36.11111111,19.44444444,36.11111111,19.44444444,36.11111111,20.83333333,36.11111111,20.83333333,36.11111111,19.44444444,
36.11111111,22.22222222,36.11111111,20.83333333,36.11111111,20.83333333,36.11111111,20.83333333,36.11111111,20.83333333,36.11111111,
19.44444444,36.11111111,18.05555556,36.11111111,22.22222222,36.11111111,19.44444444,36.11111111,26.38888889,36.11111111,25,
36.11111111,25,36.11111111,23.61111111,36.11111111,23.61111111,36.11111111,23.61111111,36.11111111,26.38888889,36.11111111};

/*const*/ float speed_distance_start[55]={ 118 R P PR 1 R A e
0,14647.35,15143.2,16869.45,17246.6,19112.7,19258.7,19288.7,19439.4,22323.55,
22448.5,22585.95,22953.55,23120.3,23256.1,26470.5,27327.3,27826.4,27952.05,28176 .4,
28313.5,28628.25,29104.35,29169.65,29863,30242.25,30454.65,30833.65,31151,31322.55,
31820.85,34338,34833.15,35609.9,35673.9,74120.85,74190.4,76296.2,76399.9,76624.2,
76995.5,77408.5,77884.55,78652.3,78691.4,78830.6,78871.7,82674.5,82754.1,82956.9,
83036.9,83525.8,83602.05,83645.2,83718.2};

/*const*/ float speed_distance_end[55]={ 1R PR I I B AR B E
14647.35,15143.2,16869.45,17246.6,19112.7,19258.7,19288.7,19439.4,22323.55,
22448.5,22585.95,22953.55,23120.3,23256.1,26470.5,27327.3,27826.4,27952.05,28176 .4,
28313.5,28628.25,29104.35,29169.65,29863,30242.25,30454.65,30833.65,31151,31322.55,
31820.85,34338,34833.15,35609.9,35673.9,74120.85,74190.4,76296.2,76399.9,76624.2,
76995.5,77408.5,77884.55,78652.3,78691.4,78830.6,78871.7,82674.5,82754.1,82956.9,
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83036.9,83525.8,83602.05,83645.2,83718.2,84.40};

int count_station=station_no;//EL 58 H
int station_stop_time[4][station_no]={

1194 ERE A

IR (MR US AL (B i 4 fE A, 17 (E55)
/*const*/ float station_distance[station_nol=  //SH{EEE LRI EEEEE 17 55)

{0,6358,9191,13578,18986,22867,27259,35456,41395,45345,51141,55192,62000,67682,73815,78625,84475};

/*const*/ int delta_t=1;//FFEIEIFE set =1 ]
/#const*/ float train_acceleration|[train_no];/fFHf B EEHI IR E (HETH 36 )
float train_velocity[train_no];//SHR B AEELHE (H B 36 )
float train_distance|train_no] /iR EEAEEAIIREE(E HiE 36 fE)
float temp_envelop[3000][2];/F2 =0 HE B AL R FURI AR (B K GER 3000 (RIS S
float speed_limit_envelop[3000][2]://55 R 6 3 & EAS SR AERE (B A AR 3000 (EFFRIGEED)
float station_stop_envelop[ 1500][2]:/{= 55 5o B A AS AR AR R (A A L BEE 1500 {EIRFREI AR R EE)
float speed_section_point[4][106]://2% 3 PR [EIHEE AR BL(HA 106 ([ HR R f A8 E AEF)
float station_stop_point[4][station_no];//Z% /S uEBEF EIHEE R BIEA 17 EIREHILS B E M)
float speed_at_station=0;//5 | BL.AEEELEAYHE
int numbersof_speed_limit_envelop; /355 & 35 & AIA& S AR A fE T 8 H
int numbersof_station_stop_envelop;/{S k25 B A& SRR T 2 #E
int system_train;//ZA AR5 EE B

* e s s st s s s s sl sk s sk st sk s sk st ok s sk S BiR = A S * e st sk o s s < < 3 3 3 3
[k Rk *************Vx********fgﬁgEﬁﬁ\ﬂ;ﬁ************ eskskskokskokokodokkdokkokok kst ok skt kool kokok ok /

sk sk sk skoskoskok sk sk sk skokokokok HI[FE AT L = stk stk skok skoskoskokokok

r [ 3 4% &6 1% ] i
*/int read_train_start_time(int train_start_time[train_no]); /*
*/int read_train_task(bool train_task[train_no][station_no]); /*
*/int read_train_priority(int train_priority[train_no]); /*
/* */
void Calculate_Speed_Envelop(int); /M FA pre_Calculate_Envelop (/{5235 R 33 A 4 S e

void Calculate_StationStop_Envelop(int); //{#i fi pre_Calculate_Envelop()£5-ZI]{525EE A4 58 /A0 44 f5 A0 e

int pre_Calculate_speed_Envelop(int,int);  //fHEH#EEEHE H IR B A& AR 8 E

int pre_Calculate_station_Envelop(int,int); /B EET B ST A& s E

float Calculate_pre_speed(float,float,int); /&R —{EFRERARIRRIGER (FEHEEE SRR
float Calculate_pre_position(float,float,int); //Z+ELFi— ([ R REERR % 47 B (AL B A A )

void train_speed_up(int);  //FIEE R
void train_speed_down(int); /%] EEJRH
void train_speed_same(int); /%[ EEZEH

void train_swap(int,int);//FR {71 EEHTE R AT L

float find_station_stop_envelop_speed_from_distance(float,int); IHELA B BT iEAS B B n A S L A o
float find_station_not_stop_envelop_speed_from_distance(float,int); /{8 A B Fii{i/ & 5 F| M2 UL S A S el /g
float find_acceleration_with_grade(float,float); /{8 A ({37 & JE N )% 8 iz (& [l s s

float find_deceleration_with_grade(float,float); /& A ({17 & B Ik & ) 72 [ bl o (e [ el skl

float find_time_of_ETA(int); /% 0mh A EE AR 2 BL S Bk p s, TR R

int find_train_index_from_start_permutation(int); //{& A %% & [E 515 EEERE AR AIIES

void print_capacity(int); // FIEIFE5RY capacity

steskeskoskokok sk skok skokoskokokok = > = A g steskeskeskosk skok sk skokokokokok skok B

