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Taiwan Railways Administration (TRA)

Jianshin-Shin Row
Yung-Hsiang Cheng
Department of Transportation and Communication Management Science & Institute
of Telecommunications Management, National Cheng Kung University

SUMMARY

The policy of “Rapid Transit Systematization” has been executing for Taiwan
Railways Administration(TRA)which is a traditional railroad .The subject of policy is
making TRA underground or elevated and aims to integrate railway systems into a regional
transport system, most important of all,the policy is building new Commuter Rail Stations
in the line. The aim of this study is to analyze the the capacity of “Taichung Project” of the
policy.

The capacity of railway transportation system is critical to the service quality and the
railway capacity is not easy to analyze. Difficulties include the numerous interrelated
factors about human,the complex structure of the railway and the vehicles. Therefore a tool
that deals with these factors must be flexible. Thus, the method this study employed is
Fuzzy Petri Nets (FPNs) which is flexible. FPNs is composed of Fuzzy Logics and Petri
Nets, so it is not only flexible, but also could deal with uncertainty.This study proposed a
tool named “railway capacity evaluation module” could solve the problems of the railway
capacity.

This study described that the Taichung Project would not be the same as TRA Taipei
corridor because the numbers of the station tracks in the Taichung Project are lesser than
TRA Taipei corridor.

Key Words:
Capacity, railway capacity evaluation module, Fuzzy Petri Nets, Knowledge Base.

INTRODUCTION

Researches or proposals about the policy for railway capacity are rare, but railway
capacity is important to service quality. Therefore, this study will analyze the effect of the
policy on railways capacity. There are the most trains one way/rush houre in the TRA
Taipei station so far, 5 express trains and 7 commuter trains in one houre. This study
presents the set with(i,j), “I” for express train numbers and “j” for commuter train
numbers.This study adopted the set of TRA Taipei station to evaluate whether Taichung
Project conform with the subject of the policy or not.

There are many literatures about railway capacity, as a result, this study cited some
skills and concepts from these literatures to support this study approach and methods.
Railway insfrustructure is complex, so it is difficulty to analyze (Mussone & Calvo, 2013).
For solution, optimization problem is essential, such as only one train category. The two
best known analytical methods are UIC406 approach in DB, or CUI method in Britain,
These methods employed “timetable compression” and ignored some limitation of
nodes.lliasov, Lopatkin and Romanovsky (2013) established a tooling platform, the
“SafeCap platform”, which would allow engineers to design stations and junctions and




reason about capacity. Although previously methods could deal with some problems of the
railway capacity, it is not enough. The factors that affect railway capacity include railway
infrustructure, train type and Planners, what a tool we need to reason capacity would
concer these factors. Therefore the study adopted expert system approch that Fay (2000),
Cheng&Yang (2009) had used to deal with disorder in railway transportation.Fay and
Cheng et al. both employed Fuzzy Petri Nets (FPNs) as an inference engine for reasoning
the decision-making.

This study adopted the expert system approach and FPNs as an inference engine to
establish the design pattern named “railway capacity evaluation module.This study
described how to reason the railway capacity with the railway capacity evaluation
module.

The numbers of trains in a hour of the Taichung Project would not be the same as
TRA Taipei corridor with reasoning by “railway capacity evaluation module”. The
primary reason for the result is the numbers of the station tracks in the links, in other words,
the numbers of the station tracks are lesser than TRA Taipei corridor.

MATERIALS AND METHODS

This study represented a design pattern, shown in Figurel, for explaining about the
railway capacity evaluation module. The core of the module is an expert system.

The theories this study cited are fuzzy theory and Petri Nets theory. The fuzzy logic is
for management of fuzzy information in the rules in knowledge base of the expert
system.and for fuzzy reasoning in FPNs as inference engine.

Petri Nets (PNs) theory is an important tool for systems analysis; it is a mathematical
modeling of dynamic systems. This study adopted PNs for the ontology of the inference
engine. Fuzzy Petri Nets consisted of PNs and fuzzy logic,it is an inference engine of the
expert system for reasoning the capacity.
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Figure 1.the design pattern of this study



RESULTS AND DISCUSSION

The scenarios this study set in the Taichung Project represented with (i, j), shown in
Tablel, and represented the theoretical capacity of the Taichung Project with different train
types.

This study found out the bottleneck of the Taichung Project No.2 (all commuter
stations operating) will locate on the section between P16 and P21 (P16 for Tanzi station,
P21for Taiyuan station), because there will be 2 commuter stations operated, shown in
fig2.

Table 1
item  stage train numbers  Utilization  Variety of  Headway
@, J) (%) Capacity(%o) (min)
1 No.1 11trains(4 : 7) 63.6% -~ 5.5
Taichung 2 No.1 15trains(0 : 15) 46.7% +36% 4
Project 3 No.2 10trains(3 : 7) 70% -9% 6
4 No.2 11trains(1 : 10) 63.6% +10% 55
5 No.2 12trains(0 : 12) 58.3% +20% 5
Taipei 6 -- 12trains(5 : 7) -- -- 5
corridor
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Figure 2.the bottleneck of the Taichung Project
CONCLUSION

Although the capacity of the Taichung Project could not be the same as TRA Taipei
corridor, this study proposed two ways to promote the railway capacity. The first way is to
adjust the train type set,shown in Tablel item4 and 5. The second way is to build up
sidetracks in P19 (Song Chun station), shown in Fig3.

This study established the railway capacity evaluation module to modify the
approaches of capacity estimation in the past and provided the railway planners with
methods for scheduling how nany trains (train type set) in the links or line.



The fuzzy logics of the train type this study adopted is discrete membership function,
it is not easy to establish, the future study about discrete membership function could
improve by learning experiences and collect more data.

degree of membership

System Disturbance

0.6
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Figure 3.the membership of system disturbance
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7 2 2 P T R Rt g B Y R i ¥ B (Fuzzy Petri
Nets,FPNs) < }I;Hzrf WAFRE S e A AP PRkl B2 M IF
7t e

A #F2RT LA 1T ETVREHEE AR SRS RE o T
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REMIFE 2 PR TEFRIETEEF 2 FF 0 It 2 R

T oGV R d LA (s b A® e s L3R EE ARA
Pt G L o JE IR S PR RS RS RE 0 BT A e
MILe Bfr /LA 9 oha BALTEELE FACR B AT 0 XL ERE Y i
(elasticity) BLA > B Ry R E B EFF Hi | ERFILOR LT EFE ~ 7
Bk F) o

Y RER R B TR R BT R R TG B R
$ﬁ$ﬁ?ﬁf4’ﬁﬁ%*%%%@‘@%ﬁﬁﬁ@&ﬁ@W$iﬁ&§%
EFL S RA D LB Y AT R ERAE R D U B IEE > Gl
R CPUETREIBERIA S A AL R O FIMEERDFE ORIV AS

22BBRAF RGN

&ﬁ?iﬁﬁﬁ%?{fﬁﬁﬁ’i%ﬁﬁﬁﬁiiﬁ%ﬂ%%iﬁﬁi
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Mussone & Calvo(2013):% 3 #usf B 5 % £ FL AR fe o 0 A3 v B
IR a P RHNRERAF RO G- B RER P i 2
72 G R R d dy P B 3 % feamER S 2 5 ULC(Union
International des Chemins de Fer) » e 3% /2 % i & ${3T & 8L2 & 2L 305p BB AR

43E 15 o Mussone, L% 4 1138 B Heg LA AW A 2 R TR AG £

et ﬂw}

=% th g 4tie g (Path) ~ & 2h(node) M Gk T bldra S gL AT e b £
7+ 7 3% 5 path:a—e:a(station)—A(node)—e(station); 3% < 'S #-Bc B2 sk(ab,c,...)
7z (0OD)2. Path={a-e,c-e,....} 2 node={A,B,C,D,E,F,Y}3¥ 1 & g-& BLAE'L -

C R AR ER P RS ds R D B 2B ko s
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1 g g (Path)id iF 2 & g2h(node)z & ~ 7|2 #cz " & * ¥ (the percentage of
occupation) & L4 5% > # u sk g (track) ~ = B RS AR (Line) ~ & #5 (Path)id- 1
BH R R AT N L REEER Z AN TR R
H A % s ARE] o fZ(solve the linear programming) o #-FF 38 HcH ;8 it =0 5 &
PERLAM(PL P2 2R 12 5 g2 F % )2 — B & BLpF > P1+P2<1 > P3%
oL 5 % 'F Bh(narrower) 5 3% < 1!?: 2 Bern-Thun Line % &) » & &8k 27 (e f
708223 Bern~ 22 st el REL )T RIPRALEF S A
B FES R E AR RRGE kY SR R

Armstrong, Preston, Potts, Bektas, & Paraskevopoulos (2017) #] 4% 11 5 B B2 5
?oengh gh(& zh(node) % 4 st rdjunction))id = ELARE B e UF ] I R E £ A
PAEE AR PEA s R Z 7] 8 P (schedule)i® &8 £ 17 e o 2 gk
2 UIC406(Union International des Chemins de Fer,or International Union of

Railways) 2 CUI(Capacity Utilization Index)= & = ix Z £ - i > 825 H & * &

~

S 2 A 35 T 514 R M52 (timetable compression)) i i * ¥ % fm i v gy
Z % > UIC406 i * > 835 % % ¥ (the signal block level) » @ CUI )i * >
EOBRRAEE T 8RB k| (plain line)» 2 ¥ g - FERK
fe B 35X 2L E A & gh(node) 5 Mussone et al.(2013) 7« 3 ) b i
UIC406 # if & 5 M >v3®fp & gher % £ B fh2. 572 ; Sameni, M. K., Landex, A.,
& Preston, J. (2011)# 1 5] UIC 406 2 CUI % -4 ¥t headway % £ 27 I ¥ 3% 4t

W - BRERZBRFERY S LR o

Armstrong et al. 3% < ;;Je;t #* CUl: ()R&F2z=himy 2f1* F
(capacity utilization) » i & =5 & = &% & B AJjunction) gLz » £k 2L
(waiting time) » i 3+ & g 22 gL2_ capacity utilisation - @ (2){é £ 1% i8 re-routeing
% re-scheduling » 12 & 1 ;% 1 gz # 47377 (job shop scheduling techniques) -] &
s T3 (jobs)igd #uiE B 2§ B AR T A e T | (machine)
el R D hfip FEERFLPApE L E AL R ﬂ’rﬁ Lz fif L
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B B E I A FURHARBTRARSL AR Fannd o 2@
7 3n t".’ﬁ PEELARLE B B P PR 0 3 8 pFiE (headway) & RS -8

[liasov, Lopatkin & Romanovsky(2013)i * SafeCap platform & * #2 ;% 4+ 4
T RATE CEEFEBET CFERELINRET AR DGR ER ¢
TRLGE AL DR o el el B CRENFBEFEFE PR
FLISHIE R AU B2 AR R AR 2 DR T 25

FEMFTET AR AR T OF BE R I RIBRRT ISR
¥1 4 o lliasov et al. _Mv/ﬁkr‘ ATt iRy § 3% 1 £ SafeCap platform i

- # A 740 1 (1) 2 DSL(Domain Specific Language) ~ i+ 2 # & =k2 fuf # §
H 3% 1§ DSL £ ficeh@l3i(schema) £ 7 7 %72 (discrete » 4o5izbix i) H# 2 @
I2(continuous > hes] & 4o ~ GRiE R)BER P G o R B 7 Bl (railway
topology) ~ 7| & i&fe ~ B =hif it « 2 fEE(junction) 2 kR 2 iE 7 o (2)i%iF
7B b AR (plug-ins)i = F B A F B 0 BB % { g 7 (patterns) ) 4% -
B S £ (capacity) » ¥ ¢ rdg JUgag i Suehd BE(nodes 0 junctions and stations)
ERAFE Mgy FPRITEBAEINC RN T EIRE N FPRIRE 2L
PERTFRZ - -

