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Oooodn CateOBJ

2.1 0O0O

CafeOBJ 0 OO0O0O0O0O00O0DOO0O0O (Formal specification) 0000000000
O00000000000000000 (Algebraic specification language) O O O OCafeOBJ
0000000 oBJOooOoOoOoooooOoOoOoooooooooooOoOoOooobobobooo
00000 (Ordered Sort) 0000000000000 DO0OOO0DOOOOOOOOO
000 (Hidden Algebra) 00 0000000000000 O0O0O0OO0OOOOOOOOO
Ooo0ooooooooo 1o

22 JO0Oooooood

CafeOBJ OODOODOODOODOO Joseph Goguen O Grant Malcom 00000000
00000 40000000000000000O0000O000DO0O0O0O00OOOOO
O000000000000D000000000 (Hiddensort) 00O0O0O0OD0O0OODOO

O000000000000000000000000000 (action) 00000000
0000000000000 0000000O0000 (DOo0)oDoooooooooo
godboobbbbobotbbudodoouooobboboooobbbobobobnoboa
000000000000000000000000000 (observation) DJOOO0O !
goooddoooooobooooogooobboobotoooooobobobooog
gofddbdooooubbbboooooobdooooobobbbbbooouuoo
goooog

000000000000 method, 00000 attribute 00000000000
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OO0DO0O0O0OO0OON,OFFOD00OD00O0C00ODbO0ObOOODOOoOoOOoobooDbOobDO
goobd

mod* SWITCH {
*[ Switch 1%
bop status : Switch -> Bool
bop on : Switch -> Switch
bop off : Switch -> Switch

var SW : Switch
eq status (on (SW)) = true .
eq status (off (SW)) = false .

100000000 SWITCHOOOOOOOOOOoOoOoooooD2000 *j*00
OO00O0oOooooOoDO SswitechODOOOOOOOOO SwitchOOOOOOODOODO
OO00O0DbOooboobO onO off ODOOOOODOODODOOOODODOOOOOD
OO0 on,of 0ODOOD0OD0OD0ODO SwitchOOOOODOODOODOODO SwitchOODODO
status OO OO0O0O0O0ODOOODOO0OO0ODO0O0O0OO BoolOOOOOOODOODOO
OO00000 BoolD CateOBJ OO UODOODOODOODOOOtrued false DODOODOODO
goboboogobood

gooooobobobbbbobbbdodouoouuodoooooooooooon
gbboodgboogbdobbbbuoobbobbooboobbuoobboboboon
gooooobobobbobbbbbbbbobbobbbbobbooodooooooon
(visible context) 0 0 0000000000000 OOO0OOOOOOOOOOOOOO
gboboboooobbuoobbbuooobbuooooboboooobboooobobod
gooo

1. status (on (off (off (on ... )))

2. status (off (on (off (on (on ( ... ))))))

goodoooooobbobbooooo

gddooboobobbbbbdddddud eqoooouobbbvar O
O000000D0000000 SwitchODODOOODOODOODOOOOODOODODOODOO eq
OOstatus (on ... ) 000000000000 true0000000O0O0OOstatus (off ...)
O00000000000 false00000O0OO0O0ODOOOO
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goboboobobuo 1bobbbooooobobbobbouoooobobbbbboggo
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23 UOUO00OOooOOoood

Oo0oO000OO0o0oOo00OooOo0oooO0oooooooooOoooooooonDd
00000 (Behavioural equivalence) 000000000 =000000000000O

[4] O

e whense V:

a=d iffa=d

e when s e H :

a=d iff ¢(a) = c¢(d’) for all v € V and for all visible contexts ¢

a, 000000V OOODOCOOOOOHFHOOOOOOODOOODOO

000000000000 (context) 000000000000 OOODODOO context
induction [6) 0000 OO0 Ocontext induction 00 00000000000 OOOO
O0000000000000000 (coinduction) 0000000000 O0OOOOO
00000000000 40o0oo00ooo0o0ooooo0ooooooooooooo
0000000000000 0OoOooooOooooo 40

1. 000000 RObOODOO
2. RO0O0O0OCOOOOOODOODOODOODbOODbODbDDD
OO0DO0DbOo0o0oOobD swiITcHOODODOOoDOoooooooo

open SWITCH
op _R_ : Switch Switch -> Bool .

Ooobood RODOODOO

vars SW1 SW2 : Switch
eq SW1 R SW2 = status (SW1) == status (SW2) .



UO:swll sw2000000000

ops swl sw2 : -> Switch .

eq status (swl) = status (sw2) .

D000 on,off 00O O0OODOODOODODOOOOODOODOODODOOOOO

red status (on (swl)) R status (on (sw2)) .
red status (off (swl)) R status (off (sw2)) .

CafeOBJOOO0OOOOODOODODODOOOOODOODOODODODOODOODOO
oboooodobooboobboboobuoobooboobuoobobobobD ROoOODO
00000000000 =*=0000000000

24 0O00O0O0O

gooooobobbbbbbbbddddodidoooooooooooon
gogobooobodbbuodbobobuoooobboobuoobbooboooboon
00000000000000000000000 (Projection Operator) [2] 00000

OOobooooboboooooboobooooooboooooooo swItcHOoOooOoOo
OO0o0O0obOobo0oobooooobooDbD TwWo-swgonoooooo

mod* TWO-SW {
pr (SWITCH)
*[ Two-Switch ]+*

bop swl-on : Two-Switch -> Two-Switch
bop swl-off : Two-Switch -> Two-Switch
bop sw2-on : Two-Switch -> Two-Switch
bop sw2-off : Two-Switch -> Two-Switch
bop swl : Two-Switch -> Switch

bop sw2 : Two-Switch -> Switch

var SW : Two-Switch

eq swl (swl-on (SW)) = on (swl (SW)) .
eq swl (swl-off (SW)) = off (swl (SW)) .
eq swl (sw2-on (SW)) = swl (SW) .

eq swl (sw2-off (SW)) = swl (SW) .



eq sw2 (swl-on (SW)) = sw2 (SW) .
eq sw2 (swil-off (SW)) = sw2 (SW) .
eq sw2 (sw2-on (SW)) = on (sw2 (SW)) .

eq sw2 (sw2-off (SW)) = off (sw2 (SW)) .