/ﬂ:
I * = R I
*/

int main(){
[f==============[ IF H} I FE J==============%/

read_train_start_time(train_start_time);

read_train_task(train_task);

read_train_priority(train_priority);
for(int i=0;i<379;i++)grade_distance[i]*=1000;//2x BH#IFH AR /- 37 P TR YL BE (7B km->m) - - //
for(int i=0;i<379;i++)curve_distance[i]*=1000;///> AR/ R /— AR AP i B A BE BE 57 B km--->m ----//

for(int i=0;i<215:i++)if(curve[i]<O)curve[i]*=-1;  //HFRAREEEHE
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for(int i=0;1<215;i++){
if(curve[i]==0){curve_speed[i]=0;}
if(curve[i]<=900&&curve[i]>800){ curve_speed[i]=34.72222222;}
else if(curve[i]<=800&&curve[i]>700){curve_speed[i]=27.77777778;}
else if(curve[i]<=700&&curve[i]>600){curve_speed[i]=30.55555556;}
else if(curve[i]<=600&&curve[i]>500){curve_speed[i]=27.77777778;}
else if(curve[i]<=500&&curve[i]>450){curve_speed[i]=25;}
else if(curve[i]<=450&&curve[i]>400){curve_speed[i]=23.61111111;}
else if(curve[i]<=400&&curve[i]>350){curve_speed[i]=22.22222222;}
else if(curve[i]<=350&&curve[i]>300){curve_speed[i]=20.83333333;}
else if(curve[i]<=300&&curve[i]>250){curve_speed[i]=19.44444444;}
else if(curve[i]<=250&&curve[i]>225){curve_speed[i]=18.05555556;}
else if(curve[i]<=225&&curve[i]>200){curve_speed[i]=16.66666667;}
else if(curve[i]<=200&&curve[i]>150){curve_speed[i]=15.27777778;}
else if(curve[i]<=150&&curve[i]>125){curve_speed[i]=13.88888889;}
else if(curve[i]<=125&&curve[i]>100){curve_speed[i]=12.5;}
else if(curve[i]<=100&&curve[i]>0){curve_speed[i]=11.11111111;}

)
[/ i T T R o R —
I et AR

int original_speed_index=0,curve_speed_index=0,speed_final_index=0;
while(curve_speed_index<215){
if(curve_speed[curve_speed_index]==0){curve_speed_index++;continue; }
if(speed_distance_start[original_speed_index]==curve_distance[curve_speed_index]){
speed_final[speed_final_index]=speed[original_speed_index]<curve_speed[curve_speed_index]
?speed|original_speed_index]
:curve_speed[curve_speed_index];
speed_final_distance[speed_final_index]=speed_distance_start[original_speed_index];
original_speed_index++;curve_speed_index++;speed_final_index++;
}
else if(speed_distance_start[original_speed_index]<curve_distance[curve_speed_index]){
speed_final[speed_final_index]=speed[original_speed_index];
speed_final_distance[speed_final_index]=speed_distance_start[original_speed_index];
original_speed_index++;speed_final_index++;
1
else if(speed_distance_start[original_speed_index]>curve_distance[curve_speed_index]){
speed_final[speed_final_index]=curve_speed|curve_speed_index];
speed_final_distance[speed_final_index]=curve_distance[curve_speed_index];
curve_speed_index++;speed_final_index++;

inti;
MR B, R A A A Rl AR R

for(i=0;i<4;i++){

speed_at_station=2.777777,
Calculate_StationStop_Envelop(i);
speed_at_station=0;
for(int j2=03j2<1500:j2++)
for(int k2=0;k2<2;k2++)
station_not_stop_envelop_final[i][j2][k2]=station_stop_envelop[j2][k2];
for(int a=0;a<station_no;a++)station_not_stop_point[i][a]=station_stop_point[i][a];

Y N S A o — o —

Calculate_Speed_Envelop(i);
Calculate_StationStop_Envelop(i);
for(int j=0;j<1500;j++)
for(int k=0;k<2;k++)
speed_limit_envelop_final[i][j][k]=speed_limit_envelop[j][k];
for(int j1=0;j1<1500;j1++)
for(int k1=0;k1<2;k1++)
station_stop_envelop_final[i][j1][k1]=station_stop_envelop[j1][k1];
Y Y TT Y (o Y T
}

TR S L T 2l —
for(i=0;i<train_no;i++){
train_priority[i]--;

}
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ITRIRY | AR S NE - AR B A A P -

for(i=0;i<train_no;i++){
train_deceleration[i]=deceleration[train_priority[i]];
train_acceleration[i]=acceleration[train_priority[i]];

}
------- I | AEEE—l, H RS R LR () I L 28— Bl R

for(i=0;i<train_no;i++){
if(train_task[i][0]==1){
train_start_time[i]+=station_stop_time[train_priority[i]][0];
train_departure_time[i]+=station_stop_time[train_priority[i]][0];
}
}

————— AR BB A e Path

int train_int_temp[train_no]={0};
for(int i=0;i<train_no;i++)({
for(int j=0;j<station_no;j++){
if(train_task[i][j]==true){train_final_station[i]+=train_int_temp[i]+1;train_int_temp[i]=0;}
else{train_int_templ[i]++;}
1
}

for(int i=0;i<train_no;i++)train_final_station[i]--;

————— AR B B A e R

1

train_final_station[Z8 5 F5%E-11=[155%-1]
train_final_station[5]=9;//-->2525
train_final_station[6]=16;//-->1021 (K5 ML F B EEFE AL LN [E AEI RG] -> (& FIFESE)
train_final_station[7]=4;//-->2714
train_final_station[10]=9;//-->2161
train_final_station[11]=11;//-->2535
train_final_station[13]=4;//-->56
train_final_station[15]=4;//-->48
train_final_station[16]=9;//-->2529
train_final_station[19]=4;//-->1054
train_final_station[20]=11;//-->2726
train_final_station[22]=4;//-->58
train_final_station[27]=11;//-->2537
train_final_station[28]=4;//-->1066
train_final_station[32]=4;//-->1088

IITERS R A E R AR
for(int i=0;i<train_no;i++)train_in_system[i]=true;
IIEE A S AR
for(int i=0;i<train_no;i++)train_start_permutation[i]=i+1;
for(int i=0;i<4;i++)
for(int j=0;j<4;j++)
{
capacity_count[i][j]=0;
capacity_templi][j]=0;
capacity_result[i][j]=0.0;

}
IRFRFIEA S D | AR

for(int i=0;i<station_no;i++)how_many_train_passby_station[i]=0;

int simulation_time=0; //f5#EF &L

int new_train_index=0; // 5§83 A R ATV

int current_train_index=0; /{5 [EEFHEFIFYEE O {EFFIEEIEE
int train_left=0; /BB £48H7 | &

system_train=0;  //THFZ M A EHEREES 0

while(simulation_time<30000){ /{5t A ] 30000 FH7%58M%I= 1F

115 AT R = A B R BRI P e B+ L P B FHRR 5 O, H ATSERTIEHE A RAARTF I index FEERS T — 515

if(train_start_time[new_train_index]==simulation_time){
system_train++;
train_velocity[new_train_index]=0;
new_train_index++;}
/1B FF I S AREERR Y VB AIEA LU T, — S E 7Y E index=34T % [EE 8
for(current_train_index=0;current_train_index<system_train;current_train_index++){
Il eSS AR N A
if(train_velocity[current_train_index]==0&&train_at_station[current_train_index]==0){
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train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;
1 H | BEAAEFR AR, continue