Riejos, Barrena, Ortiz & Laporte(2016) 4+ ¥+ #1if & v 2 B2 m ¥ 3
radial-backbone(X-tree 7 #£)2 32 34 % 5 % £ (theoretical capacity)~ 7 > Riejos et
al. R # 2 Madrid-Seville Line 3 # 7 ¥ % > ﬂ}‘kv‘ WA RRERFTE LR
GiRpA S EEE S W FRAKP(ERAFE - FRFE) - & 2h8g 2P

W (B & A~ RIAR)E F]1Z& > @ Madrid-Seville Line 7% 3% 2 5% 4% (backbone) *+ -
ﬂ%ﬁ?iﬁim&#%@’gvﬁ$ﬁ&%&%%ﬁﬁﬁ1’Hﬁﬁﬁﬁ
g N @R A F R LB 4 > Rigjos, F AL O & 4 &% B A
OD(origin-destination) F #2 4 45 » B~ 18 & =pigak ~ 53k A B > -5 2 fp(fleet)
BORAE bk~ g R AR E R R fRAR AL B 2
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(algorithm) » & — ik 2 T (def 7= & 7 v s L2 0% 2) R 2B A AR
TEET T RN BE RS LRI R L Bl B R A

> & fmac(vehicles) » # > ¢ 4 foc Madrid-Seville Line % 8 & * » i se B3 %
E2ZARBTRE o

2.3.Petri Nets 2 Fuzzy Petri Nets 2_4p b = }iJe:};Egv}

2.3.1 " & 3 (Petri Nets,PNs) < §H§'€;=}

Zarnay(2004)4+44 i * 7% ® 4 (Petri Net,PNs) f % if i& Bk L 2
A NFES c BB PNs &2 Tajd Topsg 2 TEr | By kites ~
FHBPN A2 L7T > FPFEIPNs &M 2 T (70472 B4 o bl4c2 2
(token) % 7+ 71| & % ~ [f] Bl(place) % 7w %ig & * &2 F ~ 4 #& & 2gh(transition) % 7 &
=k (Entering)#2 J! =k (Leaving) 5 4-® 8(a)X (C) 5 M : 7|& :F 7> w»d Z (Left)
A+ (Right)if s > )2 #ich 2385 A 5= #0203 B token £ 77 > (@)% 2 & A&
koo FoF Fug & B % 5 token 3% (track is free)z. place o (b)- Fl=x &k o FLiE

¢ * ¢ o token i3t (track is taken)z. place o (C)% 3% 7| =X LR & =£15 > A op 7| B
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2_ token @£ 3 Right 2 place > Fr BF % 77 #rig & ik % 2. token i=>%(track is free)

Z_ place -

e
. Ertering ~—__Leaving —
@ . ()
Lett o e e O FRight
L2
Track is free
a)

Track i= taken

= <
(. } C' - - ey )
Lert ""-\.\_Y‘-—':\\fl' gt
[5)]
) & Ny
(. )—--; ;_—-—(é)
(')' N

Track is free

<)

W (T o T4 %R ¢ Zarnay(2004).

B 2-2.i¢ * PNs figx 2

oA T P AR(L)AGERE ¢ i BQ)d &R

IHTOLEIFER S E RS SYOET E A

S o B4 PNs g ¥
RS R T

v

EE
Zarnay < o Amdoim 41 PN 2t - 1 a2 i b

FUOBEAIA S FE o dod 4 2w (2)
id 23 % o (3)7] 2 £ B 4% (processes of a train

=

R AN
* L ) = RCEARACR 9o J AR K ¢

BRI 2 HE D ) bl
set)(4)# & — F# £ 5 74K (decision-making) - PRER R R IR E PR B B o~
LRk B A R B FEgeh > Zarnay Ap ¥ rLEaE PN 2 & 2

R o v A

B2 iEA2; Ra fy

(another special branch of Petri Nets)fuzzy Petri Nets % g# B
Hé@gr PNiTsf@Ap3gcht 2 p £488

T4 M1 EPlE A KFTT e B o
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Decision - Making
Train Processing

Movements

Vehicles
Equipment

Bl 2- 3PN 2 fi-iE f2.7 & B 7R %R © Zarnay (2004) -

2.3.2 ik % B 3 (Fuzzy Petri Nets,FPN) < )?Je:}%%:}

EEF AP FAR TROEE v AR R L P FAHRE AR L
P ERgES kend_ 5 FBR AT B doie BB 02 12,437 42 > Cheng et al.(2009)
% i Fuzzy Petri Nets(FPN)&E4e:h BRG] > BRh AT a3 R A A
(mind) 2. (55 & 4 = 7 4] * e 2R (knowledge rule) » 3% < }*Jc "E AR X
Babl o SENEEELBL &EAﬁmgmu%%ﬁﬂ7%mﬁ%&
(knowledge base) - i 14 Fuzzy Petri Nets(FPN)# 5 ik L3 1 K& 45 & Fb i
& SL(Expert System) ; {78 @@ R ¥ - B T 0 4 CTC(centralized traffic
control)z 5 ~ ATP (automatic train protection) #cfi ~ #5+4 2 LR EF £ 7 » 4o
% FPN B @ 1 4 erd RS © A% RRIFHARBET FE - 178
FRSAFRZEHER AR TERNG IS BFEREYR Y SR hp
B2z ifcg $E 72 L 358 IF-THEN rule 22 = 5 8 23 & 2] T 4L & (Train
dispatch rule base) » &4 » & 24 & @.EL(dispatch opinion)4r% (IF)3 £ 7] 2 & &
2 (AND) s F @& pedg 2 (AND) ? S i pr /> RI(THEN)S & {7 5 B iF#F - 2
= HCA 0 1% §F b 3 di(membership functions)®~ 1 1 33 & BLEE(S F #) K17 §F
BR2Z A E » F4 0 FPN T fpand 70k e iw 0 A% s g 4 PRiTiRBeh
Fa2B8E RUVHEELARARSE TE R A e s ER2 TR

pd
i 10
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Fay(2000);% 5 3 & % B 4oie § s cngt Boi8 8 10 0 2 gk e
Ao b QP E RS B Y £ R - o v Y BTG MR e B T
LR TS fEF7 7 A% > Fralgorith 2 heuristic™ /2 - @ algorith 2 heuristic™ j# &
Be* L BE S @ ieA 4 2T PR A0 Bl4e® AU heuristic ™ 2 g2
ARAR o Ay SIS R - ()% R ()% LR (C)F Fripts o A BV
#igalgorith= j2 402 i3 &5 > 74e > it (D) 1T 508 Bl * vR B AR
BLBA? ) o )i K TR - B éiiirrzl‘sz#”ﬁﬂ € Rif B
AR A T A [I?cm% * ehFuzzy Petri Netsi] & & & & cnif gL 1 2 ]
Y WL

Fa(2000)2 % % 7] 8 & F & Fa 58 5 5|5 > )% oubB (7 2 2 > 07
% i i 0 i3] (membership function): ™ B 35 i 12 (de 28 303~ fléki
FREAZ R L) 2 FhR 2 SR B R R R K (rule base) 3 12
Visual Basiciz = Fuzzy Petri Nets4a i 1 £ #fe & e {4 4F 4> -2 5
"IF-THEN | #4820 (fuzzy rule)sn® oribz A B £ 32 W AR A48 Y 3F
Al ey s RFEARAATERTARFEFIORRFTLARL A AT

TR R L AP R FEES LA R
2.4 - %

FBBECFRENFHE L S E &ﬁi@ CRCESE JOR R R T
Borherig X ORRF LW 2 2 R Lo w G B kSRR 2R
[Ek—':ug\z b BB A ATiE TTA BRI R R DR O SFBELARPN M2
BT AR R R S REL A AR PRI E R LA
Figt g o B0 7 éﬁﬁ%ﬁﬁiEE‘L%”"ﬁ FOAMT A, S F LT AR L
Bt 4] & 448 0 4oFT A R %502 0 3 % £_UIC406 3§ * *v?%i‘mﬁ@ * % & (signal

block) &t #_CUI if * »* & 2§ % £ (longer route section)® # 4 gHiis® - B2

‘IEH

#% Armstrong, J. etal.3% Jiec L SRR 3 N o (e kA FaE 2 ah pRAT Lk
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WAE S LT R A A R AP R TR G
Pr R B AR LR R A ASNA R AT A R Y s oS
BB %1 & SafeCap platform » F]# shoid ieB R A% > & PUBRY o
EERRA(G% A5 A 4) mi2E S g e g * =L B A B & T 0%
PEAMZFERAN NS LA HEERG TR H S A R
PHESB2 UEE 2 R AN AL R R L E T i EREE 2 g R
A doiB b pr [l B 4

PAFERIEEIFE SNAERe T A REY X DR TEL

@mﬂéﬁ%%ﬁﬁ}ﬁﬁi?{@%%%ipfﬁéﬁﬁ*%*
B2

T

T A 22 A6 AL AR ORI HTIRE T

\
N+
/4

PE G ARAFEFREES A A BRPT EEREEEF AR RS
AR ENMAET RS L 23 &R ARSI TR A
;44 Petri Nets(PN)2 H ji#4 1 E > 4 Fuzzy Petri Nets > p 70 ¢ R 238

RE-2
&

)
+3

A B LIRS Y T IRH 2 R4 (Suraj, 2012) > ]4e > Cheng et
al.(2009) % + & & R k3@ % Fuzzy Petri Nets ¥ = 4u 25| & (7 5 B £33 B §
w1 L o B B gk 2 45k 2-1 -

"EFRLE P EAERE o RN AR AR RARRE o AER Kk eh7 R
» Mg 2 F KR }J?er‘ TRRSRERRFE TR H - %:E‘_hﬁ\"*ﬁz{_%f - % &

=

T MTE SRR A AR BT R R B a1 R E
#3* Fuzzy Petri Nets(FPNs)z. B4 st 2 ff Ry 23 e a3l & o
FJLAR R S B ARUE S s RICAI L B AR RERNT) 0§ M FPNs 2 0 %

YA A
=R

o
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2- 1.2 472 2 ik

gp | FEAY R EEREE R G A
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® P st & 8k v £ T ’
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FIR OFIRVRCE

%+ Cheng et al.(2009)i% i & R A SLid2 7 B FIZEHBRFAR Xk 2
SERESCEE A ETEY SRAEY T E Y HE S $ 32 L SRR R
GHRE PP AA GELBA T RE TR CERLT FHEAT ETR
Bl d g F OGP ELE RS K S B ’ér_”p*“?riﬁ’*’fg’%"‘/w\ﬂ
3043208304 2wz 5dfde f#ck H384 A E% F 08004 3
09pF 00 » 2 7|8 fic i Bicdp KR o L RS/ DA TR IAR ~ 22 2 TR
A2 DesignPattern » ¥ % %z 2 ERAF LG e o AR & ARP TR
(1) - PP L FH2 A L RFIERE Y 2 E o LD AeR 31 2
pU 3 41 AR 3 20 Design Pattern > 4o 3-2 5

(2) 5 = %A 5 R g ik (Petri Nets)f#d»‘ AAeP IR E S EARRE Y

(B) $ Z P UM » P Arie Bk PP L L TAHRE R T BT L FF 7 (F
BHE)ErpTEY

(4) % = iz PP o B T4 % & PNs = 3 fich % B e (Fuzzy Petri
Nets) ;

(G) #If ARt BT RN - LBFIRT 2 EAIPITEF I
FrypPB 2 24P o ATie ¥ cng R BRI B K AL TR LS T RCAE
T2 BB R A o

3.1 7 3 K 3tin4z8 Design Pattern

54 4 v prd o (knowledge base).ts & 413 31 & (Inference engine) =+
EEL B FARTLAFTRAT G ELR fA AELIELE B A
FEFFT Y A A2 $H % 0 5 4 BT IR E ﬁ-ﬁx%ﬁlg TeiE THRAFT K
THB2ZN BB L2 FIFREE O BERAFET T ED A NS &