}

0000 pr 000000 (import) D0DOO0O0O0O0O SWITCHOOOOODODOO
ooTwo-SswoOOoOoOoOOooooooboooobooboobooboooboobooo
OO00D0O0O000 Two-Switch DO ODOO0OODOOOODOODODOOOOOODO
gogbobooboguboogobooobooobooobobooboooboon
O00 swl-on,swl-of DO ODOOOOO 2000000 sw2-on, sw2-off 00O

gbhoogbboobooobooboobboobuoobbobo1ogbobooooboan
b0 swlOOoooo 2000000000000 sw20000000000O0O00
gooogobuogoobboobbobuooboboobbodbooobbooboon
OO000000000 Two-Switch OO ODOODO swl-on, swl-off 0 swl OOOOO0OO
sw2-on, sw2-off 0 sw2 00O 00000000 DOODOOOOOOO0OO

Oob0oO0bO0 1ooboogbo 20o0N0OD0O00ODODbOOOOODObOOOODO
oooo0 TWO-SW+ 0000000

mod* TWO-SW+ {
pr (SWITCH)
*[ Two-Switch ]*

bop swl-on : Two-Switch -> Two-Switch
bop swl-off : Two-Switch -> Two-Switch
bop sw2-on : Two-Switch -> Two-Switch
bop sw2-off : Two-Switch -> Two-Switch
bop swl : Two-Switch -> Switch
bop sw2 : Two-Switch -> Switch
var SW : Two-Switch
ceq swl (swl-on (SW)) = swl (SW)
if status (sw2 (SW)) == false .
ceq swl (swl-on (SW)) = on (swl (SW))
if status (sw2 (SW)) == true .
ceq swl (swil-off (SW)) = swil (SW)
if status (sw2 (SW)) == false .
ceq swl (swl-off (SW)) = off (swl (SW))
if status (sw2 (SW)) == true .



eq sw2 (swl-on (SW)) = sw2 (SW) .

eq sw2 (swl-off (SW)) = sw2 (SW) .

eq sw2 (sw2-on (SW)) = on (sw2 (SW)) .
eq sw2 (sw2-off (SW)) = off (sw2 (SW)) .

OoO0oo0ooooOoooO0o0ooobooooOooooOoOooOoooooDooooOooon 20
Oooooboooooooobooobooboo TWo-sw Oooooooooooooo
0100000 20000000000000000000000 (ceqODODOO
OO0 100000000000000DOO0O0000DODODOOOODODOODOOOO
000 20000 false (OFF) 0000 Two-Switch 000000 swl-on DOOODOO
oo0oCcooOogoo

ODo00O0O0OD0OOD0O0O000swl,sw200000000000O0C0ODOODOO0O0OOO
Oo0O0ooO0o0oOo IboOoOOOOOOO0O0oooO

OO000000000000CoooOoOoO0oO0oOooogoooDoooDoooDoooOO
ooooooooOoopoooOoOoooO0ooooooooooooooooooooo
ooo0oOo0o0oOooooooooooOooooooon
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3.1 Bare-Railway [ [ [

goodgbobuogbbooboobbooboobbooobboooboobbon
googboobooboobbodbboobbooboobboobobobooboon
gboobodbbodgboooboobbuoobbooboboboobboobbon
gobobooobboboooobboooobboooobbooooboboooobobooa

3.2 RaillOOOOOO

RallOOO0OO0OOOO0OOODOOOODODODODODODODODODODDODLO
OO00000D00D0 RalOOOOO0D0OOODOOODOOO0 RallODOOOOODO RaillD
OO00OCORalODOO0O0OODOOODOO0ODOOODOOOOO

*[ Rail =

op _ _ : RailID RailID -> Rail
bop left-rail _ : Rail -> RaillID

bop right-rail _ : Rail -> RaillD

Rail 0O0ODOO0OD0O0OD0OO Rl DOUODODOOD RalllDOOODOOODOOODOOO
OO0DO0bOobobOoboobobooboboonoobouoboooog leftrail, right-rail 0 OO0
O00000000000 RalDOODOOODO RallD DOOODOOOODODOODODORAaIL
goboboooobbbooobobbbobooooobbboooon
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3.3 Train U0 OOOO

Train OO0 O0D00O0O0D00OO0ODOO0O0O0ODOO0ODO0O000TrainO000O0O0O Rail
000000000000 0000REIO0000000O0OD0O0OO0O (RaillD)DOOO
O (000 Direction OO0 : Left, Right) 000000 Train 000000000000
gobooogo

*[ Train ]x*

bop where? _ : Train -> RaillD

bop which? _ : Train -> Direction
bop move _ _ : RailID Train -> Train
bop turn-left _ : Train -> Train

bop turn-right _ : Train -> Train

D000 move UOOODODO RalllD OOODOODODOOO RalODOOOOOODODO
OO0D0000000D000D0Oturn-left, turn-right OO0 000 O00OO Left, Right OO
OO00O00o00oooooobodfTan OOODOODOODOODODOODODODO Rail O
OO00000D0O00b0o0bo0oooobbog where? DOOOOOOOODOOODOODO
OO0 which? OOOODOODO

3.4 Bare-Railway 0003000

Bare-Railway OO OO UO0OUOORAl O0OO0OOOOO TraimDOOOO0OOOOOOO
OO0O000000b0b00b0bD00b0ObOnbDO Bare-Railway DO UOOOOOO
gobooogo

*[ Bare-Railway ]=*

bop move-train _ _ : TrainID Bare-Railway -> Bare-Railway
bop train-left _ _ : TrainID Bare-Railway -> Bare-Railway
bop train-right _ _ : TrainID Bare-Railway -> Bare-Railway
bop train _ _ : TrainID Bare-Railway —> Train

bop rail _ _ : RailID Bare-Railway -> Rail

0000 move-train O OO TrainlD DODOO0DO0OO0O0O0OOO0OOOOOO Raild
O0000000000DO0O00O0b0D0OO0D0DOO train-left, train-right 00000000
gbobobuoooobobbuoooobon
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O000 train O 0OBare-Railway D 000000 Tram DO OOOO0OOOOOOOOO
O00000000D0 rall OODOD0ODOODOOODOOODOUBare-Railway DO OO0
gbbboooobbbooobbboooon
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4.1.1 000O0OO0OOOOOOO
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0000000000000 0000O0DO (Blocksystem) D0OO0OOOOOOOO
godboobbobbobobbugoouoooobbobobobooboouuooooubo
godoboobbobobdddooooooooobbboobobobbdoooouoo
goodoooobbobbooooo

O00000000000000 (Time Interval System) 000000 (Space Interval
System) 0 2000000000000

gooobobboobbobobtbodooooooboooobboboobobbdooooon
gt ouoouooboboobobobobbouuooooboooya
godtdbbdoodooooouuddouooooooooobbbobboooooya
goddddooooboodooooobobobo

guobobbbobbobbbooouoooobbobobbooooooooobooon
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4.1.2 O00O0O0O0OOOOOOOO0OO0O0O

gbobobboooogg 2000000bbbbouooooobbobobouoooon
000 (Routesignal) 000 000000000000 OO0OOOOOOOOOODOOO
gbooboooboboboooooboon

gbuogbboobobogbboobboobouooobooboogboobbod
OOoo0o0bOob0oooO0obO0obOo0oboU0obO0obOO0obo GOoooboboooobogo
ROOODOOOOOOOOOOOOOObLObDObLDObDObDOobDUOODODOoLDOOobOOobO
gbboobobuoguoboooboobobbooboooboobobuoobobooon
gbobbuooogbbbuoooobbboooobboobooon