if(train_in_system[current_train_index]==false){

continue;// [A_in] 1/
Y A0SR AR s WA/ 11 SR BT AR S
el aEalbEs

if(train_distance[current_train_index]>=station_distance[train_final_station[current_train_index]]){
11 AT AR B> (IR P - 1R 5 B8 B M E R R, LB R AT | F B+ 1)
if(train_task[current_train_index][train_final_station[current_train_index]]==1)
how_many_trains_in_station[train_final_station[current_train_index]]--; /At A% EE-1
IS VBEES B ANEAE TN AR i
train_total_operation_time[current_train_index]=simulation_time-train_start_time[current_train_index];
train_in_system[current_train_index]=false;

train_left++;////111111 C BEBR AR5 B 8+ 1

I RS SRR
cout<<"permutation="<<train_start_permutation[current_train_index]
<<" priority="<<train_priority[current_train_index]
<<" time="<<simulation_time<<"(s)="
<<simulation_time/3600<<"h "
<<(int)(((float)simulation_time/3600-simulation_time/3600)*60)<<"m "
<<(((float)simulation_time/3600-simulation_time/3600)*60
-(int)(((float)simulation_time/3600-simulation_time/3600)*60))*60<<"s"<<endl;
115 BEBR A e B =157 EE B HI#& 1 simulation
if(train_left==train_no){
cout<<endl<<"All trains have been left system."<<endl;
total_system_time=simulation_time+station_stop_time[train_priority[current_train_index]][station_no-1];
break/////1115% 1. simulation////1H11111]

}
}
B I B Y EHEE <)
if(train_velocity[current_train_index]<0){
cout<<"system_train="<<system_train<<" time="<<simulation_time<<" index="<<current_train_index<<" "<<train_distance[current_train_index]

won "o

<<" "<<train_velocity[current_train_index]<<" "<<train_priority[current_train_index]

<<" "<<train_next_station[current_train_index]<<" "<<train_departure_time[current_train_index]

<<" "<<station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]
<<" "<<station_distance[train_next_station[current_train_index]]

<<" "<<train_at_station[current_train_index]

<<endl;

won

IR B A5 G
if(train_velocity[current_train_index]>0){
train_at_station[current_train_index]=0;

}
IFEFVEBEAES=T —1EEE B §sE R <=5
if(train_distance[current_train_index]>=station_distance[train_next_station[current_train_index]]
&&train_departure_time[current_train_index]<=simulation_time){
VUG et v s
train_left_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;
how_many_train_passby_station[train_next_station[current_train_index]]++;
train_left_station_permutation[train_next_station[current_train_index]]
[how_many_train_passby_station[train_next_station[current_train_index]]-1]
=train_start_permutation[current_train_index];
NEHEElES  RIEAIER-,
if(train_task[current_train_index][train_next_station[current_train_index]]==1)
how_many_trains_in_station[train_next_station[current_train_index]]--;
MBS T —h+1
train_next_station[current_train_index |++;

}
IE 5 B> R AR B RUFEE T — &R +1

if(train_distance[current_train_index]>speed_final_distance[train_next_speed_section[current_train_index]+1]){train_next_speed_section[current_trai
n_index]++;}
if(train_distance[current_train_index]>station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]
-2*train_long-constant_1
&&current_train_index !=0){
float ETA_temp=find_time_of ETA(current_train_index)+simulation_time;
IS A RSB ANSRUE AR
if(station_lines[train_next_station[current_train_index]]==1){
IR S L RS 2 2 R BE (RS P SRR — 58 21T
if(ETA_temp>
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2*train_left_station_time[current_train_index-1][train_next_station[current_train_index]]
+sqrt(2*550/train_acceleration[current_train_index-1])
+4){
& R MY B LR e e 2 R (L E SR R —H0E)
/1 do nothing
}
else{
HASFER] )Y | B L R G 22 B I EE (B S SR A —H1E)
if(train_velocity[current_train_index]>0)
train_speed_down(current_train_index);/////JEER
if(train_velocity[current_train_index]<0)
train_velocity[current_train_index]=0;
if(train_velocity[current_train_index]<0)cout<<"Error [ *##*#####4+"c<endl;
continue;

}
}
I IERSEREER AERGERRGERR —

else if(station_lines[train_next_station[current_train_index]]==2){
IITPETENEUEAS B RIS EEUS — RSP e —
if(how_many_trains_in_station[train_next_station[current_train_index]]<=1){
MRS B RS FE 2 2 R R (B A SN R P
if(ETA_temp>
2*train_left_station_time[current_train_index-1][train_next_station[current_train_index]]

+15){
IR E Ty B SREE L 2R R (O PYF SEA [ #E)
// do nothing
}
else{

HASFER] )Y R SR e S 2 B IR EE (BE PSSR A H1E)

if(train_velocity[current_train_index]>0)
train_speed_down(current_train_index);/////JHER

if(train_velocity[current_train_index]<0)
train_velocity[current_train_index]=0;

if(train_velocity[current_train_index]<0)cout<<"Error2##*### stk "« <cendl;
continue;
}
1

HITPETENEUEAS ISR ARG SRS — A1RISE A A R
else if(how_many_trains_in_station[train_next_station[current_train_index]]==2){
IR 3 R e A e R T (RE S S A —H1E)
if(ETA_temp>
2*train_left_station_time[current_train_index-2][train_next_station[current_train_index]]
+sqrt(2*550/train_acceleration[current_train_index-2])

+4){
&R MY B RS 2 2 R (Bh S SRR —#E)
// do nothing
}
elsef{
HASRE Rl A3 R SE RE 6 22 B TR (Bh S SR R — 1)
if(train_velocity[current_train_index]>0)
train_speed_down(current_train_index);/////JEER
if(train_velocity[current_train_index]<0)
train_velocity[current_train_index]=0;
if(train_velocity[current_train_index]<0)cout<<"Error3###### ks "« <endl;

continue;
}
1
HITSEPIE T =BREELL
else{
cout<<"ERROR:more than 3 trains in station("<<train_next_station[current_train_index]<<")!!!!!!1!1!1"<<end],;
}
1
}
IR ENSUEES
if(train_distance[current_train_index]>=station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]){
INERHEE ZE G
if(train_task[current_train_index][train_next_station[current_train_index]]==1){
INREE,

if(train_distance[current_train_index]>=station_distance[train_next_station[current_train_index]]-30){
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if(system_train-1!=current_train_index){//Z1 5B ARITH
while(true){
if(train_priority[current_train_index+1]<train_priority[current_train_index]){//Z5 {5 7| B EE <A EE %1 E.
24
2.833km)
if(train_distance[current_train_index]-train_distance[current_train_index+1]<=1500){//F{% EFRHE AR EH<
FitE(E
11355 | R EE IR > AR T,
if(train_departure_time[current_train_index]>simulation_time){
R F=min(F A5 HE 25 E B, T (8 R )
float
temp_velocity=(train_next_speed_section[current_train_index+1]<=train_max_speed[train_priority[current_train_index]]
2train_next_speed_section[current_train_index+1]:train_max_speed[train_priority[curr
ent_train_index]]);
115\ 5 P B = E BT SR AR+ A7 B R+ 4 B R+ O+ i/ NI RS+ 2B
ROEE

train_departure_time[current_train_index ]=simulation_time

+(train_start_permutation[current_train_index]==0&&train_next_station[current_train_index]==11?480