= ;% 1 4 Petri Nets(PNs)% 2 s % 474 @ & ¢ Fuzzy Petri Nets(FPNs) i+ %
fe#h 31 i (Inference engine) » 11 % s B d 4878 AT 2 HHE 78 S5
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ﬁ‘-ﬁ:\' T o T B ﬁfﬁ%ﬁi&(ﬁ—‘}”’ ) edawm ol FeEy o 2 T e
FRE U EABT RO R A N BHRET A NE TR AP R AR R AR
31 FWE P IRARE 3 B EE S AT IR AR Y =G K422 Design

Pattern 4- B 3-2 -

LAY Lok g R F ik
l (approach) #E R E (method)
o X ER
BROH B LB A
K tedzeB Z LA BARES Petri Nets
nowiedge base Expert %Eﬁ%fff\‘ o |
 system v 2 Fuzzy theory _.
BERFERE ABER | .
| eemmarnskas [ Fuzzy Petri Nets
B EERBRGEETHH
] o TEERGEE 1 Ry
BABBEABEEET (Validation)
frEa AR R A ERTHBD 2 4
REBRERETBAEL -
R AR

B 3-1F 7 K m R E =T > 27 2 W)
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. e 1
| Petri Nets |
| r A
: :---'I__ Fuzzy Theory |
I

I : - |
: ! - Fuzzy Petri Nets |
I 1= 7 : :
: ! K FPNs |

1 N 2
| DR :#;i . da sl i |
VALK S e [ =5 <
A T | 34
| o ! If-Then rule I
I Lo Knowledge Base I
I - = I eesssssssssssssssssssssssssssssssssssssssssssssssnn,
1 o e L W — . : : e
| P— & i — : : P Rk h %
g A Sy i o = N T % ¥ Teasase , N L s

| b sy Bmnme BT TS R fﬂﬁ:é HIECEES R SO S
I Beceadlie{ene=- Sland  Frmm—— L ausserramsassaseasassessansassasessssonssansassane}
‘e |

i8] 3- 2.The Design Pattern of this study
SITE R G- P 5 M AET 2 petri nets ~ Fuzzy theory ~ Fuzzy Petri Nets 12 2 £ 487 8 2§ ~ 7 Mo g kL%

IENFEEATTZRY o
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3.2 7% 3 3 (Petri Nets,PNs) & # 3¢ i

Petri Nets #_d Carl Adam Petri #1962 # 1% 2 3, < (Communication with
automata) #7% & m = &7 Petri Nets £ B 5582 #2 2§ T 7 - fp P2
S E R AR RARE G R AT T LT e

FEA TP o

PN &4 > & F & #4430 2L #F Petri Nets(PNs)# 4. % 3
3.2.1 =3 Je(Petri Nets,PN)# = & % 1 %

Qi T

1 E'

i Zarnay(2004) &%t ¢ * ;%2 g (Petri Net,PNs) 48 5 & =

x\”\

1E > m 32

PN == 2 i soay M fathse ~ HEBREF S 2 2472 k3

a-2k(place) ~ # #& & gk (transitions) ~ & = & (arc) 2 %3z (token)#7 % = >
= A5% 51 ~arc M Ep 5L 4 7 o token

Fd =¥
place ¥ 2 [f13; % 71 -~ transitions % /2 &

Pl 2 8L ot 0 4B 3-3 o

\-|_place

arc

PO DT

| transition

] 3- 3Petri Nets ﬁ:,\: ~ &5

3.2.2 %R 3 (Petri Nets,PN)2 z_&

A&7 %4 Chengetal. (2009) % F_ % 5o+ %1% A & PN 4% 3P ~Liu, You,
“i¥ 57 3E(104 #)

Li, & Tian. (2017)Fuzzy Petri nets /& * ~ /F*J%‘fwépfiﬁﬂ RS BTSN
B R K vk AR B e o HP0 A PN e R R A T

o

PN=(P, T,F;W,M,) :
P={P1,Py,....Pn} % 7= d =¥ & B:(place)*7 =& 75 *TH &>m £ 7 place #c &
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T={ty,tp,...tn} % 7+ & # & & Bh(transition) 7 je = 5 *LE & > n £ 57 transition
sficg 0 & - B PN 3 n>1 o transition -

Fc(PxT)u(TxP)Z% 1 d = = 3% (arc)®rie= ek & » PN /it v B 25 (flow
relation) o

W:F_{123.... % 1 f# & & #ie(weight function) -

Mo : P {0,1,2,3.....} % 7 4~ 4> 1%z (initial marking) -

3.2.3 %% e (Petri Nets,PN)z2. X # 3 #

Peterson(1981);% 5 PN 2 i * %% i 2& i(modeling) > s o L A1 %
P AR ERALE fY » TP R LIE T Ak BARK o PN
ERCHHEARY § - R E KA F - fﬁ#ﬁéﬁf‘v?ﬁ Aot B gL

=
ar
Wi

place(input place ~ output place) ~ #5 & & gk(transition) » & % 5t@ 355 ¥ & &
o8 FEoArd 3Ll g B G EP s A fA aud fg&@ﬁt‘ = % & 2h(place)
B2 i en@e)dsd t Ul SR iBpESgnEs

FREE SR E Y RADLE e w B ER AR TRELE

E=1)
!
=
XK
L
q.}
%_'Ei
gl
=

cd - BRS BE SRS R S B AR
104 ) R AFPRFEL R FLANS L2 TR ED AN 5%

EY
E\"ﬁﬂﬂ-\? 7 ‘/}5‘1 oL 0 & PNs 23 4 (rule) @ ’fﬁ%"%i‘?%ﬁ%)\
&

G ELE 0 R A Eh AR 0 4oR] 35 -
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£ 31 B &85 B ERp

By~ B R 746 5 B T
(Input place) (Transition) (Output place)
ETI - xi (Precondition) | % ¢ (Event) s ¥ % i+ (Postcondition)
ﬁi‘ﬂ *~ 758 (Input data) + & % Zx(Computation @?J 21 3 # (Output data)
step)
ﬁg?l » 2 5 (Input signals) | 2t 55 g2 % (Signal ﬂi%l 4121 %5 (Out signals)
processor)
7 /% F(Resources F % 1 i¥(Task or 2z F /% (Resources
needed) Job) released)
i% i+ (Conditions) B g+ o (Clause in 2% (Conclusion )
logic)
i f=(Buffers) feJ2 % (Processor) % té=(Buffers)

TR kR Murata, T. (1989) ~ # = <% (2007) -

PO P1
T0

(@m0

Bl 3- 4.5 4 & B (T0) & 8 L5

Bl 3- 5 # & & 2L(TO)i% &t

WEY o PNs - BERTFEYE PRAHL - R BES AP ALY
BV Bt B ap S 4% =2 PN B kS i7dash s 0™ (R AEI2 5 B Peterson
22 PN Aasmendh A ™ 2 Blom e fs /15
Digim AFL Y+ B2 PN A FeXBatefl »4oB 360 K »FF 238

PO & =|#7 k sz P~ - B 8~ WAz e FRERA D PLo
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pO

l

computation

- 4

i) 3- 6.computation

(2)3&‘1‘7\ A ‘??«LKF % 2. PNs ;U% o Bl HR AL 0 4e@) 3-7 t’f_fiﬁ’?{‘]‘%‘ﬁ—r N

39:—;’ 17%- ¢ (TO E\; Tl)ﬁ— ) f% %gl—f; ﬁ f,”:"(:‘ f;l» PO /TE*' E'J Pl(E\‘ PZ)?\I‘é% .

Bl 3-7 ik ik ]

(B)PNs «Fv3f B /H % iEA2Y » Haar 2 % R F|Z KL 4 F ~it o fde Vs Fiky)
#% 4tz (University of California at Los Angeles )i Estrin 4% chig # 77 #3848
“And” ~ "OR” @A 22 PN 2 & > i¢ * f & gh(node) s & F2 5 Hk (T el di

#] >~ # % UCLA graph model(Peterson, 1981) » 2 Z & Bl # fie ¥ & ida i PP

4T

Ay~ & BRB4E S AND BF 40 PNs BT $ i > 4oB] 3-8 T B ik
=T <l R S
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fg] 3- 8for AND input logic

B.% 65 1 xh & 2L 4B L AND pFer PNS BT $: i > 4B 3-9 0 T 5% b Py
(R )0

B8] 3- 10.for OR input logic
Dg‘;ﬁiﬁ*:%w%ﬁéﬁa OR e PNs Bl 77 # it ' 4c B 3-11> T2 L - = = o
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i8] 3- 11for OR output logic

3.3 ik % (Fuzzy Theory) 4 &

HoAs IRk thd L.AZadeh »> 1965 # & M1 B & 2 B R#HAHFE > 1Y
FIZAPHPEE G PR SOOI R 2 - PER > blde EESE X
PRI E % g4gﬁﬁ%<~ﬁﬁ BEEEEE TR FHIES LR
BAER o W IRH AR A ST E A SE A BT MR B BAAE L
ERgSS TR AT EAER (3 2 & ,2005) -

BiF 5 gk d $ONIE PR B RiE 2 A AERA L o ol F BB b T
FUFIE T RE R AR EE N hh s RESOL P e (s X
AR AT AP E 0 199) B AR R AR LY auEARY o (% f i
¥3r— EE Pend it 3 2hdopt il i 5 Glde s 2B R A T R P A
e B SEPE O L SRR b "R ATR R A P D

331lHp ket N B

CES WEFN R SEEN TR O Fo Eﬁzéﬁ’ ¥ - BREAS o
BAEEFT > BRE S PPET U T St AT

1, ue A
0, ug A (3-1)

BREZAG-BE X AL ADFhad % U E BT ARS
RIFH 7 B XaU=1: 4ok u~d 2 B>t AR & PUF RS diE Xa(u)=0 -
PR ABAELY S WRELY EAGLFREAM  SEFHNKE

Xa(u) = {

:;;\
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LA {rlJ’jI&gLFOJ P FE L
SEFHIFE 2V RLE S S E RFLFEFPHBLEL AL
IEF B % o 4 TG Ak BESRS o

FREEP LS AFRZRPREFEZEEAF LRV EF SR
ﬁ%@ﬁi%ﬁﬁﬁg3%%ﬁ£%ﬁkﬁimfﬁm’w%iﬂiﬁ%$%
Ak T ) B0V P RIR & B I3 cnd e UL o Bilde > W it AT
BABRA G0 BRAE - FAELET D S P FIE 528 R ERS
50511545 ZhAHEEALG{05-1-15} - HRE L2 e~ R

\

L PRl R R A E L R EARB A AT T2 BR
L gl R R R ORI T e RGR I A A R enif BARR - i
B & PRF i
Fe: U - [01] *u| > Fs(u) (3-2)
HP Us#hB Bawhelz-Hphs Fedphd Befipotic bt
A R P U Y AR uﬁm*“BfﬂfH;%bmﬁﬁz T Fg(u) 5 U
ﬁﬁ«|375f bR Fe(U) B 5 03 12 &> ®[0,1] 44217 1 £ 7 fFhA2Rk
fﬁs’ﬁi%&ﬁOWﬁ%ﬁﬁﬁwwgﬁﬁ’NW%

332 F Aenfiis o #

B S e ™ 0 ks 2 A m R S lidp § Y - B T ok
BEEH S - B RS N RARR s TR R ERFR MR
R R LRy Er R LA H BT 2 O REFENFLENT L S ko
AT e R EEY Y S BHPEOETAERGE AT o R (B
LA R o A% %% Chengetal.(2009)% Fay(2000). 7~ J*Jc L E R = )