O0000000000000000000000 (Speed Signal) DOOO0O0OOODOO
gbboobobuogboboooboobbuogobboobbboobobboobbon
gboobobuogbbodbboboobbuobboooobooboobboobbon
gboogobodbodbboobdooboooobooboboboboobooobon
gboboggbobdoobobbobbodoboobboobbuoobobbooobooobobo
gboogbobuogbbodobbboobbugbboobboooboobbboobbon
gobbuooggbobobuoooobobooooboboboooobobbooooooboobo

googbboobodbboobuoobbooboobboobobooobboan
gbogbobodbuoobboobooobuobooobuoooobbboobbon
oobooooobobooooobobboobooooo YGooooo Yooooo yy
0000000000 ! 0000000000000 00000000 0300000
oboooobooooboobooboboobobobbobbobbobbobbOo4b00 50
gbobooooooon

!000000000000000000D000JROODOOODOOODODODOD 65km/hO00000O0
45km/h 000000 25km/h OO0O0O
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0000000000000 2 00000000000000000000000000
OO0 BOODOOOODOD AODOD0ODODOOOOOOOOOOOOODODOOOOOO (O 441
) O

[\ [\

L/ L/

oo B oo A
041 000000000

gboodgo 4200000000buo0obooooboobooboobbooboon
goobdad

ooo1 ooo 2 ooo 3 ooo4
—Or  HO: FOY FO-

[\ [\
oo1 L—/ 0o 2 'Do 3 ‘o4 LS
0o B 0o A

042 00000000

gbuogbobobooobuoobbodbobuoobboobbooboobboobn
goobooooobboobbooog 42000b0o000 1gob10bbooon
obooobo 1o0o00bo00 Boboobuoobuoobuoo 1boobooboobd
oboooogboobobooboobooboobuoobuo RObOooboobooDbo
2000 200000000000 2000000000000 2000000040
OO000b0o0o000O0oO0obOob0obOb0 Goooooo

O42000000000000000000O00O00DOOO0OOO BOOOo 4000
oooooboobobooboo BOOoobOoooboo BOOoob 4b000bO
goboogoboooobboobb 400bb000obbooobbooobbbobboo
o0 300b00bobuobo 3gbobooboboobobobo ROoOOobOoDO
obooooobooboo yobooboobooboboboboboboobooobo

D0000000000000000000000D00D000000000000000000000
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gooboooobooo

gbhuogoobooobbbuogbooobuoobbobooobuoobboobbon
goooboobobobobobobobbbboobobbbbbbboodooooooooon
2km OO0O00OO0OO0O0O0DOO0ODOO0OO02km 000000000 0O0OOOOOOODOO
000000 200m?® OO0OD0OO0OODOO0OO0OODO0OO0OODO0O0OO0OO0ODOOO0OOOOO0O0OO
gbogbobodbbobooboboobuoobboobooobbooboboobbod
godbbodbbodbboobboboobobbuoobbobuoobboboon
gboboogbbooobbuoobbouoogbbouooobbuooobbuooobboon
gbobobouogogobood

googbbooobobooboobboobooooboobboooboobbon
gboboogboobogoboobbuoouooboboooboooboboonoo
gboogudbbodgboooboobbuoooobooobooboobboobbon
gobobuooooobbuooooobooo

4.2 0OJO0O0OO0OO

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
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4.3 0O0OOOOOOOOO

gbogobodbogobuoobboo430buoobbooboooboobban
goobdodbooobuoobboobuoobboobooooboooboobobon
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4.4 0O0O0OO

4.4.1 0O0O0O0OOOOO

gboodbboobogboobbboobuooboobbooboobboobon
O000000000DoooOoOoOggO (Track Circuit) 0O OO

000000 444 0000000000000 0OD0OOOOO0O® OOOOOOO
gbbooggbboogoboobobboobboobboobuobboboooboon
goooboobbbobobobbobobobbbobbbbuooduoouoooooooooon
gbodbboobuogobobooboobboobobbooooboboooboon
gbobooggbuogooboobuoobobuoobobboobbuoobobbooboon
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4.4.2 0O00O0O0OO0OO

Bare-Railway O OO0 O UOO0O0O0O0OO00O0OOO0OO0OOOODOOODOOODOOODOO
gobbooooobooboaao

*[ TrackCircuit ]*

bop exist? _ : TrackCircuit -> Bool
bop in-train _ : TrackCircuit -> TrackCircuit
bop out-train _ : TrackCircuit -> TrackCircuit

O0D00000D0D00 in-train, out-train 00 000000000000 OOOCOO0O
O00000000000D00D0000000D000O0Bool OO0OOOODOO exist? O
OD0D0000exist? 0000000000000 true00000D00D0O0O falseDO0ODO

00 0OBare-Railway D OO 0ODOOO TrackCircuit 0O O O00OD0O0O0OO0OOOOOOO
O000000D00D00000 Rallway-TCODODODOODODOOODOOOOO ID O Rail
O00000000D000D00RKAlODO0DOO0O0OODOOODODOO0D TrackCircuit OO
O000000000O0000000Db00b0Ob0D RelOOOOOOobOOooooog
0000000000000 0DoD0odboooooooooobooooon

*[ Railway-TC ]*

bop move-train _ _ : TrainID Railway-TC -> Railway-TC
bop train-left _ _ : TrainID Railway-TC -> Railway-TC
bop train-right _ _ : TrainID Railway-TC -> Railway-TC
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bop railway _

bop trackcircuit

: Railway-TC -> Bare-Railway
: RailID Railway-TC -> TrackCircuit

0000 move-train, train-left, train-right 0 Bare-Railway 00 OO OQOOOOOO
Railway-TC OO0 0000000 0O0OOO0O Bare-Railway 000000000 OOO
railway O 0 Railway-TC OO OO0 OO RaillD OO0 TrackCircuit OO OOOO0O

0000 trackeircuit D OO 0O

00000 RailllD OO0 TrackCircuit 00D O0OOOOOOOQO trackecircuit O OO

goobd

RaillID
var T : TrainID
Rw : Railway-TC

trackcircuit R (move-train T

var R :

var
ceq

if where? (train T (railway

and where? (train T (railway
ceq trackcircuit R (move-train T
if where? (train T (railway
ceq trackcircuit R (move-train T

if where? (train T (railway

Rw) =
Rw)) =/=R

(move-train T Rw))) =/=R .
Rw) =
(move-train T Rw))) ==

Rw) = out-train (trackcircuit R Rw)
Rw)) ==

trackcircuit R Rw

in-train (trackcircuit R Rw)

000 RaillD : ROODO TrackCircuit 000000000 DODODOOO move-train O
0000000000000 00000000Omove-train 000000 O0OOOO0OO
O000TrackCircuit OO0 OO0 O0O0O0OOOODOOOOOOOODO