:(train_start_permutation[current_train_index|==1&&train_
next_station[current_train_index]==47420

:(train_start_permutation[current_train_index]==4&&train_
next_station[current_train_index]==11?420

:(train_start_permutation[current_train_index]==12&&train
_next_station[current_train_index]==7?420

:station_stop_time[train_priority[current_train_index]][train
_next_station[current_train_index]]))))

+station_stop_time[train_priority[current_train_index+1]][train_next_station[current_train_index+1]]
+9+unknow_ variable+(((int)temp_velocity*3)

/(find_acceleration_with_grade(train_distance[current_train_index+1],train_acceleration[current_train_index+1])*2))
+((int)train_long/(int)temp_velocity);
train_swap(current_train_index,current_train_index+1);//current_train_index--;

}
IGEFEATERGA and F B ZEIFRT <= 4HH
else if(train_at_station[current_train_index]==0){
(R T 7 =min (8 RGBT, T SR SR )
float
temp_velocity=(train_next_speed_section[current_train_index+1]<=train_max_speed[train_priority[current_train_index]]
train_next_speed_section[current_train_index+1]:train_max_speed[train_priority[curr

115 | BE AR RE = H BRI+ A B IR R+ AR (R SRR+ O+ NS FF+ 22

ent_train_index]]);

RIEE

train_departure_time[current_train_index]=simulation_time

+(train_start_permutation[current_train_index]==0&&train_next_station[current_train_index]==11?480

:(train_start_permutation[current_train_index]==1&&train_
next_station[current_train_index]==47420

:(train_start_permutation[current_train_index |==4&&train_
next_station[current_train_index]==11?420

:(train_start_permutation[current_train_index|==12&&train
_next_station[current_train_index|==77420

:station_stop_time[train_priority[current_train_index]][train
_next_station[current_train_index]]))))

+station_stop_time[train_priority[current_train_index+1]][train_next_station[current_train_index+1]]
+9+unknow_variable+(((int)temp_velocity*3)

/(find_acceleration_with_grade(train_distance[current_train_index+1],train_acceleration[current_train_index+1])*2))
+((int)train_long/(int)temp_velocity);
IFEFVEASERG RGPS5 B 8 1 R 5 BEs S AT h Y
if(train_at_station[current_train_index]==0){
how_many_trains_in_station[train_next_station[current_train_index]]++;//HI[EA{E50E

HEEH+1

train_distance[current_train_index ]=station_distance[train_next_station[current_train_index]];
train_velocity[current_train_index]=0;
train_at_station[current_train_index]=1;////////[{&% 3% B EAEVEAN
IR EESESEREZ 1T
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train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;

}
I swapllili]
train_swap(current_train_index,current_train_index+1);//current_train_index--;

}
}
15T B A HE>=F I

else{
break /1111111 HkHE SR EER loop//ITITTINITT
}

}
IR G M >= A% | B 4 | B A
else{
break/////1/111 Bk R TEEEERY loop//iHTHTHTH1
}

}
I AN A EE SWAP RZE/ SRR R s /i
IGEFVEARAERGA, B (3 B | =2 A s R e
if(train_at_station[current_train_index]==0){
train_departure_time[current_train_index]=simulation_time
+(train_start_permutation[current_train_index]==0&&train_next_station[current_train_index]==117480
:(train_start_permutation[current_train_index]==1&&train_
next_station[current_train_index]==47420
:(train_start_permutation[current_train_index]==4&&train_
next_station[current_train_index]==11?420
:(train_start_permutation[current_train_index]==12&&train
_next_station[current_train_index]==7?420
:station_stop_time[train_priority[current_train_index]][train
_next_station[current_train_index]]))));
train_velocity[current_train_index]=0;
I EESEGEREZ

train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;

1

IS EALEIEA----> - Bl BEAFTHE S+

if(train_at_station[current_train_index]==0){
how_many_trains_in_station[train_next_station[current_train_index]]++;
train_distance[current_train_index]=station_distance[train_next_station[current_train_index]];
train_velocity[current_train_index]=0;
VUG s A
train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;

1
I S TE S TS
train_at_station[current_train_index]=1;
VLI e s A G
train_velocity[current_train_index]=0;
train_distance[current_train_index]=station_distance[train_next_station[current_train_index]];
I T AS TRV S e INBREES R BRI TR RGN
IR ZaT LB 11111
if(train_departure_time[current_train_index]==simulation_time){
HTAIRANE RIS AR Bl B
if(current_train_index>0){
VIE=3RE AN v S e N e =

float speed_tempa=speed_final[train_next_speed_section[current_train_index]]

<train_max_speed|[train_priority[current_train_index]]?speed_final[train_next_speed_section[current_train_index]]
:train_max_speed|[train_priority[current_train_index]];
float time_tempa=train_departure_time[current_train_index]-train_departure_time[current_train_index-1];
float
time_temp=sqrt((2*speed_tempa)/find_acceleration_with_grade(train_distance[current_train_index],train_acceleration[current_train_index]))+4;
if(time_tempa<time_temp){
train_departure_time[current_train_index ]+=(int)time_temp-(int)time_tempa;

}
T R fe NSRS R BB A SIS SR 1T

}
1
I IS TEERE B INBRESRERE R/ TS SR all
continue;// A_in 11111
}
I === mmm == I S et s rabs g T sy

elsef{
IGEFVEALERRA, 51 e R R =T A R R+ A5 | H S R

if(train_at_station[current_train_index]==0){
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train_departure_time[current_train_index]=simulation_time+(train_start_permutation[current_train_index]==0&&train_next_station[current_train_ind
ex]==117480
:(train_start_permutation[current_train_index]==1&&train_
next_station[current_train_index]==47420
:(train_start_permutation[current_train_index |==4&&train_
next_station[current_train_index]==11?420
:(train_start_permutation[current_train_index|==12&&train
_next_station[current_train_index|==77420
:station_stop_time[train_priority[current_train_index]][train
_next_station[current_train_index]]))));
train_velocity[current_train_index]=0;
train_distance[current_train_index]=station_distance[train_next_station[current_train_index]];
I EESEESERE LT
train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;

1

IS FVEALERE N ----->,  HI] ShEAZEEE+1

if(train_at_station[current_train_index]==0){
how_many_trains_in_station[train_next_station[current_train_index]]++;
train_distance[current_train_index ]=station_distance[train_next_station[current_train_index]];
train_velocity[current_train_index]=0;
VUG = A
train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;