BAEFEEHT (HPRhAREEY ) A ulfcitdeT
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(D) H254 F » ] 4

X<a

o =
X

F(x) = a<x<b

b<x

(3-3)
b x

X<a

x O
<8

F(x)=

a<x<b

QD

o

b<x
(3-4)

@) ils*

L

X<a

o B~
]
X

F(x)=

as<x<b

o o

b<x

(3-5)
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3.4 ik % ¥ 3 (Fuzzy Petri Nets,FPNs) 4 &

@ sienPetrinets(PNs) © % R H 55 & e HOB {0 md® 3% § 80 1 % SLRPRE o
REEF A ABERPHF A L A R T B EE PE AR R AR HA 0 5 HIR
FoOOPuE B EET) S B HRAURT 0 & L B PN kAR R AR feG L 3F T

EopRvE > AL RER Y s faphi L u- @l » 1 0iF
b o Sdadh enf R AR R SR R F R AR R (R L b dah
S SUERE ERAS G R IRE R L SRAE T 4 T L RJE S TR Y P AR SRR L
F* 32 > 4o Looney(1988)#-1& ¥ee PN 31 » A3 0 3 1 2 BciE 1 2 ¥ el
TARR I A RO RR] # H A kY S 2 fad @ PN (A BRI F R
B PN L H e 2 NI 74 ) hybrid Petri Nets» # ¢ 2. - % Fuzzy Petri

Nets(FPNs) » & A#= 5 7 #-i * FPN i 547 5 4351 2 o
3.4.1 Hos 7% B e (FPN) criic 8 342

1345 Liu etal (2017)% pt® ff 7L 2 Suraj(2012, September)4- %+ FPN 4 8
Brdirfes 0 A d BRIP4
Fuzzy Petri Nets i & % = =~ % : FPN=(P,T,D,L,O,f,a,p) :
P={P1,Ps,....Pn}% 7 d =% & gh(place) e & chp LR & o
T={tytp,.... .t} 2 77 o # 4§ & Bk (transition) # i & c1f LR & o
D={d;,ds.......dn} % 7~ ¢ ¢ ZZ(Propositions)#e = 533 *THE & » ¥ PnTnD=0

=

| :PT Z\'Tﬁ%l)‘ & #ic(input function) 5 =% & BT 2L 2 B o
O:T- P#% W%J 11 3 fc(output function) 5 45 4% 4 & B3| = ¥ & BL2 SLEC o
frTL[01]: B SRpEE 03 12 BP9 #icz Bl 530l o
o:PL[01]; % S Bbp it s 053 12 5 #ic2 BE 95 i o

B:PLD ;=¥ &4t T b AT B 5 S0 o
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= }*Jv”# LEGIRA > 4of] 3-12 > 2 E 0B 4EE PN 0t B doie de2h oo
WA -
 #% % temperature is hot,B] % % 5 humidity is low :
P={P1,P2} T={ t;},D={it is hot,the humidity is low}
I(t,)= {P1},0(t1)= {P2}
f(t1)=0.9
a(P1)=0.9, a(P2)=0
B(P1)=it is hot
B(P2)= the humidity is low

d it is hot 0.9 the humidity is low P itis hot 0.9 the humidity is low
0.Blel
It ~ It
PI ! p2 P1 ! P2

i8] 3- 12Fuzzy Petri Nets 4& 4 i 42 P
(@ #EgaghtlBita(b) BEGBLBETL -
7 AL kR : Cheng etal. (2009)
3.4.2 I_IF—THENJ & FPN ¢ 2 g #

BFPNs# Bl A h A EHESPEF & § @y b4 W7D -

Tigxkizd A NTHBRGEE > AP 4% IF-THEN rules $hitis & 8 ~
B FEEEE S DA T FEEA B R LR AR R R A 2 RP]
LR [ A 1o 1 - A ;g 2E H FPNS di3h e B 3 0 ok R4 - A
& %% Liuetal.3 B IF-THEN A2 FPN ¥ 2 L & 4 77 407
R; : IF P1 THEN PO ,(CF,certainty factor =p),Th.
P1 @ %7 3P|z = #& £ & (antecedent) o
PO @ % 7& 2P| Z %3 (consequent or output) °
R: 274%m4an ez 82 RE{R,R,...R}
CF=p > pe[01] » % 7 % FI+ 30 RARL L FhARR (R R) -
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Th={ s 0p.. N} > &7 d &2 =% m%%%{m&ﬁ@},&gﬁ iz g« | 2 (threshold values)
irlm a2 B & o

i ¥% Fay(2000)~Cheng et al.(2009) 4- ¥+ FPN fai4 427 » &~ 4+ 2L B (rules) ~
THREEEEETAPI MR

(1) Ri : IF P1 THEN PO ,(CF,certainty factor =p), Th.
(‘I.(Pl):)bl ’ CF:M ’ (I(PO):}\Q:)\Q*H

(QDrule % &8 &2 2 I R;: IFPLAND P2 THEN PO ,(CF,certainty factor
=w),Th.

a(P1)=\; , a(P2)=As
0(PO)=ho=(hA)/2 + T B B je T 3o o

(3) itrk ¥ THCR AR - RS R A R rule g -

rule pF > # A

Ry : IF(...)THEN POy, a(PO,) =)

Ry : IF(...)THEN POy , a(PO,) =\,

a(PO) =N , o= 0y 1)
&gy Fay 73 D BRI (rule) 22 B & B 5 Ao 3% Ao /1 3T MAX (M, My)E Acthy-Audy
2_ ¥ ; &35 Cheng et al.(2009) & & Rk 5ed83% = 3% > Bl A=MAX (A ) » B~
KB AL RS N IT LB rule B2 E N o

SFrend o FPN & B %L P ag~f (dedf s s > w3 12 2355 P ik

)% 38 §F B ol 11%?‘?5{%%1&(%1?%&7@)# % IF-THEN 42i%38 & & 2.
FEARLY N ERYEFA 4 0 2% Liu et al.iB T Bl 3-13 1 B 3-17
Fop H 2L A FPNs 4834 Bl A5 28 ~ 5 % ¢

(1) B 3-13 > TIF..THEN... ;> £ P A Po o & % | & 8L Py & % % 4% 5% B_15
P A o PSR E ST S PO
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® 3-13 "IF...THEN... | 7 & B

(2) B 3-14. TIF...AND...THEN... ;> ¥ IFP; AND P, AND...P, > ] Po > ¥ % ]
PPh R iE 0B AP o T - AR FFEF AP RIBE S
B AAK S EMF I L PO ded shA DRSS [ r P A5 B

MBI B R frEe R &

Bl 3- 14 "IF...AND...THEN... | 7+ & ®
(3) B 3-15." IF...or...THEN... |» 3% P, or P, or...P,» {| Po; ¥ 4§ e Hr 5
BRI PPt - B iR EALR AP RIBE SRS kSRR S
EHEF L o Gldr o FE B A B FEE 3 X A N LS B B TR
WX APE R AR R R E o

@ 3-15. "IF...or...THEN... ; 7+ & B
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(4) B 3-16 > 4p % >> TIF...THEN...and... ;» % Pi p| P;and P,and...P, - % =
BIPIiE AR P BESIEEL S RAER AR EBETLEP 2 P,

2 E P A2 o dogp it b GRI AR O AT (ST

B 3-16 "IF...THEN...and... | 7+ & B
(5) B 3-17 > 4p % ** TIF...THEN...or... ;> %% Pi ] P,or P,or...P, - % % @] Pi
EERB P S RBRESEY 2 - BRESL > SHE R A L S
BT L E P Py AP E 2 - S § S FEEX AR

PIBLZRBE TR AR (7 MR B EHE S BT 5 L)%

.. To . B :
: : = : 1@ :
//1/
R e
- e o 1
LiITNgIIily :
\mhl-.ln g B R L pAa ]
e O

@ 3-17 "IF...THEN...or... | 7+ % B
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35 AT AT - TIORE AR FHERERAM

R RAFTLPELBTRERE SR AT LRAF =R R
B (knowledge base)z. 7 & » R MR T2 R ~ KM G R 2 FHEA
CERIEE Tty INE RIS TR o Sk EEE et S N T
T H TR AFERKL TIRE

351 ABEFEARIRAL

BREFIFERFIRI YL, HY L RFaE

H
A}
4~
ERN
A
&
%
a0
[T

iﬂ»ﬁ']%ﬁ::l'—'—z‘ "};—“"‘I‘.’:I'-kﬂqv%hﬂaﬁ/\mﬁ f ﬁi‘ ﬁﬂi’& ‘ﬁ—;é'.:_'?;]z

(1) B PaBbe 73 B % - R PEFRLTEE (53 i b prER S A

s 5'J—§ i%‘fb?ﬁl?\: m ° |°

@ %LziF T78 288> REFELETIHL o ¥ 1Y W gL 1y
RAEE 2ER2 LR U R TREERR AL - BERY
- B2 BEH s B R4 AP AT AEBELS AP ERF O FM %
FR(PBA)RZESEET 72 > WREFEA- T - BEERRET

LF - 7= B % >EH

R A D B ? k2 ol Pk (block)frie s > - BT A G

# B F 2 % [ (block) (Sama, Meloni, D'Ariano & Corman, 2015)> x F]{7 & & 2> >
FBREAIEE- 773 o 5 BREERTESERBIOmMY > § 52 0Py
TRIPFE BHSTBERRY PR ABET L% (8) ZFE%
R = B)&a- BFE®(BEX S Bp)F4pT i d > 5 - BF & (B =
AR(FR) B 318 FPAFEF R A D 2hpE s P B F iRy R
SR REER AIERERE T EA B EHBRATE T TAE R
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_ ANz g \ ) ,};ﬁﬁ, ’
Gz R A R Tl AL
G A IR — B 2 |130 120|110 110  |110
geam |72 VMRS 120 lh1o |10 |110
- PR N A
TER | R 60 |70
|3 e_E L m 130 120|110 110|110
B i s —
gy 110|110
TRA |~ — R 130 120|110 110|110
rwg [PRFATTIEE G, 120 110 |110  |110
Pi@m |[FE_ LA 110|110
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5.1Phase0 % £ #Fm ez & %F

7 Phase0 Ff o #-& freuif i@ A7 7 (7 2 35 5 AR Ao B 9722 4 PNs 10
B F o d A et ek i (Mo)4a /% I B 18 31224 i (M,) ;s Murata(1989) #- PNs
TR R BT (T E s B FREET )T A 5T
Murata 2 4 #g 3 14 ¥ i |+ (Reachability) 2 7= {2 (liveness) it &z % 7 2 PNs #-3]
EFEgdahin? 2%E 2 AR 2 HREEHAP 407
(1)¥ i 2 (Reachability) : 45 & s fi #4425 iz d5 transition rule » & PNs ¥
£ % 3%k i e transition(enabled transition)z g (firing) #- ¢ 22 5§ tokens
% PNs chs % o
(2) &M (Liveness) : 418 i® ks d 25 T 54 (deadlocks) =54 2 » @
deadlocks 74 & PNs @ transitions { = i jr3¢ 42 5 (fire sequence) ¥t 7 i
® e
()% # E AR *
(A) B s+ L (Incidence matrix) * 45— 1 ¢ n i transitions 2 m i places #7
#+PNs(C) E ML (A) 21 5 TA=[ay], a5=a -ay 27 gy =
w(i, J) > ¥ tansition i > out place j z # £ > a; = w(j, i)> 7 input place j >
transition i 2. £ ; ¥ % Peterson, J. L 7 B Matrix Equation Z_s P #-
aij fi s aig?] A48 3 dc(matrices D* for output function) » aj 5 @%J ~ 4B
& fic(matrices D™ for input function) > A7 3 ¢ < 45 i R#k * Peterson 2
Fut > 3 s 1 flmp > % D =D -D’,D for composite change matrix -
(B)s& it = #% 5% (State Equation) : $-1F + i composite change matrix D(12 *
D& F)E M My = My + X*D > M & 77 & Sudede e ik 0 My & 7 d
My #7 4ok i 5 X(X % 77 ¢ transition firing e = efg B )45 & 2k i e
Mqn—=>M, ,x for a sequence of transition firing .
T A L) E R AR S QI R EE SR w AP S A b Uk