O000Train TOOOOODO RaillD: ROOOO0O TrackCircuit 00O O OOO0O
000 TrackCircuit R 00O Train TOODODDODODOOOOOOOOOOO Train T O
move-train T Rw O 0 0 0 0O TrackCircuit RO O OOOOOOOODOOODO TrackCircuit
ROODOODOOODOOOODODOOOODOD out-train 00 O0D0DOOOOOODOOOODODO
O00DOO0000DODO000DoobOoOo0o0oDoOoDoooooon

OO0 Omove-train T Rw OO0 Train T OO OO RaillD : ROOOOO TrackCircuit
O00D0000 move-train TRWOODOOOOOOODOODOOOODODODODOOOOO
O0000000000000000 intrain O00000 (ODOOOOOOOOO)O

000000000 TrackCircuit R OO move-train TRw OO0 0000000 OO0O
O00D0O0000oooOoOoOoooooboooooooo
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4.5 0OO0OO0OOOO

4.5.1 0O0O0OOOOOO

gbodgbboobodboobooboobboobuooobobooboobbon
god

[ SectionID ]

*[ Section ]*

bop exist? _ : Section —> Bool
bop in-train _ : Section -> Section
bop out-train _ : Section -> Section

OO0DO00000O0DbO0b00o0boOoD0obOobD RelOOODODOOOODODOO
0000000000000 00DbO00DOO00DODbODObO0OD0O SectionlDOOOODO
gobooo

4.5.2 O0O0OOO0OOO

gbuogbobodbooobuoobboobobobbooubooboooobbod
00000 SigValue OO Signal DODOOO0OOO0O0OOOOO

[ SigValue ]
ops RY G : -> SigValue

x[ Signal 1%

op init-signal _ : List -> Signal

bop range _ : Signal -> List

bop watch _ : Signal -> SigValue
bop turn-R _ : Signal -> Signal
bop turn-Y _ : Signal -> Signal
bop turn-G _ : Signal -> Signal

gbhuogbodgbboobooobuooboboobobbboobbuoobboobbod
ORODODOODOOODOOODOSignal 0ODODOODOODOODOODOOODODORAIID OO
gooooobobobobbbbodotbtbddddddoododoouoooooooo
gogooboobbobbbbbobbbobbbotoouoddoooooooooooon
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O000000000000D0DOSignal 00D0D0O0ODDOO0ODODODOODODOOODODOO
Orange 000000000000 watch DO O0O0O0ODOODOO0OODODOOOOOO
R/Y/GOOOOOO turn-R / turn-Y /turn-G OO OO0 O0OO

4.5.3 UO0O0O0OOOOODOO

OO0O00000O000OoboOoOobOoOD Railway-TCOOOODOOODOODOOODOOO
0000000000000 0O000 Auto-SysOODOOOOODOOOOO

*[ Auto-Sys ]*

bop move-train _ _ : TrainID Auto-Sys -> Auto-Sys
bop railway _ : AutoSys -> Railway-TC

bop section _ _ : SectionID AutoSys —> Section
bop signal _ : SectionID AutoSys -> Signal

op tcexpand _ _ : List AutoSys -> Bool

Auto-Sys O O0O0O0OODODO move-train 000000 O0COOO0OODOCOODODODOOO
OO000o0oboo0obOoobbOOobbo0boo0boo0oobDobOoOn railway O Railway-
TCOODOOODOOOsignal OOOO IDODOO Signal DOOO0ODOOOOODOOODOO
gobobooodoon

OO teexpand DO DO O0O0O00OOO0OOOOCOODO IDOOOODOODOOOODOO
gbobogobodoobuooboboobuoobbooboooboobbooobbbon
signal OO O0O0OOO0OOOOOOOOOOOODOOOOO

4.5.4 UO0O00O0OOOUOOOODOOOOOOOO

O000000 Auto-Sys 00 0OD0DO0DOODOOODOODOODOODODOODOOODOODOO
O00O00Aute-Sys 00D O000O0ODOOODOOODOOODOOODOOODOOODOOODOO
Jdodooooooooboboooooad

Auto-Sys 000000000 DOODOO Section D0 OOODOODOAuto-SysO0O OO0
move-train 000000000 O0000O0ODOOOOUOin-train Oout-train 000 OO O
0odoodon 3sgdoodoodoodoooooooooodooooooon
gooooo
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OO000O00O0DbO0obOO0ob0OO0oO0ooOoog AUTOMATIC-BLOCKSYSTEM-PROOF O
oooogo

op rw : —> Auto-Sys
op tr : -> TrainID
op sl s2 s3 : -> Section

ops scl sc2 sc3 : -> SectionID

op is-safety _ : Section -> Bool

op is-safety [ _ ] _ : SectionID Auto-Sys -> Bool

-— safety of Auto-Sys.
var Sc : SectionID
var Rw : Auto-Sys

eq is-safety [ Sc ] = is-safety (section Sc Rw) .

-- safety of section.

var S : Section

ceq is-safety S = true if exist? S == false .
ceq is-safety (in-train S) = true if exist? S == false .
ceq is-safety (out-train S) = true if exist? S == true .

OO0 rwOOOOO Auto-Sys 0000000 ODODOODODOODOODO trO000
O TrainlD OO0 00O000O0Os], s2,s3000000000000000000D0O0O
Section 000000000 DOscl,sc2,sc3 00000 IDODOOO

Section 0000000000 OOOODO is-safety DO Section D0 O0O0O0DOOOOO
OO0000 true00000D00000O0O0ODOODOOOOOOOOODOODOOODOOOO
O0000000 Section 000000000 DO0OODOODOOOOODOODOOOOODO
Section 0000000 0O0OD0D0OODOODOOO 300000000D0000O00O0O0O0O
Oo0ooogo

SectionID 00 Auto-Sys 000000000 O0DOODOO is-safety OO Auto-Sys 000
0000000 SectionlD OO0 Section 000000000000 0O0OOOOODOOO
0000 trued 000

scl: DO0DOUOOO0OOoOoOobooObooobooboDbon

O0000O0O000000b0O00booObO0oboboO0o0ooDooO0ooDDoOog Auto-Sys
OO000D00000 rwOOOODOOD issafety 0 true 00000 0OOO
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eq [hypl-1] is-safety sl = true .
eq [hypl-2] exist? scl = false .
eq [hyp1-3] section scl rw = sl .
eq [hypl1-4] watch (signal (r2s where?
(train Tr (railway (railway Rw)))) Rw) =R .
red is-safety [ scl ] rw .

red is-safety [ scl ] move-train tr rw .