}
I F8 S B4 HAE A,
train_at_station[current_train_index]=1;
IS RSN E B INBRESRERE R/ T RRERIN NI all
if(train_departure_time[current_train_index]==simulation_time){
IR AS R AN S AR B R B
VIIE=E 2N st R N s

float speed_tempa=speed_final[train_next_speed_section[current_train_index]]

<train_max_speed|[train_priority[current_train_index]]?speed_final[train_next_speed_section[current_train_index]]
‘train_max_speed|[train_priority[current_train_index]];
float time_tempa=train_departure_time[current_train_index]-train_departure_time[current_train_index-1];
float
time_temp=sqrt((2*speed_tempa)/find_acceleration_with_grade(train_distance[current_train_index],train_acceleration[current_train_index]))+4;
if(time_tempa<time_temp){
train_departure_time[current_train_index]+=(int)time_temp-(int)time_tempa;

}
I R g5 INBESES IRF R A TS SR

/! }
1
i E e ke AN s s e s eV
continue;// A_in /11111
}
T === e e e I S e L=t s rabs g T =

1S B B R R < Bz, B FIEE s, Hh
if(train_departure_time[current_train_index]<simulation_time){
train_speed_up(current_train_index);
continue;// A_in /11111

}
}
] — TR AR EN TG

else{

1R RS A R AR, I DB

if(train_distance[current_train_index]>station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]){
TS S B AR LA H P R AR TR 111111
float
speed_temp=find_station_stop_envelop_speed_from_distance(train_distance[current_train_index],train_priority[current_train_index]);
if(train_velocity[current_train_index]>speed_temp){
train_speed_down(current_train_index);
continue;// A_in 11111
1

}
IS RS AR B5EE, AIRGH
if(train_velocity[current_train_index]>train_max_speed|[train_priority[current_train_index]]){
train_speed_down(current_train_index);
continue;// A_in /11111
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IS R =S e AR R R, HIIEE s
else
if(train_velocity[current_train_index]==train_max_speed[train_priority[current_train_index]]){train_speed_same(current_train_index);continue; }

else{
% B LA >= R R R

if(train_distance[current_train_index]>=speed_section_point[train_priority[current_train_index]][train_next_speed_section[current_train_index]]){
15 GRS T B AR R, BINRGE
if(train_velocity[current_train_index]>train_max_speed|train_priority[current_train_index]]){
train_speed_down(current_train_index);

continue;// A_in 1111
}
A5 B B A <[RS
else{
train_speed_up(current_train_index);//else 7| EEfjR
continue;// A_in 1111
}
}
}
}
TSR A SR S 1T T
else{

Vel XA =e e N RS b s e s s

if(train_distance[current_train_index]>=station_not_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]){
TN BRI FEELL 25km/hr S ----a-> TG
if(train_velocity[current_train_index]>=2.777777){
train_speed_down(current_train_index);//[E
continue;// A_in /11111

}
}

if(train_distance[current_train_index]==station_distance[train_next_station[current_train_index]]){
VU = A T
train_join_station_time[current_train_index][train_next_station[current_train_index]]=simulation_time;//newnew

}
}

e e S KRy sy =

IR F AR ET T . Bl 5
if(current_train_index!=0){

HUTTHTTTITTG SR E R AR PI BT EEL 2 SRATE P T S8 S 0/ 1 TGS/
int temp_count_front_train_index=current_train_index-1;/z5% & %8 SR &= AT I
IME AT R AR A R T AN RN
while(train_in_system[temp_count_front_train_index]==false){

if(temp_count_front_train_index==0)break;//////E5HZ  EHH
temp_count_front_train_index--;}

TN S %%ﬁﬁqﬂﬁﬁuﬁxe%?rﬁmE’J%Aﬁmﬁ_///////////%iﬁ/////////////////////
[FERTERIEAER 0, BRI AERE N> 2 R FIET
if(train_velocity[temp_count_front_train_index]!=0){

/! cout<<"error] #¥kFddRF kAR KRR < cond];

SR A AN A < B 2 R P I
if(train_distance[temp_count_front_train_index]-train_distance[current_train_index]
<train_velocity[current_train_index]
*(

(train_velocity[current_train_index]

/(-2*find_deceleration_with_grade(train_distance[current_train_index],train_deceleration[current_train_index]))
)+15
)-
train_velocity[current_train_index-1]
*(
( train_velocity[current_train_index-1]/
(-2*emergency)

)+15
)
+train_long*2
"
1 AT ER <A R - > HIEGH

if(train_velocity[temp_count_front_train_index]<train_velocity[current_train_index]+1){
train_speed_down(current_train_index);////EE/ITIHTTHT
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continue;// A_in 111111

}

1135 AT R > = AN B - > SEIHATHE

elsef{
train_speed_same(current_train_index);//o.w. BLFT EEZE AT
continue;// A_in 111111

}

}
}
s s s s s
1135 5 EE R P> 5 | B AR5 TR R - -~ >R
if(train_velocity[current_train_index]>train_max_speed|[train_priority[current_train_index]]){
train_speed_down(current_train_index);

continue;// A_in 11111
}
11355 B TR =5 B AR SR R - - - - - >R

else if(train_velocity[current_train_index]==train_max_speed|train_priority[current_train_index]]){
train_speed_same(current_train_index);

continue;// A_in /1111
}
15 SR <B AR S PR - -~ >

elsef{

ISR e A > =1 (R AR

if(train_distance[current_train_index]>=speed_section_point[train_priority[current_train_index]][train_next_speed_section[current_train_index]]){
if(train_velocity[current_train_index]>train_max_speed|[train_priority[current_train_index]]){
train_speed_down(current_train_index);////////JEEE

continue;// A_in /11111
1
IR | B P <= KRB >
else{
train_speed_up(current_train_index);continue;// A_in 111
1
} > -
115 B P B < PR e - >
else{
train_speed_up(current_train_index);continue;// A_in 1111
1
}
}
i
/*****************{%ﬁié\*’#gﬁﬁ Elﬁlj************** S S ook sfe sk sk ****************‘k‘k**‘k************/