72 ()T - it A Rk TR S A = Reachability tree o
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5113 FRFRREL%E

4ol 5-20 B ERFEEAY R LR 0 B AT B3I (PNs) ¢
transitions % 3k i (enable)x ik ™ 2 g (fire)— % 7% 42 5 (firing sequence) >
i place » token F|:£ T — B =% & 8L T PNs ek ik e 8 o

?}5 27 F R AR B

D (@?J B
PO |P1 |P2 |P3 |P4
TO 1 1 0 0 0
T1 0 0 1 0 0
T2 0 0 1 0 0
D* CRE LY
PO PL | P2 P3 | P4
T0 0 0 1 0 0
T1 0 0 0 1 0
T2 0 0 0 0 1

PO [ PL [ P2 | P3 | P4
TO [ -1 [ 1] 1
T1 | 0

T2 | 0 0 | -1
Mo : (PO,P1,P2,P3,P4) = (1,1,0,0,0)

Mn = Mm + X*D , X; = (T0,T1,T2) , X;:

M; = Mo+ X*D , X = (1,0,0)

o

KN
OO
OO
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M, =(1,1,0,0,0) + (1,0,0)*D = (1,1,0,0,0) + (-1,-1,1,0,0) = (0,0,1,0,0)

M,= Mg+ X;*D, X;=(1,1,0)

M, =(1,1,0,0,0) + (1,1,0)*D = (1,1,0,0,0) + (-1,-1,0,1,0) = (0,0,0,1,0)

Msz= Mg+ X,*D, X,=(1,0,1)

M;=(1,1,0,0,0) + (1,0,1)*D = (1,1,0,0,0) + (-1,-1,0,0,1) = (0,0,0,0,1)

GiveasetP:

P={My, M, M, , M3} ={(1,1,0,0,0) , (0,0,1,0,0) , (0,0,0,1,0) , (0,0,0,0,1)}
Reachability : AM :

(1,1,0,0,00>T0->(0,0,1,0,0) = My=> M; : My is reachable from M.
(1,1,0,0,00»T0->(0,0,1,0,00>T1->(0,0,0,1,0) : My=> M> M, , M, is reachable
from M.

(1,1,0,0,00>T0->(0,0,1,0,0) >T72->(0,0,0,0,1) : My=> M;=> M3, M3 is reachable
from My .

Liveness : absence of deadlocks in operating systems.

5.lI2 83 &2 2% 2 IR 2L %RE

HPEH 53 hh fdok 510 A4S s S 2 2% A D PEE 2 7 (PNS)

z_ Reachability 2 liveness % 2% -

pS main line second

Ro s etim
o ‘il
1
in an n on
- -
o 1 o 1
p1tstop the outside

B15-3. 2 =33 &2 S % w2 B

57



D’ (@?J ~ ig-l‘i) :

P12 [ P13 | pl4

P10 | P11

P9

P8

P7

P6

P5

P4

T3

T4

T5

T6

T7

T8

T9

T10
T11

D* (@?J MR

P12 | P13 | pl4

P10 | P11

P9

P8

P7

P6

P5

P4

T3

T4

T5

T6

T7

T8

T9

T10
T11

D=D"-D:

P12 | P13 | pl4

P10 | P11

P9

P8

P7

P6

P5

P4

T3

T4

T5

T6

T7

T8

T9

T10
T11

M, : (P4,P5,P6,P7,P8,P9,P10,P11,P12,P13,p14) = (1,0,0,0,0,0,0,0,0,0,0)
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Mn=Mm + X*D, X = (T3,T4,T5,T6,T7,T8,T9,T10,T11) :

M;= My+ X*D, X3 =(1,0,0,0,0,0,0,0,0) :

M,=(1,0,0,0,0,0,0,0,0,0,0) + (1,0,0,0,0,0,0,0,0)*D = (1,0,0,0,0,0,0,0,0,0,0) +
(-1,1,0,0,0,0,0,0,0,0,0) = (0,1,0,0,0,0,0,0,0,0,0)

Ms= My + X*D, X, =(1,1,0,0,0,0,0,0,0) :

Ms = (1,0,0,0,0,0,0,0,0,0,0) + (1,1,0,0,0,0,0,0,0) *D = (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,1,1,0,1,0,0,0) = (0,0,0,0,1,1,0,1,0,0,0)

Ms= My + X*D , X5 =(1,0,1,0,0,0,0,0,0) :

Ms = (1,0,0,0,0,0,0,0,0,0,0) + (1,0,1,0,0,0,0,0,0) *D = (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,1,1,0,0,0,0,0,0,0) = (0,0,1,1,0,0,0,0,0,0,0)

M;= Mg+ X*D , X¢ =(1,0,0,1,0,0,0,0,0) :

M-=(1,0,0,0,0,0,0,0,0,0,0) +(1,0,0,1,0,0,0,0,0) *D= (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,1,1,0,0,0,0,0) = (0,0,0,0,1,1,0,0,0,0,0)

Mg= Mg+ X*D, X;=(1,0,0,0,1,0,0,0,0) :

Mg = (1,0,0,0,0,0,0,0,0,0,0) +(1,0,0,0,1,0,0,0,0)*D= (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,0,0,1,0,0,0,0) = (0,0,0,0,0,0,1,0,0,0,0)

My= Mg+ X*D, Xg=(1,1,0,0,0,1,0,0,0) :

M, = (1,0,0,0,0,0,0,0,0,0,0) +(1,1,0,0,0,1,0,0,0)*D= (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,0,0,0,0,1,0,0) = (0,0,0,0,0,0,0,0,1,0,0)

M= Mo+ X*D, X¢=(1,1,0,0,0,0,1,0,0) :

My = (1,0,0,0,0,0,0,0,0,0,0) +(1,1,0,0,0,0,1,0,0)*D= (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,0,0,0,0,0,1,0) = (0,0,0,0,0,0,0,0,0,1,0)

My = Mo+ X*D, X40=(1,1,0,0,0,0,0,1,0) :

My; = (1,0,0,0,0,0,0,0,0,0,0) +(1,1,0,0,0,0,0,1,0)*D= (1,0,0,0,0,0,0,0,0,0,0) +
(-1,0,0,0,0,0,0,0,0,1,0) = (0,0,0,0,0,0,0,0,0,1,0)

M, = Mo+ X*D, Xy; =(1,1,0,0,0,0,0,0,1) :

My, = (1,0,0,0,0,0,0,0,0,0,0) +(1,1,0,0,0,0,0,0,1)*D= (1,0,0,0,0,0,0,0,0,0,0)
+(-1,0,0,0,0,0,0,0,0,0,1) = (0,0,0,0,0,0,0,0,0,0,1)

GiveasetR:
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R={My, M4, M5, Mg,M7, Mg, Mg, Mo, My; , Mo} =
{(1,0,0,0,0,0,0,0,0,0,0), (0,1,0,0,0,0,0,0,0,0,0), (0,0,0,0,1,1,0,1,0,0,0),
(0,0,1,1,0,0,0,0,0,0,0), (0,0,0,0,1,1,0,0,0,0,0), (0,0,0,0,0,0,1,0,0,0,0) ,
(0,0,0,0,0,0,0,0,1,0,0), (0,0,0,0,0,0,0,0,0,1,0) , (0,0,0,0,0,0,0,0,0,1,0) ,
(0,0,0,0,0,0,0,0,0,0,2)}

Reachability : AM :

(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)= My=> M, , M, is reachable
from M.
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T4->(0,0,0,0,1,1,0,1,0,0,0) :
My=>M4=> M5, Ms is reachable from My .
(1,0,0,0,0,0,0,0,0,0,00>T3->(0,1,0,0,0,0,0,0,0,0,0)>T5->(0,0,1,1,0,0,0,0,0,0,0) :
My=> M4~ Mg, Mg is reachable from My .
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T6->(0,0,0,0,1,1,0,0,0,0,0) :
My=>M,~> M-, M5 is reachable from My .
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T7->(0,0,0,0,0,0,1,0,0,0,0) :
My=2>M4=> Mg, Mgis reachable from Mg .
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T4->(0,0,0,0,1,1,0,1,0,0,0)
->T8-> (0,0,0,0,0,0,0,0,1,0,0) : Mg=>Ms>Ms>Mg, Mg is reachable from My .
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T5->(0,0,1,1,0,0,0,0,0,0,0)
->T9-> (0,0,0,0,0,0,0,0,0,1,0)

Mo=2>M4=> Mg=> My, Myp is reachable from Mg .
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T6->(0,0,0,0,1,1,0,0,0,0,0)
->T10-> (0,0,0,0,0,0,0,0,0,1,0)

Mo=2> M4 M;2> My, My is reachable from Mg
(1,0,0,0,0,0,0,0,0,0,0)>T3->(0,1,0,0,0,0,0,0,0,0,0)>T7->(0,0,0,0,0,0,1,0,0,0,0)
->T11->(0,0,0,0,0,0,0,0,0,0,1)

My=>M4=> Mg=> My,, My, is reachable from M,

Liveness : absence of deadlocks in operating systems.
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5.1.3.Reachability Tree

T AT 2 WAEA b B My S - kP BARR TE M, TR ¥ M ki Murata, T.¥4>% Liveness 2. &
&> AT A2 PNs #75 g A2 R ¢ 0 73 0 transition(TO~T11)32gc5 38 > # 3 2 > #F 7 #3A1 & & Liveness ¥ # &

L4-live(*75 g 4254 ¢ » & transition & - o - =0)2 138> sx A3 & i 483550 4 > 2 Reachability Tree 4-§] 5-4 -

T8
TO T1 (0,0,0,1,0) (0,0,0,0,1,1,0,1,0,0,00 —> (0,0,0,0,0,0,0,0,1,0,0)
(1,1,0,00) —> (0,0,1,0,0) < Y Ly To
(0,0,0,01) —>» (0,1,0,0,0,0,0,0,0,0,0) (0,0,1,1,0,0,0,0,0,0,0) {0,0,0,0,0,0,0,0,0,1,0)
T2 T3 - 6 T10
(0,0,0,0,1,1,0,0,0,0,0)
T11
il ¥ : 0,0,0,0,0,0,1,0,0,0,0) —> (0,0,0,0,0,0,0,0,0,0,1
Reachability tree(verification) (0,0,0,0,0,0,1,0,0,0,0) ( )
S man ine sec ond
O
. I;*_, ass-s.l\;fht_j:'te first
| — L e A T
1 ! o — __ﬂ_)f'/.pﬁtnwaun v ;;h--,__q___ \'i.\_\ e Pz
e o e= = e e R, A B
{:__ 1 L -C ‘) T — L h{f:‘_) L — 1-{? - \3}(\"'1 -'__ i I _'“':_f.(‘ 1
1 < 1 1 ! 1 ! 1 N - 4 “:ti_’i-“““'-’”_‘__‘_'_‘_‘:-: seTsnd E - ., Pi=
Po T o T Sl
_.} ——— % T kN -b:..__,)
(:-) -:)I{Jl(:lcm e .'uxlfm(;%t:!:;n_r:ci_ D:_H — Pia
B — o 1 1 - ’_—“)
- a 1 -
op s he cuside
_PNs layer (model) ]

] 5- 4.Analysis Methods of validation processes
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5.2 Phasel ?F%’iﬁ?%&g_i

i Phasel f¢f » 28 7 7 #-F A A

WEEPELS A D TIRER CHE I R 2

fofs & T 8 TP 2 fiol (o
5.2.1:% =~ }JX#*'JEIL 28
e AT Y 2% - R T
JRR 2_
02k 5 MRT 4 5% » 4o 5-6)% &

o Bpmp ks AR s LA X D

B (B

7"