00 [hypl4 0000000 (R,Y,G)UOOOOODODOOOOOOOOOOOOOO
gboooboudgbbd sclO00bboobooobooboboooboobbon
gbobboooobbbuoobboboogobobooobbon

sc2:

sc3:

Ob0odbdbobOOUOmove-train OO0 0OO0OO0OOOOO

eq [hyp2-1] is-safety s2 = true .

eq [hyp2-2] exist? sc2 = true .
eq [hyp2-3] exist? sc3 = true .
eq [hyp2-4] section sc2 rw = s2 .
eq [hyp2-5] watch (signal (r2s where?
(train Tr (railway (railway Rw)))) Rw) =R .
red is-safety [ sc2 ] rw .

red is-safety [ sc2 ] move-train tr rw .

O00000D0Omove-train DODOOOOOOOOOOO

eq [hyp3-1] is-safety s3 = true .
eq [hyp3-2] exist? sc3 = true .
eq [hyp3-3] section sc3 rw = s3 .
eq [hyp3-4] watch (signal (r2s where?
(train Tr (railway (railway Rw)))) Rw) =R .
red is-safety [ sc3 ] rw .

red is-safety [ sc3 ] move-train tr rw .
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gboogobodbooobobodgbobobbodoobooboboooboobobon
goobdad

5.3 UUOOOOODOOODOOO

5.3.1 UUOooon

0000000000000 oo guo
00000000000 00O0oonboOg Direction OO O0DO0OO0OO0OOOOOOoOoOoOOoOOOO
DirLever OO QO OO

[ Direction 1]

ops Left Right : -> Direction

OO0000 Left 00 O0D0OD0OODODODOODODODODOORIght ODODOODOO
OOO00o00bboOobbOobDO DirLever DDOO0OOO0OOO

*[ DirLever ]x*

bop which? _ : DirLever -> Direction
bop turn-left _ : DirLever -> DirLever
bop turn-right _ : DirLever -> DirLever

000000 DirLever UODODO000OO0DO0OO0O0OO0OOOOODOOOO turn-left, turn-
right 0000000000000 00OO0O0O0DO0O0DOO00O0O0OO which? OO0O0O

5.3.2 UUOOOOOOO

gooobobobobooboobooboboobbbbbbodddddoouuooooooo
OO000D0O0O000DO0O0O0O0D00OD SigValueOOOOD0OOD0O0O ExitLever DO DOODO
goo

[ SigValue ]
ops Go Stop : —-> SigValue

00000 GoOODOODOODOOOOODbOOODODOODOObOOODOODOOODOO
OO0oO0o0 StopO0D0000O0ODO0OO0OOOOOODOOOODODOOOODOOO
godbbdbooboboooooboboobbooboobooooboooboon
googobbooobuoobboobuoobboobooobboooboobobon
gobooo
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*[ ExitLever ]x*

bop which? _ : ExitLever -> SigValue
bop turn-go _ : ExitLever -> ExitLever
bop turn-stop _ : ExitLever -> ExitLever

000000 ExitLever DOOOOOODOODOO0OO0ODOODOODOODOOOO turn-go,
turn-stop 00O O00O0ODOOODO0O0ODOO0OO0OO0O0ODOO0ODOOO whichy DOODO

5.3.3 UUOOOOOOO

00000000000 bOO0oO0bOO0o0ooo0ooDoobO0obOobOobobooOoog
00 LampValue OO OOOOOO Lamp OO OODOODODO

[ LampValue ]
ops On 0ff : -> LampValue

OO0bO0o0 OnO0O0OO0ODOO0OOODOODOODOOODOOOOfODODOOLOOODLO
gobooo

x[ Lamp ]*

bop light? _ : Lamp -> Lamp
bop lamp-on _ : Lamp -> Lamp
bop lamp-off _ : Lamp -> Lamp

O00000 Lamp OOimnit-lamp D00 OO0O0O0OO0OODOOO0OOODOOOOODOOOO
OO0D0O0D0O0000 lamp-on, lamp-of 00 OO0 OO0O0OOOOOOOODOOOOODO
OO00OobOoboOooOoonDg light? 0000

534 0UU0OOO

O0000000bo0oobobo0bo00ooO0oboobooOo0obUobodoDbirLever,
ExitLever, Lamp OO0 O0O0O0O0OO0O0O0OO Station OO0 O0OO0OOOOOOO

*[ Station J]*

bop lock _ : Station -> Station
bop unlock _ : Station -> Station
bop turn-left _ : Station -> Station
bop turn-right _ : Station -> Station
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bop turn-go _ : Station —> Station
bop turn-stop _ : Station -> Station
bop lock-lamp : Station -> Lamp

bop dir-lever : Station -> DirLever
bop exit-lever : Station -> ExitLever

lock, unlock 00000000000 0O0OO0O0OD0O0O0O0O0OOO0OOO0ODOOLLamp O
O000000000 lamp-on, lamp-oft 0 0 0O O O O O O turn-left, turn-right, turn-go,
turn-stop 0 0 00 00O OO DirLever, ExitLever OO0 O0O0O0O00OO0OODDOOOOO0O
lock-lamp, dir-lever, exit-lever D OO0 00000000000 O00OOOOOODOOOOO
oogooo

5.3.5 UUOUOUOObOoooooobd

gooboboboboboobooboobbbbbobooobobobooooooooooon
OO0D0000000DODOO0OD0O0D00 Station DD OODOOOODO O Station-Pair O O
gboboboooobon

*[ Station-Pair ]*

bop A-turn-left _ : Station-Pair -> Station-Pair
bop A-turn-right _ : Station-Pair -> Station-Pair
bop A-turn-go _ : Station-Pair -> Station-Pair
bop A-turn-stop _ : Station-Pair -> Station-Pair
bop B-turn-left _ : Station-Pair -> Station-Pair
bop B-turn-right _ : Station-Pair -> Station-Pair
bop B-turn-go _ : Station-Pair -> Station-Pair
bop B-turn-stop _ : Station-Pair -> Station-Pair
bop station-A : Station-Pair -> Station-Pair
bop station-B : Station-Pair -> Station-Pair

Station-Pair 0 D 0000000 OOOO0 AOOBOOODOOOOODOODODOOO
OO00000 AJO0OODOOO0OODO BOOOOOOODOOoOOOoOoOooooooooao
O00AODOOOODO0ODDOOD A-turn-left, A-turn-right, A-turn-go, A-turn-stop 0
400000BOO0O0O0ODOODOODOODOODOOO0OOODOODODODOOOOOOODOODOO
OO0O0o0O00oo0ooOoooooooono
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0 5.1: valid OO O

ADO B O
0000 (000000 |0o0ooo0 |ooo00 |oooDo0o0 (ooood
g1l 0 g HEN U HEN g
ug 2 0 g HEN U HEN g
ug 3 O HEN HEN U HEN HEN
go 4 0 g HEN U HEN g
udsb O HEN HEN U HEN HEN

ceq station-A (A-turn-left SS) = turn-left (station-A SS)
if which? (dir-lever (station-A SS)) =/= Left
and light? (lock-lamp (station-A SS)) =/= On .
ceq station-B (A-turn-left SS) = unlock (station-B SS)
if which? (dir-lever (station-A SS)) =/= Left
and light? (lock-lamp (station-A SS)) =/= On .