simulation_time+=delta_t;/fE5REF 1S R HEHE delta_t

}
IR b A B A R R/ 01111 R 1
for(int i=0;i<train_no;i++)({
if(train_task[i][station_no-1]==1){
train_departure_time[i]+=station_stop_time[train_priority[i]][station_no-1];
train_total_operation_time[i]+=station_stop_time[train_priority[i]][station_no-1];
}
}cout<<endl;
IR ess= e = LI
cout<<"station(3) :"<<endl;
print_capacity(3);
cout<<"station(14) :"<<endl;
print_capacity(14);
*/
HUTHITITS S TR 1111
cout<<"train operation time :"<<endl;
for(int i=0;i<train_no;i++){
cout<<"("<<setw(2)<<i+1<<","<<setw(4)<<train_total_operation_time[i]<<","
<<setw(1)<<(int)train_total_operation_time[i]/3600<<"h"
<<setw(2)<<(int)(((float)train_total_operation_time[i]/3600-(int)train_total_operation_time[i]/3600)*60)<<"m"
<<setw(2)<<(((float)train_total_operation_time[i]/3600-(int)train_total_operation_time[i]/3600)*60
-(int)(((float)train_total_operation_time[i]/3600-(int)train_total_operation_time[i]/3600)*60))*60<<"s"<<")";
if((i+1)%4==0)cout<<end];
}cout<<endl;
/* */
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for(int i=0;i<train_no;i++){
cout<<train_start_permutation[i]<<endl;
for(int j=0;j<station_no;j++){
cout<<j+1<<"in  "<<train_join_station_timel[i][j]<<endl;
cout<<j+l<<"out "<<train_left_station_timel[i][j]<<endl;
}cout<<endl;system("pause");
}cout<<endl;

s et s S A SN S
system("pause");
i
cout<<"Total System Time : "<<total_system_time<<end];
system("pause");

return O;////=EXEZAE SR BS/HTT111T

St st s st sk s s st s sk s sk st sk sk st sk sk skt sk sk R | [T =B 1 2R % ® DO 4 4 s < < < 3 3 Kk
[k *>ﬂ>ﬂ*>ﬂ>ﬂ*>ﬂ**yy*yy********aufiitlﬁqﬁsﬁﬁe ks skskskskskokfokdokolok kol sk skskoskskskokolotololololokok ok ksl skokokokotolok |

YR ssak e s = s s

void Calculate_Speed_Envelop(int train_priority_index) {////l/////{& A% EFE
speed_limit_envelop[0][0]=station_distance[0];//////1{f 55— R R & A7 & SRR T HIE R
speed_limit_envelop[0][1]=train_max_speed|train_priority_index ://////{{ 55— E PR & H PR BRtAE T B
int index_temp 1=1,temp_count;/////////1///Z1 8 P& 7588
I —{ SR PR s s R A A B B s )
for(int speed_limit_index_temp=0;speed_limit_index_temp<count_speed;speed_limit_index_temp++){

IR G FR RIS F B E R s RIS/ nn

temp_count=pre_Calculate_speed_Envelop(speed_limit_index_temp,train_priority_index);

HUTTHTHIT 16 P RHE R B (EaRNR G R A A RN = 1T BRAE 1
if(temp_envelop[temp_count][1]<speed_limit_envelop[index_temp1-1][1])index_templ--;
for(int temp_j=index_temp1;temp_j<index_temp l+temp_count;temp_j++)

for(int temp_k=0;temp_k<2;temp_k++)
speed_limit_envelop[temp_j][temp_k]=temp_envelop[index_temp1+temp_count-temp_j-1][temp_k];
index_templ+=temp_count;
speed_limit_envelop[index_temp1][0]=speed_distance_end[speed_limit_index_temp];
speed_limit_envelop[index_temp1][1]=train_max_speed|[train_priority_index];
index_templ++;
HUTTHTIT RS P RHE R BRI G R A AR RN = 1S SR

1

I — (R R SRR A& AR Bl TSR

speed_limit_envelop[index_temp1][0]=station_distance[count_station-1];

speed_limit_envelop[index_temp1][1]=train_max_speed|[train_priority_index];

numbersof_speed_limit_envelop=index_temp1-1;

}

IR S RS SRR RE S i

void Calculate_StationStop_Envelop(int train_priority_index){

station_stop_envelop[0][0]=station_distance[0];

station_stop_envelop[0][1]=train_max_speed|[train_priority_index];

int index_temp1=1,temp_count;

for(int station_index_temp=1;station_index_temp<count_station;station_index_temp++){
temp_count=pre_Calculate_station_Envelop(station_index_temp,train_priority_index);
for(int index_temp3=index_temp1;index_temp3<index_templ+temp_count;index_temp3++)

for(int index_temp4=0;index_temp4<2;index_temp4++)
station_stop_envelop[index_temp3][index_temp4]=temp_envelop[index_templ+temp_count-index_temp3-1][index_temp4];

index_temp1+=temp_count;
station_stop_envelop[index_temp1][0]=station_distance[station_index_temp]+0.01;
station_stop_envelop[index_temp1][1]=train_max_speed|[train_priority_index];
index_templ++;}

numbersof_station_stop_envelop=index_temp1-2;

1

T B G2t R SRR AR =TT T T

int pre_Calculate_speed_Envelop(int index,int train_priority_index){

int count=0;

float test_speed=speed_final[index];

float test_distance=speed_final_distance[index];

while(true){

if(test_speed>=train_max_speed[train_priority_index]lltest_distance<=0){

test_speed=train_max_speed[train_priority_index];
temp_envelop[count][0]=test_distance<=0?0:test_distance;
temp_envelop[count][1]=speed_final[index];
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if(count==0)speed_section_point[train_priority_index][index]=speed_final_distance[index];
else{speed_section_point[train_priority_index][index]=temp_envelop[count-1][0];}
count_template[index]=count+1;

speed_limit_envelop_number[train_priority_index][index]+=count_template[index-1]+speed_limit_envelop_number|train_priority_index][index-1];
return count; }
else{
temp_envelop[count][O]=test_distance;
temp_envelop[count][1]=test_speed;
test_distance-=Calculate_pre_position(temp_envelop[count][0],test_speed,train_priority_index);
test_speed=Calculate_pre_speed(temp_envelop[count][0],test_speed,train_priority_index);
count++;
}
}

}
G ARk e R
int pre_Calculate_station_Envelop(int index,int train_priority_index){
int count=0;
float test_speed=speed_at_station;
float test_distance=station_distance[index];
while(true){
if(test_speed>=train_max_speed[train_priority_index]llitest_distance<=station_distance[index-1]){
test_speed=train_max_speed[train_priority_index];
temp_envelop[count][O]=test_distance;
temp_envelop[count][1]=test_speed;
station_stop_point[train_priority_index][index]=test_distance;
count_template[index]=count+1;
return count; }
else{
temp_envelop[count][O]=test_distance;
temp_envelop[count][1]=test_speed;
test_distance-=Calculate_pre_position(temp_envelop[count][0],temp_envelop[count][1],train_priority_index);
test_speed=Calculate_pre_speed(temp_envelop[count][0],temp_envelop[count][1].train_priority_index);
count++;

} }
T % B R | [ % B SR [ 5 By SRR and SEE/HIIHTTIHITTINIITT
float Calculate_pre_speed(float distance,float speed,int train_priority_index){
return speed-find_deceleration_with_grade(distance,deceleration[train_priority_index])*delta_t;}
float Calculate_pre_position(float distance,float speed,int train_priority_index){
return speed*delta_t-0.5*find_deceleration_with_grade(distance,deceleration[train_priority_index])*delta_t*delta_t;}
void train_speed_up(int current_train_index){

train_distance[current_train_index]+=train_velocity[current_train_index]*delta_t+0.5*find_acceleration_with_grade(train_distance[current_train_inde
x],train_acceleration[current_train_index])*delta_t*delta_t;

train_velocity[current_train_index]+=find_acceleration_with_grade(train_distance[current_train_index],train_acceleration[current_train_index])*delta
t;