IE’

£ At st AT G AR R

A A E Q)P FRE 4

W 3 i
ERY W

ﬁ%’ﬁ&QﬁﬂﬁﬁfF%%%i%%ﬁﬁéﬁii%%Wfﬁwﬁ.
el uﬂ} | Pl i A AT 1 SLAR R ok AL B AE

R4 % 5-1o

% 5-1 2 §apmy B (d ] pHE %)
F LA A L W Y a1
(3 R) (B W)
N N e 12 5] = 28 71| = 7 7=
72 #
SOl pEE B IR 54 /1 7= 2.14 A 11 7= 8.5 & /1 7=
XM PRI B A 5 7= O(¥ - 2 f8) 2 7=
LM ] PRI BT B 7 7% 28 71| =& 5 5| =%
FHRR AP LREF AT *2 2B TH -

x o L P g & (Crisp Set) »
E o ARE -

BEEEFY25 A/ 5=

RS IR T LT

v 2.7 AL K E

X

2p 22 Y

K?'Ii/;’);?—g' F’E&

v F T ACT L

(1) D(node) ={TRA taipeistation ~ MRT taipeistation ~ TRA taichungstation }

(2) H(headway) = {5,2.7,8.5}
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522%%1_@_., *

& 5.1.1 3~¥ Crisp Sets {5 £5: - 4 & (interface)?~# & ~ F jF i -~
CEHPELE R W AR S N AN L EIER SR UECY XN 32

e
1B °

RIpEHRCBME FRERZIEEA D G AT B FEPFE TS S
PRFIE- TR NAFEEL >  c WwRSSERGFIEFERE TR

,iéﬁ‘ﬁzj :'rT;;IJ?r"Vl V2 iﬁf—rp% *}ﬁ i lu/ﬁki’i"}i
CRREEEES S ANE(S R NE D R PR L)
S SEEE Signal 1 Signal 2 AR
K193+286 K1944732 K196+100 K197+434

=====================================P
.......... L o : vi “
B
e
A ATPEET R (EFE )
120 L
// \ I_O S
60 / — [ [h17
// \ = s

0 2 4 L]

F558%7F:8FEwRLH

e :f2e;a723 5 VI-V2:VIEAF2 V255772
(2 Besz FHEE 1 A Y S i A TH] 120Km/Hr o
@EEEL Y FFERFF NI E AR 2% § VI
CEEL 2P RGE KIMHTI2 A w B R EF T A AE AT
BT iR TEE H 5B V2 RELRGFE o PR BT M- TR AR
El+  §REEKFFL Ny B @R > 4od 51
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Ad v T4 R TIEBER
V1 2 BB (7 5305 hppd(2 2)/38 7 p5 ¥ (pF) = 4.057/(4/60) =
BIKMMHr Bt ft G HER G R &2 L F -~ PR2ZER -

B.4 ¥ xhd =3 xh:8 i 51 (0S ; 4ARA(K193+286)=4L(K193+732)) » V1 %
B MU b SUEARE/T 553 B = 0.446/20 = 0.0223 0 4 % 1.338
A

C.o# VIARE & 3 0 5} (7225301 4L(K193+732) » s A H /=2
I 5 AR signall(K194+732)4 ¢ =k & 4 (BI)1 42 7 (7 014 BLEL 7R
4 i AR (TR S X PER ¢ 1/55 = 0.018181818 » X 5 1.09090909

A} o
*5-2 % FERERiER
segment distance(Km) |average speed(Km/h)| time(hr) | time(min)
the first block
(South) 1 55 0.018 1.090
OS(south) 0.446 20 0.022 1.338
Taichung=Daqging 4.057 61 0.066 3.990

FhoogAEAE VL R RaE T oA%E signall 10 F 248 & > T
S - BPRESFL SO ERPTIE L 248 A 5 A dp sk p T A
B(V2 B R ET)Z PR AR T OSBRSS R AL B BT AL
¥a254 o

FErd V2o BhA AT FRFFIEPIE B LB e glr Mo
AR R I RKT P KT oo AT £ 32 R HRA
Juk s ar 1.25 o (GExb3aE 0.75 & 0 Mk 05 4) ) kTGS 28 FIg
30 44 (248(4)+L.25(4)) 0 A SR B B (FLEE) 5 4.4 o

FEIBEFTEFLEEENS PR A2 JAPH G IIILERLTE
RILERBEL AW Fiet - TERAOTHRFER > AT - BREEER)EFEFEL
bo b A B MR PEA TS RAREE R > X 2.5 4 (1.09+1.2552.34 &) > TR
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FEDFR=(REE D FR)H(RAEREL) 9654 BB BIEE <3 0
6.5 448 0 AATY EEBE KWL S 04 0 FAF BRI L 1A Aok T
PR VIR FIREV2 5 1) $30F 2 26384 5 55 4 (6.5-1=5.5) » Fhu 4 fo
F| B gD IR WA B RT % ﬂu#ﬁfﬁ'ﬂﬁjﬁ B A AT

(Dot s Auy A B R -R 2G| #5 FREFL - FET FEY
BORLARGE ) 0 Ji i 7| @ 2 3 (y) 82 7| |2 R B rE (DR 5% 1 y=6.5-1 > 2@
56 % 7 -

RERIR-ER T BRI

5 N\

C N

3 .

\ — s
1 .

0 \

1.00 2.00 3.00 4.00 5.00 6.00 6.50
HERR(T)

(FSF A

({13
s}

e
]

B15-6 78 % 8 FIEEai iz B4R
@tk A~ T EE B A 7 LBR 57 L EFFHERE L p
y=X
p=F(), & r 2@ p L FhE > S R EA 53

0 Xx<a
X-a
F(X)=q—— <
x)= b-a as<x<b (3-4)
1 b<x
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vl 1 0 Y 2

25382 FIREFHE

F B | WA fuzzy value
1 55 0.846
2 4.5 0.692
*2.5 4 0.615
3 3.5 0.538
4 2.5 0.384
4.5 2 0.307
**5 15 0.231

THRR AP LR

(3),}; F&gﬁ fﬁg_’,J gc T’f B fg;_y‘ —F‘J-_ET ’ '}‘]ﬂ—%{;lj —g "%’ Qﬁ&{ F’l’”ég‘@‘;’f‘
BH O FEZERFFESEFTF SO HARRYE ARE F LR

e T SRS NRE B RAY BRK > APy 2
Cheng, Y. H.& * A4 > ;F*Je PoEF 2o 4R 7% 30 B (discrete membership
function)2_ 7 /% % 18 (express train,0.8 ~ commuter train,0.3) ¥ ixy5 H & =% fic ¢
“#ﬁﬁiﬁwﬁﬁ.“%éﬁﬁﬁﬁéﬁﬁwﬁV%@ﬁ:Sﬁ’éﬁWﬁ
B & 1 ((0.8%5)+(0.3*7))/(5+7) = 0.508333333 » * %% %+ % ¥ 2_ 4 4 $4iF
B LY L2 AR R - kAT RE - B fE

BE OB P2 FhiT R 030 © AR 2§ T -
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Fr g 522 AP R E A FAFRELFE A EES A

PR UREI S S E IS - T
(1) D(node)# 7+ o sdem¥t e i~ 2 F & o dod i E Axh s RS Y b H
S
(2) headway sets(H) % 7+ ¢ 3 & B g 74~ 2 & & ,H={ho h1 hy..} °
@ FHARd HEE? L Ad o rit 2 AR THES2 k& FH = fn
M2 se Aot ©
(4N £ 7 d 78 gﬁtfﬁiﬁ;% 2.8 & N={nyny...n} -
(n={1,j} i for the numbers of express train/ 1hr , j for the numbers of
commute train/ 1hr)
(5)FN % 7= NApst ez 5k B & FN={h1, Az ree Ao} ©
(6)a % 7+ fuzzy function » #-= % & 2hp 2 tokenpr i+ 3 0 3 12 FF 9 #c2 M
R
(Nf-To[01] A& BEp o1 03 12 BFF Bz B 5 S fic o
(B)i-h Hithst h 2 A B & A A boT
(@) D(node) ={ TRA taichungstation } -
(b) hy = 60/(i+j) , H(headway) ={hy,h,...h,} = {5, 2.7, 8.5}>ax(hy)>FH
={0.23,0.58, 0} -
(c) N={ng,n,...n.} = N{{5,7}.,{0,28},{2,5}}>a,(nx) > FN ={0.508,0.3,
0.442} -

5.3 Phase2 FLlikk » e shiF &

B RS 5 2 RN JEE it Phasel P AR Y B GE R 18 11 (D)
FESNEZT QL HE rRAFEFTR e B FE 2 A2R) 4B 5-10
FEANTHRE LB EAEIN IR L BEFL AT BB EH LB
AP sk K BIEE

(1) Given Sets:#-14 7 f £ P B F B35 e ¢
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A:TEST1:MRT taipeistation.
Membership degree sets:
FN,={0.3},FH;={0.58}

B:TEST2:TRA taipeistation
Membership degree sets:
FN,={0.508},FH,={0.23}

(2)Algorithm of the Inference Engine :

Denotation:
H = headway Set , H ={h0 ,h1 ,h2,...}
FH =afuzzy setof H, FH = {Ah0, Ahl,...Ahx }
N = a set of number of train type , N ={n0,n1,n2,...},
n={(i,j)} , i for express train numbers/h , j for community train numbers/h
FN =a fuzzy set of N, FN = {&o, Anl,...Anx }
T = a set of transition = {t0 ,t1,t2,...}, f is fuzzy function for each tX inT=f : t—[0,1]
FT = a set of membership degree of tx ={u0, ul,...}
P = aset of place = {P0O, P1 ,P2,...}
Input: FH , FN
Output : R ={d}, R for the result set , d for the result of membership degree
Z=max(1i,])
Subject to
60/(i+j) < 2.5, 2.5 for limitation of signal
Stepl planning
PO =Ano , P1 =Ah0
(Ahx +Anx)*0.5 =\
f(t0) =po
A*uo= P2
step2 accommodation
IF P2 > = the limitation of signal :
Check the operational plan = d0
Else :
Simulation of operation
triggering the status of accommodation of the station (P5)
IF PS5 > Athresholds
Train stop outside of signal device
The risk of delay is high = d1
Else :
If Athresholds < = PS5 <Athresholda -
Waiting on appropriate track
The risk of delay is acceptable = d2
Else :
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If Athresholds < = P5 <Athresholds -

Else :

Step3 result

For each dy in step?2 :

Interpret dy

END

Open up the station routes orderly
The risk of delay is acceptable = d3

The Train follow the former one by CTC = d4

Design
Pattern laye

Flow chart
for
algorithm

||||||||||||||||
] '

v

1

| EmwpiE — )

copERiLs |-y EmERE

Y

|mrmismmy -] BoEks

FIEEfFHE

ol )

Inference engine layer

B8] 5- 8 flow chart for the algorithm
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@i E B i e® T3 R AF
The result: R:{d} for the result set, d for the result degree of membership.

A: TEST1 : MRT taipeistation :

.*(0.3+0.58)*0.5 =0.44 = P2 < 0.45

P2 * f(T2)= P4

P4* f(T3)= P5 = 0.440> 0.37

(P5 *f(T4))= P8 = P9 = P11

((P8+P9+P11)/3)* f(T8) = 0.440 = P12

Path:P2 >T2>P4->T3->P5->T4->[P8 and P9 and P11]>T8->P12.
.. Input sets:{{0.580},{0.3}}>R:{ 0.440} for " 7|2 Fd k& F - |
LR SR R AR 54

% 5- 4. The membership degree of each place in TEST1

place  |po P1 P2 P3 P4 P5 P6 P7
Degree | 0.3 [0.58042|0.4402 | 0 |0.44021]0.44021| 0 0
Postion | P8 PO | P10 | Pl | P12 | P13 | P14

place [0.44021(0.44021| 0 [0.44021|0.44021| © 0

TR kR D AT R *Y074n token A Ak A} 4 3 3% Place - .