000 AJ0ODOO0OO0ODOOO00DO00ODOO0UoOoOO0OobAQOODOOODDOO
OO000bO00O0O00Ob0O0D AOOOoUODOOoDOobOobbOOooOOobOobAODOODOOD
oboooobooBUObOObLOO0LOOobLDbOOobLDbOObLDOObDOODbOn

5.3.6 UUOOOOOOOOO

gboogboboobodgbobboobbooboobbooboobbooobbon
gbobbuoooobboboogbboo

l.Jgobobdogobobobooboboboodobobbooobbooobbboobo
gbobobooooobbooooboobboooobobuoooonoon

2.000000boboboooobobobbuooobobobboooobboboa

gobogobogbboboogboboooboboooobboobbuooboboon
OO00O0bO0bOob0obooonoonbooD 51000000 validOODOOoDoooonDO

gs1b000d00bbbodg igdobbbuoooboobbo sbbbuooan
goobododog 20 400000000000 b00000O0UoUbLbobbOoOOn
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gboboogobuogoobboobooobooobuoboobboobobboobon
gboooggbuogoobdb s1ugbboobbodoobbuoooobobooboon
gbobbuoooobbbdoobuogo 1bouoooobbbouooon

000 Station-Pair 00000000 ROODOODOO

-- Behavioural Equivalence on Station-Pair .
op _ R _ : Station-Pair Station-Pair -> Bool .
var S1 S2 : Station-Pair

eq S1 R S2 = dirlever (station-A S1)

1]
*
]

dirlever (station-A S2)

1]
*
]

exitlever (station-A S2)
locklamp (station-A S2)
dirlever (station-B S2)

and exitlever (station-A S1)
and locklamp (station-A S1)

*

and dirlever (station-B S1) =x

1]
*
]

exitlever (station-B S2)
locklamp (station-B S2) .

and exitlever (station-B S1)
and locklamp (station-B S1)

1]
*
]

U 51000000 st10 sthdgnbnbnboog

ops stl st2 st3 st4 stb : -> Station-Pair .

-- Case: stl.

eq light? (lock-lamp (station-A st1)) = On .

eq light? (lock-lamp (station-B st1)) = On .

eq which? (dir-lever (station-A st1)) = Right .
eq which? (dir-lever (station-B stl1)) = Right .

eq which? (exit-lever (station-A stl)) = Go .
eq which? (exit-lever (station-B st1)) = Stop .

—— Case: st2.

O00 S:Station-Pair 0 valid OO0 000000 0OOOO0OQO isin-vaild-state O O
000000 SO st1l 0 sthOO0O0OO0OO0OOOO0OOOOOOO SO validoOoOoOooo
oo0ooog

—-- State S is in valid states.

op isin-valid-state : Station-Pair -> Bool .

var S : Statiomns .

eq isin-valid-state S = (S R stl) or (S R st2) or (S R st3) or
(S R st4) or (S R stb) .

O00 S:Station-Pair 000D 00000000 0OO0O0OO0OOO0OOO0OOOOOO
valid OO OOO0OO0OO0O00000 forall-action OO OOOO
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op forall-action

eq forall-action S =

and =
and =
and =
and =
and =
and =

and =

isin-valid-state
isin-valid-state
isin-valid-state
isin-valid-state
isin-valid-state
isin-valid-state
isin-valid-state

isin-valid-state

: Station-Pair -> Bool .

(A-turn-left S)
(A-turn-right S)
(A-turn-go S)

(A-turn-stop S)
(B-turn-left S)
(B-turn-right S)
(B-turn-go S)

(B-turn-stop S) .

00 forall-action OO 0OOstl1 O sth D OO OOOOOO Station-Pair OO0 OOO0O
0000000000000 vwidoOOoooooogooooooooooooooo
oooo

reduce (forall-action stl) and (forall-action st2)
and (forall-action st3) and (forall-action st4)

and (forall-action stb)
—-> Should be true.

O0D000O00000000000 st10 st 000 Station-Pair OO OOO valid
OooODoOOoO0O0O00000OO0ODODOOOOO0O0O0OODDODODOO Station-Pair OO stl
Osth 0000000000 ODOO0OOODODODStations-Pair 0 validOOOOOOOO
Ooooooooodd

OOboooobooogboon stl,st2,st4, st 00000000000 0O00O000O0O
Ooobooooboooobooobobooooboboooooo

O0O0ooo0dodst200000000st20 BOOOOOOOOOOO0OOO000O
0000000BOOOOOOOOOOOOOO B-turn-left/right 000000000
000000 B-turn-go/stop 00000 Station-Pair 000 0000000000000

-- Case st2.

eq light? (lock-lamp (station-A st2)) = 0ff .
eq light? (lock-lamp (station-B st2)) = On .

eq which? (dir-lever (station-A st2)) = Right .
eq which? (dir-lever (station-B st2)) = Right .
eq which? (exit-lever (station-A st2)) = Stop .
eq which? (exit-lever (station-B st2)) = Stop .
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reduce st2 R (B-turn-left st2) .
reduce st2 R (B-turn-right st2) .
reduce st2 R (B-turn-go st2) .

reduce st2 R (B-turn-stop st2) .

—-> Should be true.

O000st20 st200000 B-turn-left 00000000 Station-Pair 00000 O
O00st2000000000 B-turn-left O Station-Pair 00 00O OO0OO0O0O0OO0O
Oooood

000000000000 000DO0000DbO0O00 VaidOoOoOooooooooaono
OO000000O000O00DO0DOO0O0DOO0O0OO0o00oO0O0 1goo0 500AD0O0O0O0O0
00000000 40BO0O0O0O0O0O0O0O0ODOO0O0O 20000000000000O00
OO0000000O00O0O0DOO0DO0ooo0oo0ooo0obOo0boOobooOooonoa
01000 2000000000000000

54 0000000 (0DO)

541 0O0OOOOO

0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000 (00)000000000
00000 (00)0000 BOOOOO (000000 BOOO )0OO BOOOO
000 510000000 BOOOODOOOOOOOOOOOO0O00O000000000
oooood

05100000000000000 3LT, 2RT, 11T, AT, 12T, 2LT, 3RT 0000 O
O0000ACOOO2RTO0000C0O00000O0LT, AT, 12T, 3RTO000000
BOOOOD 2LTO0O000OO0C0OO0O0OOOI2T, AT, 11T, 3LT 0000000000
00000 (0000000000)0000000000000000