}

void train_speed_down(int current_train_index){

train_distance[current_train_index]+=train_velocity[current_train_index]*delta_t-0.5*find_deceleration_with_grade(train_distance[current_train_inde
x],train_deceleration[current_train_index])*delta_t*delta_t;

train_velocity[current_train_index]+=find_deceleration_with_grade(train_distance[current_train_index],train_deceleration[current_train_index])*delta
t

1
void train_speed_same(int current_train_index){
train_distance[current_train_index]+=train_velocity[current_train_index]*delta_t;

/******************************************[S VV[XP]******************************************/
PR T AR 1R R B BELRE T ol [ 8 IR i 1 7 A 5 R | VAR R 1 O 1 [ — E At/
U AR A P RS | (P R SRR N (D R B R B [T R A AR 5

/***********************************************************************************************/
void train_swap(int train1_index,int train2_index){

int int_temp;

float float_temp;

bool bool_temp;

float_temp=train_distance[train1_index]; IR R H ]
train_distance[train1_index]=train_distance[train2_index];

train_distance[train2_index]=float_temp;

float_temp=train_velocity[train]_index]; I AR R ]
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train_velocity[train1l_index]=train_velocity[train2_index];
train_velocity[train2_index]=float_temp;

int_temp=train_start_time[trainl_index]; /IS HAR 4 B [ ZE EE AR
train_start_time[train1_index]=train_start_time[train2_index];
train_start_time[train2_index]=int_temp;

for(int i=0;i<station_no;i++){
bool_temp=train_task[train1_index][i]; [ AR {2 b
train_task[train1_index][i]=train_task[train2_index][i];
train_task[train2_index][i]=bool_temp;

int_temp=train_left_station_time[train1_index][i];
train_left_station_time[train1_index]|[i]=train_left_station_time[train2_index][i];
train_left_station_time[train2_index][i]=int_temp;

int_temp=train_join_station_time[trainl_index][i];
train_join_station_time[train]_index][i]=train_join_station_time[train2_index][i];
train_join_station_time[train2_index][i]=int_temp;

}

int_temp=train_priority[train1_index]; /1A HARI 4 HE [ EEAE]
train_priority[train]_index]=train_priority[train2_index];
train_priority[train2_index]=int_temp;

float_temp=train_deceleration[trainl_index]; /A AR EL R B
train_deceleration[train1_index]=train_deceleration[train2_index];
train_deceleration[train2_index]=float_temp;

float_temp=train_acceleration[train1_index]; IR R ]
train_acceleration[train]_index ]=train_acceleration[train2_index];
train_acceleration[train2_index]=float_temp;

int_temp=train_next_station[train]_index]; [ MR R EL [ N — B AZnh]
train_next_station[train1_index]|=train_next_station[train2_index];
train_next_station[train2_index]=int_temp;

int_temp=train_next_speed_section[trainl_index]; = //ZZHERTARE[ T —EHRIRE]
train_next_speed_section[train]_index]=train_next_speed_section[train2_index];
train_next_speed_section[train2_index]=int_temp;

int_temp=train_departure_time[train1_index]; VRN GliEE X A L VA a R e v |
train_departure_time[train]_index]=train_departure_time[train2_index];
train_departure_time[train2_index]=int_temp;

bool_temp=train_at_station[train1_index]; /AR EL B B R AR N
train_at_station[train]_index]=train_at_station[train2_index];
train_at_station[train2_index]=bool_temp;

int_temp=train_final_station[train1_index]; 1A HER B [ 5 AT A5 B g
train_final_station[trainl_index]=train_final_station[train2_index];
train_final_station[train2_index]=int_temp;

bool_temp=train_in_system([train1_index]; NSRRI Y | R AR R
train_in_system[train]_index]=train_in_system[train2_index];
train_in_system[train2_index]=bool_temp;

int_temp=train_start_permutation[trainl_index]; /A HAR B [ IEF
train_start_permutation[trainl_index]=train_start_permutation[train2_index];
train_start_permutation[train2_index]=int_temp;

float_temp=train_total_operation_time[trainl_index];
train_total_operation_time[train]_index]=train_total_operation_time[train2_index];
train_total_operation_time[train2_index]=float_temp;

1
U YNE I a=da =R A N v ds D v v A R s b e R G R
float find_station_stop_envelop_speed_from_distance(float distance, int priority){
int index=0;
while(true){
if(distance<station_stop_envelop_final[priority][index][0]){index++; }
else{
return station_stop_envelop_final[priority][index][1];}
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}
}
I NS EEIIE Kivii=tey e R N s s RN i Dl eIl vce s e A S HI

float find_station_not_stop_envelop_speed_from_distance(float distance, int priority){
int index=0;
while(true){
if(distance<station_not_stop_envelop_final[priority][index][0]){index++;}
else{
return station_not_stop_envelop_final[priority][index][1];}
1
}
float find_acceleration_with_grade(float distance,float acceleration){
int i=0;
for(i=0;grade_distance[i]<distance;i++);
return acceleration-0.009*gradeli];
1
float find_deceleration_with_grade(float distance,float deceleration){
int i=0;
for(i=0;grade_distance[i]<distance;i++);
return deceleration+0.009*gradel[i];

}

float find_time_of_ETA(int current_train_index){
float start_simulation_point=train_next_station[current_train_index]-2*train_long
-station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]-constant_1,
end_simulation_point=station_distance[train_next_station[current_train_index]],
train_position_temp=train_distance[current_train_index],
train_velocity_temp=train_velocity[current_train_index];
int simulation_time_temp=0;
while(train_position_temp<end_simulation_point){simulation_time_temp++;
IS BB UE AR EE B AR, Rl FEERH
if(train_position_temp>station_stop_point[train_priority[current_train_index]][train_next_station[current_train_index]]){
TS AT AT B A E A s s SRR A 11101
float speed_temp=find_station_stop_envelop_speed_from_distance(train_position_temp,train_priority[current_train_index]);
if(train_velocity[current_train_index]>speed_temp){

train_position_temp+=train_velocity_temp*delta_t-0.5*find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*de
Ita_t*delta_t;
train_velocity_temp+=find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*delta_t;
continue;// A_in /111

}
ISR ST B AR 8E,  RIRGE

if(train_velocity_temp>train_max_speed|[train_priority[current_train_index]]){

train_position_temp+=train_velocity_temp*delta_t-0.5*find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*de
Ita_t*delta_t;
train_velocity_temp+=find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*delta_t;
continue;// A_in /1111