B:TEST2: TRA taipeistation:
"."(0.508+0.230)*0.5) = 0.3696=P2 <0.45
P2 * f(T2) = P4
P4* f(T3) = P5 =0.36955
0.25<P5=<0.37
(P5*f(T5)) = P6 = P7
((P6+P7)*0.5)* f(T9) = P13,f(T9) = 0.9
P13 =0.332596
Path:P2 2 T2>P4>T3->P5->T5->[P6 and P7]>T9->P13.
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.. Input set:{{0.23},{0.508}}>R:{0.332596} for " 5| & &k *%& ¢ - ;> &
% & Bk FHARR & 55

# 5- 5 The membership degree of each place in TEST2

place [P0 P1 P2 P3 P4 P5 P6 pP7
Degree | 0.508 [0.230769| 0.3696 0 0.36955 | 0.36955 | 0.3696 | 0.3696
Postion |P8 P9 P10 P11 P12 P13 P14
place 0 0 0 0 0 0.332596 0

TR kR D AT REE 0 “074, token AR A T 3% Place -

5.4 Phase3 %% & D1 27514 3Fptid g

soif Phase2 PR Bdaiw 6 B P32 %% 4o TEST1 2 TEST2 4 %] EF 3| T 7|
BT MG 2 TR MY 2 BRI r AR E o B
Phase3 Fg fo#-11 & 4B BE % 5L BB A T RA T £ 756 ez #7914
2R E P EF AR ¥ 3L - Phase2 ¥ 3a% Max(i,j)>  TEST2 ¥ 2 44 &
HE T B S A4 B o] pF 12 5K (60/(i4)),i=5,j=7) *HEiEE
BRI SRR E RS NHREA T WA TR e TR R k- R

B A AT

541 TESTL 514 FE %

BTESTLY » #iEFaREF, L2 F TR AF T 20T ET
AT BEHERG REE > ZELEPL FRBFRIESL  wBI5T 0 &
AFTHEAY ANSE G TAD v g 0 Wik L Rule8 B GiEptii
HEBRPE 2L AFEIFLL > £ 56 L HHEEE Y L H o BEE S B 225
2 R A (T I TR 2T A) %R P L5ARE- PRz b | FEFE(Y
252) MEREF RFEF > BEEF D o b g Y a2
AABE 2 B P BR(THFRY 214 4) 0
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EiTE

e b33 i it oz )| e PRes i e Cas

@ LU

ain| of agnl | en U'\ ol o o
- e e Bt :-: ) e Bt e .. .A
| ol om 7 o A 2| 8l Ol HpEm| -

B 5-04 ¢ 527 A% 2 g2 8 (70
542 TEST2 r1 4 A2 %5

% TEST2 ¢ > Rd 48 BREF 2 AAEF I FIEZ 78 BBk »
Frz i3 st P B aZEe T 248§ TS 1255/ pF 8
B8 il 358 s 5170 4o 5-11 faiF AR % &5 Rule5(IF P5
THEN [P6 AND P7])%# Rule9(IF [P6 AND P7] OR [P8 AND P9] THEN P13) - =

BEASHELAE T ARERIRY CREA TR T D FEI D
ZAERD D AR RERNBET TR EE T IR FEs D 5B ERR
R TE SE

FUBAT R v E g (node)hE RBRFRAFE > 40 #H 2 1
R~ 1258 5o LAy B 2bd B - S BT AT TR B AR
TYREE(d b AP )2 RREFE S B 511 F BA T 0 © Akl

WA T RAF RGeS AR U ERLG Y E

(Rule9) > ¥ f @ =bA SFFEfIE 7 i 7 2 =k F @58 (Ruleb) » sc#-7]2 3t 4 5
B ERTHO PR AT S NEFERE L 0 4R 5-13 T B B #7or o
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Bh(4 ¢ b)) R )SagE A E L > TERREAE TR
e ]
Elsgad Time: 657 ETEE I’_ bEE g J_ e

yseL

gssl
oL

5
4564

3
95k

B 5-10 5|2

o & o) ]
= =3
L %1 L
N A
o =
Lom

Frm (A)is (B) £ B v #F
5.4.3.Stress Testing T £ 133t : 23

oA s RAG

s
1B

'_) ’ E]J_F_ '4( » — ]lJ
* Rule8 = 2 » " TEST2 k siff 2 % I

B2 Re FH | FNE 2w BT 1275
TR HRESTL(Te ERAT TR
:&(Stress Testing) 15 2 2 & & 4T

,;\ EIJ ,< ‘,L,@ 4 #ﬁfﬁ
PIRLS kg 2 4 T - B4R
(& e | pFE = 5 B 17 13 73 % S($H5L7) 2 il $ 5] 2 §=617)
(2)Given stes :

(headway) = {4.6}> ax(h)>FH; = {0.289}
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FN, ={0.530} «

Input set: {{0.289},{0.530}}>R,:{ 0.4062} -

Path:P2 >T2->P4->T3->P5->T4->[P8 and P9 and P11]>T8->P12 > ' 51| & 3§

#h %% o o Stresstesting ¥ % = ¥ & gLz ﬁp?fg%ii%zr% 5-8 o

# 5- 6. The membership degree of each place in Stress testing.
Place PO P1 P2 P3 P4 P5 P6 P7
Degree 0.5307 | 0.2899 | 0.4104 0 0.4103 | 0.4103 0 0
Place P8 P9 P10 P11 P12 P13 P14
Degree 0.4103 | 0.4103 0 0.4103 | 0.4062 0 0
FTHKR AP RE -

(3)Result and verification:

hAFET Y

&

L

\

4855 ¢ > o~ 5% BT Ruled 2 Rule8> 7|2 4 i
hied P AR A B SEET A E | 2

Ak o 4@ 5-11 0 # 3 2 o

& TEST2 % 30 4 52T ffr2 ¥ % 12 5= /-] PFR 45 » — 7| = (4753F) T ¥ &
1 s

37| /1 /] pF > 4e@] 5-13 m A AT7 0k SR A # 0 TEST2 T 7 It
3 o

AT

Elapsed Time:

361

L L

ySeLl

865LY

QGSLY

==
15

1| B mimes

] 5- 11. Stress testing 2. 1& {7 B] ; & 42 5 4c B 7] & (4753F)= o
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55 /) &

At > 4 Phase0 i BB #HcE » %R EFEATT AT EH 2 FE
VP LRI A TG ek s (Mo)dt e ) & RS ARse R i (My) 0 @ 1S
(Phasel->Phase3 Fgfo)fl* T4 F 02 (L4 T N8 L )% % 477 1 Design
Pattern z_ Jaim %  H B T P B L MiF R A2 B S P E X B FE AR T
HaEMRZIEBEITA(BRREFEEHE » 2 MUITEAFRZE B - 7 4o
Stress testing > 4 AR T ABIMF 2 Pd) > AL LBEAFT L TR EL R

HHa 3 2T B ERBRBERATEZ NS o

75



$2% 00447 94

BEFI FEEEENRELLE FHRIFN S R FLL BRI RE

~ #7173 2. Design Pattern & % 2 i® % it 4 o
TR R 2 AR 0 s EBRTHE 2RIk g kS

PO M BB R BL TR/ e R E LT R-T AP

BAFRR TP D IO KN T 550 BT A BBE LT M

B2 8 AT H 2 nfedoT B 6-1:

()6-1 & : A& 3 {1 PNs2 44 ¥ 3" FHAwH 6-2 0 # 78 3 F AR
BActipe= 5 x ke B kA o 03] L dpfk B (place) 8- B R & e i
6-1 -

(D%GQ%ﬂiﬂ“iﬁ”%—N&~%,P&ﬁ“’*P?%%ﬁﬁi

X B D e B 3 AW R AY C PR B 2 G a2 (7
R

(3) % 6-3 & : A5 p T A | B s 0 At A AT A AR A BT B9 B aR(T
FlZ)ena R T 0 B B BB s S AR EFHE 5L 8 4ok 62
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% 6- 14tk iz

% (place) & 2% &

PO P1 P2 P5 P9 P11 P12 P16 P18
=1 3 + ; ¥
Bl | $ITRE ’“;?E%W BE R | N2 Rk 'Zii;i R I A (i;*jfi.h)
P20 P21 P25 P27 P28 P32 P34 P36
b b b b B
(i;%J xRk ﬂﬂ&ﬂ;(igﬁo S S miﬂ*’(i;ﬁ)(ﬁ;gq
F 6- 2.8 % T
EE: PRI L7 B | BB K
*HO0 | 2P FEFLIGE 2 5
1 |29 F % 1R 5 7
FH2 |47 3351 4 7
FH3 |47 FEFINRE 0 15
4 | £° 355 21K 4 7
FHES5 |29 245 2K 3 7
FH6 | 29224 % 2108 2 9
FB 7 (AP rE 2R 1 10
8 | E¢ 3 E % 21K 0 12
39 |49 2352 0 13
Fﬁoppwiﬂ%i%%ﬂﬁ<aﬂﬁﬁﬁg
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6.1.%4 7 3+ 2 #AWp

(1) i & A7 % FPN=(P,T,D,LO.fa.B) = ~ % * » ¥ P H s f &2 50
R B ACT
(1) Headway sets(H)# 7= d % & FFFE#7E = 2 & & -
(M)FH &7 d HE &Y &2 F T B2 FhRR TS 2 & &
FH= {An1, M2, . Ang} ©
(N # 7+ d 7] & a2 B & N={n,n,...np} e
(n={1i, j}, i for the numbers of express train/ 1hr , j for the numbers of
commute train/ 1hr)
(IV) FN Z ;& N 4p ¥t 2 #i8 & & FN = {d, Az oo A} ©
(VIW : W={wiWo...Wp} > & d EETHEch & > B iv & d =8 & 24
THEEEL TR
7 OB HF B B AR o
(2 Z A BT EARE $HmAd > BT A3 AT
n={i,j}
N={ny,n,...n.} = N{{i,j}} 2 on(ny) = EN={A,} -
hy, = 60/(i+j) , H(headway) ={hy,h,...h,} D an(hy) >FH ={A,} -

Input set: {{\n},{An}} = inference engine > R:{d}
The result: R:{d} for the result set , d for result membership degree.
d>P:Px,P3: £ 47HAR{TE -3 »P3THEF R ' ® » P38 ¢ FRMY

BRGE P3O T R R

(3) £ ¢ :* & Ontology(PNs) -7 Blzp :
PEIERTE D S A I R Ee O VR I -0 R =V T Y.
SR04 5 6] 2 TIF 712 e % R =2(P5) - ALIE R HFA)(T4) - THEN 7] 8 seshit
Wt 2 (P6) - o b4 Y IS 2 BE S PSTASP6  H 11 PNs

F 7% 4o 6-3 0 H AR 4 gt K e o
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6.2.5F 8 & 15

DFH L35 % LR 2 i@ p5d =57)

n={5,7}

N={{5,7}}>an(ny) > FN ={0.508} -

H ={h =( 60/(5+7))}=> an(hy)>FH ={0.230} -

Input set: {{0.289},{0.530}}—>Inference Engine >R:{ 0.4062} , & dp#ki= %

G ELEF R E et 620

TPk AP IPX=P37  FR'GE 0 ok 6-30 FITH > 4B 6-4 ©
2 6-3%-IEGDHE-E FRFHE

Place

PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.508333|0.230769 0.344135|0.344135| 0.309721| 0.352361| 0.352361|0.334743|0.364871
Place P20 P21 P25 P27 P28 P32 P34 P36
Degree 0.379936(0.379936|0.360939| 0.377969| 0.377969| 0.377969| 0.386485| 0.403242
%6-4%-FERGNIEHEE R ERERE
Place  |P3 P37 P38 P39
Degree 0| 0.403242 0 0
= o= |