00000 2ROOCOOOCOOOOOOOOOOOOOOOOOO

1. ADOOO0ODOOODOOO

2.0000 1T,ATOO0O0ODOOO
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— 3LT |_O .|_ 2LT _|.
1T . AT l 12T
A - ' | < BO
 2RT : .|_3RT_|.
|—O ooooo
5L

ooooo
2R

g s510: ooobooboooobbbooon

OO0Od2RrRTO0000O000DO0O 2rRO0O0OO0O0OOO0DOOODOODOOOO1ITO
O000000OO00boooOo0oOoooDoO 200000002RO00000000AT
Oo0O000O00ooOoO00obOoO00oDooO00oDoOoO0DoOoO T, AToDOo0oooDoooo
goboboooobbbooon

OO00ADODOODOOODOD 1TODOOD ATOODDOODOOOODODOOADO
OooodoboUooOooOoo0dOoogbOooDADOOOUODOOUODOUODOODOO
OO000b0obAOOOOODOODODOOOOOODODO BODOoboooooobooo
oboobooobooobooboobobooobobobobD nNnTroobooboBOOO
0000 200000000 0bOO0000O00DOoATODODODOOODOOOUODOOB
Oo0000ooO00ooOo00ooboOoobOo0oATOO0ODOOO 2Lb00DO0OODODOOO
000000000000 00O00O0Db0bO0bO000U0b00D0ODODODOUODbDODbDOAT
O AQO00O0OO0OO0ODOOO0ODOOOOOO0O0ODOOOObOO0OODOOUODOODbOOO
gbbooboboogbuoobbuoobboobobboooboboobuoobboobon
goobad

OO0DO0000000D0 AOODOODOODUT, ATOOODOODOD0ADODDOODO
gbobogbobodbboboboobbouoboboobbogbooboboobbon
gboboboooobbbooobobbboooon

gbouobodbbogobodoobooboobboobonbo sao0obbooboo
ooobgsLubobon 1T 3Lrobobdbobooboboobuonobonbg
oogsLbooodboogboobobboboobooboobobboboong
googobodbodbbooobuoobbooboobbobbooboooobon
gbbboodgbobbooobobbbuoogn
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5.4.2 O0OOOOOOOOOOO

000000 BO AOODO BOOODOOOODODODODOODODOODODODODO
O0000D00OO0O00 2RT, 11T, AT, 12T, 2LT 000000 O00ODOO0OOODOOO0O0
gboboboooon

goooo
2L

ooood
5R O_|

+.n1.ﬁ.
1T | AT | 12T
A - ' | -<:: BO
m— 2RT :: -

F‘() 0oooo
5L

ooooo
2R

O 511: 00 BOOOOOOooOoOooOd

OO0000DO0OD0OD0000 Railway-TCODOODOODOODOOODODODOOOOO
OO0000O00OO00DOoOO0bOOo00DO0On0 AwtoBOODOOOODOODODOODO

*[ AutoB ]x*

bop move-train _ _ : TrainID AutoB -> AutoB
bop A-reach-train _ _ : TrainID AutoB -> AutoB
bop A-leave-train _ _ : TrainID AutoB -> AutoB
bop B-reach-train _ _ : TrainID AutoB -> AutoB
bop B-leave-train _ _ : TrainID AutoB -> AutoB
bop A-turn-left _ : AutoB -> AutoB

bop A-turn-right _ : AutoB -> AutoB

bop A-turn-go _ : AutoB -> AutoB

bop A-turn-stop _ : AutoB -> AutoB

bop B-turn-left _ : AutoB -> AutoB

bop B-turn-right _ : AutoB -> AutoB

bop B-turn-go _ : AutoB -> AutoB

bop B-turn-stop _ : AutoB -> AutoB

bop A-exit-signal _ : AutoB -> Signal2

bop B-exit-signal _ : AutoB -> Signal2

37



bop A-entry-signal _ : AutoB -> Signal3

bop B-entry-signal _ : AutoB -> Signal3
bop stations _ : AutoB -> Stations
bop railway-tc _ : AutoB -> Railway-TC

D000 move-train 00000 TrainlD OODO0OOODOODOOODOOOOOOODOO
A-reach-train D000 2RT 00000000 DOOODOOOOODOOOOODODOODOO
000 Train 00 00000000OOOB-leave-train 0 12T 00 BOOOOODOODO
OO00000000D000oo00ooooooooooooooooooooooooagn
B-reach-train, A-leave-train 0 000000000

O0000000D000 A-exit-signal 0 B-exit-signal 000 00000000000
Stations 00000000 stations 00000000000 DOOODOOOOODOOOO
oo0ooooooon

543 UOU0OOOOOOOOOOODLDOODOOOONO

0000000000000 0O0DO0o0 A)BOODODOUODODOOODOODOODOO
gbobogobuogodgbooobooobuoobobboooboobobuoooboobo
gboboboooobboooobbboogbbbboooobbobod

googobbobobobbbboobbbbboobobbbobbboboobbbobobbon
51000000000 AOODO BOOOODOODODOODOoOD2rTOODOODOODOO
Oo0O0O0C0cO00 2rO000000D0C00C00DOO0ODDOOOOOO0 ADDOOO
obooboobooboobooboboobobob 2RTODOODO0ODODbOODO
OO000b0ob0o0o0obO0obO0oboooUooBUOODODODODOODODODOO ADOD
gbobobuoooobobbuoooobon

00000 wlOOOOODOOO 2RTOO0CO0OO0ODOODODO AODOODOOO
gboboboooobbbuooobobbbooobooboboaon

op rwl : -> AutoB-Sys

eq where? (train tr (railway (railway-tc rwl))) = 2RT .
eq watch (A-exit-signal rwl))) = G .

-- 00000000ooo

eq exist? (trackcircuit 2RT (railway-tc rw2)) = true .
--Q0000oo0ooooo

eq which? (dir-lever (station-A (stations rwl)))

Right .
Right .

eq which? (dir-lever (station-B (stations rwl)))
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-—— googoobooboogon

eq which? (exit-lever (station-A (stations rwl)))

Go .
Stop .

eq which? (exit-lever (station-B (stations rwl)))
- guoooooonon

eq light? (lock-lamp (station-A (stations rwil))) = On .

eq light? (lock-lamp (station-B (stations rwil))) = On .
-——Aldddgooobooooboooood

red which? (exit-lever (station-A (stations (turn-A-stop rwil)))) .
--> Should be Stop.

00000000000 UT (000 AT)ooDOOooooooooouTOoOoOoOoOoOo
2rO000O00O0O0000DOO0OOODOOODOObLO0ObLO 2ROOD0ODOODOOO0
gbobogobuogobodooboooobbbooboooboooobboobbon
gobobooogoobobboodu rw20000000000000O0ODODO0OO0OO0
O000000000ooooD (MTODODDDATOOO) O

op rw2 : -> AutoB-Sys

eq where? (train tr (railway (railway-tc rw2))) = 11T .
eq watch (A-exit-signal rw2))) = G .