1
15 TR =5 B AR5 R, RIS
else if(train_velocity_temp==train_max_speed|[train_priority[current_train_index]]){
train_position_temp+=train_velocity_temp*delta_t;
continue; }
else{

115 B B> = R et AL

if(train_position_temp>=speed_section_point[train_priority[current_train_index]][train_next_speed_section[current_train_index]]){
IS BRI ST AR B, HIEGE

if(train_velocity_temp>train_max_speed|train_priority[current_train_index]]){

train_position_temp+=train_velocity_temp*delta_t-0.5*find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*de
Ita_t*delta_t;

train_velocity_temp+=find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*delta_t;
continue;// A_in 11111

}
}
I1E 5 B B <R R

else{

train_position_temp+=train_velocity_temp*delta_t+0.5*find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*d
elta_t*delta_t;

train_velocity_temp+=find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*delta_t;//else %I EjI 3
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continue;// A_in 1111
1

}

}
1558 R <= A AR ERE B, P MR s
U1 SR SR P

S B SR> | R SR R - -~ -> Bl

if(train_velocity_temp>train_max_speed|[train_priority[current_train_index]]){

train_position_temp+=train_velocity_temp*delta_t-0.5*find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*de
Ita_t*delta_t;
train_velocity_temp+=find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*delta_t;

continue;// A_in /1111
}
11355 R P = | B AR SR - - - >SS

else if(train_velocity_temp==train_max_speed[train_priority[current_train_index]]){
train_position_temp+=train_velocity_temp*delta_t;

continue;// A_in /11111
}
15 | B SR < [ B {5 R PR - - >TIE
else{

1155 R T B A >= T PR R B
if(train_position_temp>=speed_section_point[train_priority[current_train_index]][train_next_speed_section[current_train_index]]){
ISR B SR P > i K - >URH

if(train_velocity_temp>train_max_speed|[train_priority[current_train_index]]){

train_position_temp+=train_velocity_temp*delta_t-0.5*find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*de
Ita_t*delta_t;

train_velocity_temp+=find_deceleration_with_grade(train_position_temp,train_deceleration[current_train_index])*delta_t;////////JEE

continue;//; A_in /11111
}
IR | B SR P <= K PR >
elsef{

train_position_temp+=train_velocity_temp*delta_t+0.5*find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*d
elta_t*delta_t;

train_velocity_temp+=find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*delta_t;//else F1|EL 15

continue;// A_in 111111
} }
115 B P B A < PR = >HE
else{

train_position_temp+=train_velocity_temp*delta_t+0.5*find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*d
elta_t*delta_t;

train_velocity_temp+=find_acceleration_with_grade(train_position_temp,train_acceleration[current_train_index])*delta_t;//else
HI AR

continue;// A_in /1111

}
}
return simulation_time_temp;
1
int find_train_index_from_start_permutation(int start_index){
for(int result=0;result<train_no;result++){if(train_start_permutation[result]==start_index){return result;} }
1
void print_capacity(int station){
for(int station_index=1;station_index<station_no;station_index++){
for(int train_index=0;train_index<train_no-1;train_index++){
int front_train_index=find_train_index_from_start_permutation(
train_left_station_permutation[station_index][train_index]
),
next_train_index=find_train_index_from_start_permutation(
train_left_station_permutation[station_index][train_index+1]
);
int time_temp=0;
if(front_train_index!=0&&next_train_index!=0){
time_temp=train_left_station_time[next_train_index][station_index]
-train_left_station_time[front_train_index]|[station_index];

if(time_temp>0
&&(
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station_index==station

)
N’
capacity_temp|[train_priority[front_train_index]][train_priority[next_train_index]]
=capacity_temp[train_priority[front_train_index]][train_priority[next_train_index]]<time_temp?time_temp
:capacity_temp][train_priority[front_train_index]][train_priority[next_train_index]];
capacity_count[train_priority[front_train_index]][train_priority[next_train_index]]++;
}

}
}
TG B R A &

for(int front_priority=0;front_priority<4;front_priority++){
for(int priority=0;priority<4;priority++){
if(capacity_count[front_priority][priority]!=0){
capacity_result[front_priority][priority]
+=capacity_temp[front_priority][priority]*capacity_count[front_priority][priority];
}else{capacity_result[front_priority][priority]=0;}
}
}
int temp_count_sumary=0,temp_capacity_sumary=0;
for(int i=0;i<4;i++){
for(int j=0;j<4:;j++){
temp_count_sumary+=capacity_count[i][j];
temp_capacity_sumary+=capacity_temp[i][j]*capacity_count[i][j];

}

}

NI e S EE T S R

cout<<"Mean Headway MAX:"<<end];

for(int front_priority=0;front_priority<4;front_priority++){

for(int priority=0;priority<4;priority++){
cout<<"("<<front_priority<<","<<priority<<")=";
if(capacity_count[front_priority][priority]'=0){
cout<<setw(7)<<capacity_temp|front_priority][priority];

else{cout<<setw(7)<<"None";}
cout<<setw(6)<<" ";
}cout<<end];
}
cout<<"Mean Headway Count:"<<end]l;
for(int front_priority=0;front_priority<4;front_priority++){
for(int priority=0;priority<4;priority++){
cout<<"("<<front_priority<<","<<priority<<")=";
if(capacity_count[front_priority][priority]'=0){
cout<<setw(7)<<capacity_count[front_priority][priority];

else{cout<<setw(7)<<"None";}
cout<<setw(6)<<" ";
}cout<<endl,
}
cout<<"Mean Headway :"<<(temp_capacity_sumary/temp_count_sumary)*(1+uuuu)<<endl;
cout<<"Capacity :"<<(86400/((temp_capacity_sumary/(temp_count_sumary)*(1+uuuu)/4)))*eeee<<endl;
}
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A FIESR
*/

int read_train_priority(int train_priority[train_no])
{
FILE *p_str;
p_str = fopen("train_priority.txt","r");
if(p_str == NULL)

printf("\n read_train_priority function error!!! ");
return 0;

}
inti;
for(i = 0; i < train_no; i++)

fscanf(p_str,"%d",&train_priority[i]);

}
fclose(p_str);
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*/
int read_train_start_time(int train_start_time[train_no])
{
FILE *p_str;
p_str = fopen("gogo_time.txt","r");
if(p_str == NULL)
printf("\n read_train_start_time function error!!! ");
return 0;
}
inti;
for(i = 0; i < train_no; i++)
{
fscanf(p_str,"%d",&train_start_time[i]);
}
fclose(p_str);
1
/ﬂ:
A VIR
*/
int read_train_task(bool train_task[train_no][station_no])
{
FILE *p_str;
p_str = fopen("train_task.txt","r");
if(p_str == NULL)
printf("\n read_train_task function error!!! ");
return 0;
1
int i,j;
for(i = 0; i < train_no; i++)
for(j = 0 ; j < station_no ;j++)
{
fscanf(p_str,"%d",&train_task[i][j]);
} e
}
fclose(p_str);
}
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