L5 - B 12 5 EH v [ ) B
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@QF R 207 34 5 LR EEEAS A psld =47)

n={4,7}

N={{4,7}}>an(ny) > FN ={0.481} -

H ={h = 60/(4+7)}> an(hy)>FH ={0.160} -

Input set: {{0.481},{0.160}}-> Inference Engine >R:{ 0.376} » & otk iz ¥ &
g@ﬁﬁ?@,iﬁﬁr%« 6-5 -

RS D dDP:Px=P38:P38: ¢ M EELHE 0 4k 66 F(F
B > 4@ 6-5 o
% 6-5. % - FEE(A7) Sl SRR E
Place [P0 P1 P2 P5 P9 P11 P12 P16 P18
Degree | 0.481 | 0.160 | 0.297 | 0.297 | 0.267 | 0.331 | 0.331 | 0.231 | 0.313
Place  |P20 P21 P25 P27 P28 P32 P34 P36
Degree | 0.354 | 0.354 | 0.283 | 0.339 | 0.339 | 0.271 | 0.333 | 0.376

16-6% - BER@ADHLEE 8 SRFERE

Place

P3

P37

P38

P39

0

0

0.376

0

Degree

Elapsed Time: 362 oo ||
s JI==1
= =
= =
= ==
= =

B6-5%° F % - P 115 |=/H w/x % | p
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@& 3. e a % LIgR(Fys 2 @72 =0:15)
n={0, 15}
N={{0,15}}>an(ny) = FN ={0.3} -
H ={h = 60/(0+15)}>an(hy)>FH ={0.384} -
Input set: {{0.3},{0.384}}>Inference Engine >R:{ 0.389} - & dp %= ¥ & 2
B B 4o 6-7 ¢

eSS dOP:Px=P38>P38: 2 ERMAFEEHE > 4ok 6-8 iF |
Bl > 4-H] 6-6 -
% 6-7 % - Fpf(0:15) dptei B S hE
Place | PO P1 P2 P5 P9 P11 P12 P16 P18

Degree 03| 0.384 0.30 030 0.274| 0.335] 0.335| 0.234| 0.314

Place P20 P21 P25 P27 P28 P32 P34 P36

Degree | 0.354 | 0.358 0.28 033] 0339| 0.272| 0.333| 0.389

% 6-8 % - [FE(0:15)dam %k =8 & %Lﬁr: KB
Place |P3 P37 |P38 P39
Degree 0 0] 0.389 0

w=ocsmEm |

N - 1.~

A< =

= ==
= = = = = & = = = = N = =\ = =

B 6-64 ¢ 3% % - FF& 15 7= /8 o /% 9% | pF
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RFB4cP % 22 C 2 =417)
n={4,7}
N={{4,7}}>a.(n,) 2> FN ={0.481} -

H ={h = 60/(4+7)}>ax(h,)>FH ={0.160} -

Input set: {{0.481},{0.160}}-> inference engine >R:{ 0.412} » & ok iz ¥ &
BiF B Ac 4 6-9 ¢

P %% d2P:PXx=P37 P37 & b '& B > 4ok 6-10-3F {7 B4 B 6-7 o

%6-95% - I ER(47) iR S RELRE

Place PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.481818|0.160839|0.297238|0.297238|0.267514|0.343757|0.343757| 0.24063|0.330315
Place P20 P21 P25 P27 P28 P32 P34 P36

Degree 0.375157|0.375157| 0.3564| 0.3882| 0.3882] 0.3882| 0.4041| 0.41205

206-10 % - RGBS 08 SBER T

Place

P3

P37

P38

P39

Degree

0| 0.41205

0

F6-7 503
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AEFHES. -7 FHF 2R 2 i psd =317)
n={3,7}
N={{3,7}}>an(ny) > FN ={0.45} -
H ={h = 60/(3+7)}> an(hy)>FH ={0.076} -
Input set: {{0.45},{0.076}}-> inference engine >R:{ 0.386} » & dp k=& &
B e 6-11 -

TR % 1 dOP:Px=P38°P38: = ERMFEEHE > 4ok 6-125 F (7
B] 4 B] 6-8 -
% 6-11.% - FAE(37) dpthind S F B
Place PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.45/0.076923|0.240962(0.240962(0.156625|0.288313|0.288313|0.201819(0.310909
Place P20 P21 P25 P27 P28 P32 P34 P36
Degree 0.365455|0.365455(0.292364|0.356182|0.356182(0.284946|0.352473/0.386236

306-12 5% - EQ@THALE = #BFRE

Place

P3

P37

P38

P39

Degree

0

0

0.386236

0

Elapsed Time: 116 EowiE s | | F55p 224

SR

=

= 35 B

Fl6-8 o7 P g 10 7|28 & o 4 W
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63HfcBRTE2

P eniFA5 T o s B w#Ech 3170 2L

PO AR BT (bl BN o) PSR B £ (i) AR ] R 5

b6-2 Hdim i A AR D R 5 fil B

B s 5B fhle £ o dodk 6-13 0

7% s

JER FOER

R TE Y =t

EE A

# 6 I3H & BRRFEL]D AP0 b
LK g iE e RIS S SIS o
i85 6 A 2 9
s 7 :%_F”‘léaijl‘ 1 10
88 R T l‘”"ﬁx 0 12
59 EYIERC 0 13
()F5 6.4 7 24 % 2P (B2 1 d pad =2:9)

n={2,9}
N={{2,9}}>an(ny) = FN ={0.390} -

H ={h = 60/(2+9)}~> ax(h,)>FH ={0.160} -
Input set: {{0.390},{0.160}}—> Inference Engine D R:{ 0.411} » & dpiki= % &

B4 4c 4 6-14 ¢

TR % id2P I PXx=P37 P37 &k '& B 4 & 6-15-3F (7 B4R 6-9 o
% 6-14 % = FFE(2:9) #F]’fﬂl a5 ﬁ‘bﬁiﬁfé}, iz
Place PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.390909|0.160839|0.256329|0.256329|0.230696| 0.325348|0.325348(0.227744|0.323872
Place P20 P21 P25 P27 P28 P32 P34 P36
Degree 0.371936|0.371936|0.353339| 0.38667| 0.38667| 0.38667|0.403335(0.411667
%\' 6- 15 %3: F -‘E)»(Z 9);}’5.‘11417 p% I"' B L‘ %ETF v E
Place P3 |P37 |P38 [P39
Degree 0| 0411 0 0
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SEAT =

Elapsed Time: 116

= &

#
B

== =

= deE

= B

Bl 6- .11 7= /¥ & /1 | PF($3L 2 : i $2 7] 8 =2:9)

QEFHE 729345 21 (572 wer]2 =1:10)
n={1,10}
N={{1,10}}>an(ny) > FN ={0.345} -
H ={h = 60/(1+10)}~> an(h,)>FH ={0.160} -
Input set: {{0.345},{0.160}}-> Inference Engine >R:{ 0.386} » & ik i= ¥ &
g@ﬁﬂ%fg}fﬁ%% 6-16
TS 1 dOP:Px=P38:P38: ¢ ERMEEEAEE > 4odk 6-17 -
] 4[] 6-10 -

% 6-16 ¥ = Iy & (1:10) 4pthiz & E‘L&TF K E

Place |PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.345| 0.160] 0.235] 0.235| 0.153] 0.286| 0.2869| 0.201] 0.310
Place  |P20 P21 P25 P27 P28 P32 P34 P36
Degree 0.365| 0.365] 0.292] 0.356| 0.356| 0.284| 0.352| 0.386
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4 6-17 % - FFE(1:10) fadh e =k oA E
Place P3 P37 P38 P39
Degree 0 0| 0.386 0

Elapsed Time: 116 EHBEomiEEa I I

= #k

=8 5= =

[Tl

- il l\

B 6- 10 11 7= /5 & /1 | pE(H 52 : 3

@FH® 8APFH % 2K (A2 1 prd =0:12)
n={0,12}
N={{0,12}}>an(n,) > FN ={0.3} -
H ={h = 60/(0+12)}>an(hy) > FH ={0.230} -
Input set: {{0.3},{0.230}}->Inference Engine >R:{ 0.386} - & dp ¥ = ¥ & 2
b B 4o 6-18
TS % d>P:Px=P38>P38: c dRMFEEAE > 4ok 6-19 F (7
B] 4[] 6-11 -
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% 6-18 % - f l"'—‘-F)»(O 12) #Fj ’l‘w’ (hadly- | & “l‘hﬁr; i IE_

Place PO P1 P2 P5 P9 P11 P12 P16 P18
Degree 0.3| 0.230f 0.227| 0.227) 0.148| 0.284| 0.284, 0.198, 0.309
Place P20 P21 P25 P27 P28 P32 P34 P36
Degree 0.364| 0.364| 0.291] 0.355] 0.355] 0.284| 0.352| 0.386

£6-19% I ER(012) HHS S 2B SERFRE
Place |P3 |P37 |P38 |P39
Degree 0 0/0.386 0

Elapsed Time: 157 EHooiEE I I
S T S T S S R — - TR T T [ S S S S T - —— P T S S S R - -

A

AFEHR 9. 0¥ E % 22 D a2 =013)
n={0,13}
N={{0, 13}}>an(ny) > FN ={0.3} -
H ={h = 60/(0+13)}>an(hy)>FH ={0.289} -
Input set: {{0.3},{0.289}} > Inference Engine >R:{ 0.411} » & dp %= ¥ & 2

i 4o 4 6-20 -
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PSR dOP:Px=P37- P37 &b ' B > 4oi 6-2103F {7 Bl4- R 6-12 -

% 6-20 % = E(013) iR SRR E

Place PO P1 P2 PS5 P9 P11 P12 P16 P18
Degree 03] 0289 | 0.257| 0.257| 0.231| 0.325| 0.325| 0.228 | 0.324
Place P20 P21 P25 P27 P28 P32 P34 P36
Degree | 0.372| 0.372 | 0.353 | 0.386 | 0.386 | 0.386 | 0.403 | 0.411
£6-21 5 HEOQL)AGBLEECESRFRE
Place |P3 P37 |P38 |P39
Degree 0| 0411 0 0
Eiea—]
Elapsed Time: 183 e | |
=4 ==
=
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6.4.-] &

kA TEL R % BT

B2 BRI M T A NERTREIAFTEFE LI O A HEBRA TR 4

TERBLE > w /% ) TR0 h 6-22

(D) Al e dpd bd A2 > 2 #6479 FHHAG
ER TR pd Y e (R SR R)F LR o 6-40 T

TRV EEEY SR EIEIER R IEEER ERE SR
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FIHHEES] B > KA 27| XA BB (2:9) HIFEE LB
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e 12 rAR A e D H [P ] il | BRAFESNM
0 | % 1rF&(p ) Lk A 2 5 7 -

1 »lE 0.403 B R G B 5 7 12 -

2 RS 0376 |ERMFEELHE 4 7 11 oA
3 ¥ 18 0389 |EHMRFIELHE 0 15 15 36.36%
4 ¥ 218 0.412 EF RGP 4 7 11 -

5 ¥ 2 M B 0386 |EHMEFLELHE 3 7 10 -9.09%

6 ¥ 218 0.411 BFh R 2 9 11 -

7 2K 0386 |EHMEFIELHE 1 10 11 0

8 ¥ 218 0386 |EHAREFLILHE 0 12 12 9.09%

9 ¥ 2MEE 0.411 B RAEH 0 13 13 -

FHKR AT RE 0 1P s (MDA P8 L | PHE S o

PP E S MR AR FRB b A T D BB o AP kg FRD
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k= R RAEER
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Subject to
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