- gooooooooo

eq exist? (trackcircuit 2RT (railway-tc rw2)) = true .
- 0O0ooooogooo

eq which? (dir-lever (station-A (stations rw2))) = Right .
eq which? (dir-lever (station-B (stations rw2))) = Right .
--doooooooooon

eq which? (exit-lever (station-A (stations rw2))) = Go .
eq which? (exit-lever (station-B (stations rw2))) = Stop .
- goooogooo

eq light? (lock-lamp (station-A (stations rw2))) = On .

eq light? (lock-lamp (station-B (stations rw2))) = On .

--AQ00COCOO0O0O0O0OOODODOCOOOO
red which? (exit-lever (station-A (stations (turn-A-stop rw2)))) .
—-—> Should be Go.

000 11TO ATOO0OO0O0012T (000 3RT) 00000000000000000
000000 2RO0000000000000000O0 SRO000 3RTOO0O00O0
0000000000000000000000000000000 w3000000
0000000000000000000000000000 (12T00003RT OO0
0ooo)o

39



op rw3 : -> AutoB-Sys

eq where? (train tr (railway (railway-tc rw3))) = 12T .
eq watch (A-exit-signal rw3))) = G .

- gooooooooo

eq exist? (trackcircuit 12T (railway-tc rw3)) = true .
- 0O0ooooogooo

eq which? (dir-lever (station-A (stations rw3))) = Right .
eq which? (dir-lever (station-B (stations rw3))) = Right .
- Joooooooooon

eq which? (exit-lever (station-A (stations rw3))) = Go .
eq which? (exit-lever (station-B (stations rw3))) = Stop .
- goooogooo

eq light? (lock-lamp (station-A (stations rw3))) = On .

eq light? (lock-lamp (station-B (stations rw3))) = On .

--AQ00COCOO0O0O0O0OOODODOCOOOO
red which? (exit-lever (station-A (stations (turn-A-stop rw2))))
—-—> Should be Go.

oobooobooboobbooobboobboobboobboobboobo B
000 AJOOOO0ODOOO0O0OoOoO0OoOo0ooobooOooDogooDboOoooo
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1 6l

BN

6.1 UUOoooon

6.1.1 0OO0OOO

googbobobuogbbooboobbooboobbooboobboobobbon
gbboouogoboobobbuogbboobbobuodobbuooboooboboon
gbobogooobodgbooobuogbbobobbooboobboooboobbon
O CateOBJ OODOOOOODOODOODOODOODOOODOODOO

gbuogoboboogboobbuobbuoouoobuoboboobooboon
gbooouodbbogbobuogobuoobbooboouooboobboobbon
0000000000000 000o000ooOo0o0ooooooooooooD (obo)o
OO0D00000000 CateOBJOOODOOODOODOOOOOOODOODOODOOO
gbbbuoooobbbooobbbboooon

6.1.2 000000

CafeOBJUOOOOOOOODOODODODOOOOOODOODODODOOODOOO
gboobogobobooobboboooboooboobbaboobbooboon
00 (00)00o000000000O0O0O0OO0O0O000O0oOoooOooOOoOoOooDODOO
gboboboogobobobooobboboogoboo

gobobooobbooboobobboobobooobouououuuooooooooooooon
gogoboodbbodbbuobuoouooobooobooobbuoouoobboobon
goo
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gboodbboobogboodgbboobuodoboobbooboobboooboan
OO000D00OD0 CateOBJ ODODODOODOODOO

6.2 0U0OOO

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000

Morley 10 000000000000000000000000000000000
000000000000000000 [11]0000000000000000000
0000000000000000000000000000000000000000
00000000000000 [12]0

Bjgrner 1000 000000000000000 RAISEDDDOOOOOOOOO
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0o0oooo0 [13) 0
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000 (140

6.3 UUOOoooogng

6.3.1 UUOOOOO4ooo

gbuogbobugboboboboobbooboobboobooogboobbod
0000000000000 00000o0oO0O00o00oo00D (Co)booooo
goobooo

gbuogoboboobbuoobbuobboobboobboooobooboon
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0000000000000 0000O000oOOo000oOoOo0oooooOoOo0OO (oo)
gobooggbobbodbbodgboooboobbboobbuoobboobbboon
goooboobbobbbbbobobbbobbbbbbbooboooooooooooon
goo

OO0000000000000O00000O00DbO0O0D0O000 Railway-TCOOOO
gboboogboboobooobbbbuoodgbbogbbogogoboboboon
gbboboooobood

6.3.2 UUOOOOO

gobobobbooboobobbbobobbobbototbdogooooooooooooooon
gooooobobbobobobbbbbbobboddoduoooooooooooon
goo

gbhuogobodgboogoobbodbuooobuoobbooboooboobbod
OOoobbbOOoooobooboobboo0o0ooobooooooboooobOoO Railway-TC
O0000000b00b00bbBare-Railway D0 OO0 OOODOOODOOOOOO
gbooboogn

gbuogodgbbuogboogbuoboobbooboooboboobboboon
gbobogobodbboobobboobuoobboobobodboooboobobon
gobogobuogbbodbboboooooboobboobooobuooobodoon
gbodbboouobbuoobbuoguogbboobbooboooboboooboon
0000000 9000000000000 0o0o0ooooobooooooooooo
gboboboooobbbooobboobbbooobobbboooon

6.3.3 0UO0OOOO

googbboobodgbboobuobooboobbooboobbooboban
gbobogbdoobogoboobobuoooboobboobooobuoooobbobon
gboobodbbogboooboobobbooboooooboobboobobon
gbobobooon
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6.3.4 OUOO0OOOOOOOOOO

gt obboboboobobbbbouon
O000000000160km/h 0000000000000 O0O0O0O0OOOOO160km/h
000000000000 000U00UUUooDoDoOoOC0OO0D (Dobooooooo
0)000000000000O0O0O0O00oOoooooooo

O00000000000000 ATC (Automatic Train Control) DO OOOOOODO
000000000000 0ATCOD0ODOO0ODOO00O00O00ODO0ODO0DOO0OODOODO0n
000000000000 DO0DO0O0O00DOO0O0bOoDODATCOODDOODOOODOO
gobbooooogo

guobobbbbboduuoooooooobbobbbdoouooboooon
godboobbbboodoooououobbbbooddouuuooooouboog
goodooooobobon

6.3.5 UUUOOOOOoog

googoboboogboooboboobboobobbbooooobboboon
gobboooboboooobboooobbbooooobbuoooobobobooooa
gbobboogobbbooobboboooobbobooobbboooon

gbhuogodbooobuoobobodbobuoobboobbooboobbuooon
gboogobodbbobuooboboobuoobboobooobuooooboobobon
gboogbobodbboboboobbbuoobbodbuoooobooboboobbon
gbobbuoooobboboooobobobooobbbbooobbbooaon
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