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Design-time capacity — SAT modulo Discrete Event Simulation

Capacily - comshaints

This work addresses a central problem that occurs when

allCOMPLETE

> , Physical infrasfructure Allocation of resources
designing the layout and control systems for railway sta-
tions: Does the station infrastructure have the capacity Trains travel on a network of railway tracks which Avoiding collisions by exclusive use of resources is the
to handle the amount of trains and the desired traveling have (1) physical properties such as length, gradient, | responsibility of the interlocking, which takes requests
times? curvature, etc., (2) topology determined by the loca- == from the dispatcher for activating elementary routes.
We consider the low-level railway infrastructure capac- tion of switches (branches), (3) equipment such as sig- 1 Wait f . K 4 switches ;
ity verification problem, defined as follows: nals and detectors, and (4) sight information showing = 1+ VVait for resources: track segments and switches in

from which parts of tracks a signal is visible. the route path must be free.

Given a railway station track plan including

. . . . OO— 2. Movable elements: set switches into position.
signaling components, rolling stock dynamic P
characteristics, and a performance/capacity o " 3. Signals: show proceed aspect until train has passed.
specification, verify whether the specification R
can be satisfied and find a dispatch plan as a _*’.- EEEEEE N — 4. Release: wait for the train to leave, then deallocate.
witness to prove it. —00 —00 —00

. . Laws of motion
Solving this problem subsumes the following railway in- Signal A Signal €
frastructure design activities: Trains move according to the laws of motion, acceler-
. . . . . Communication constraints ating towards the current maximum speed, while also
° Lowjlevel running time ana.ly51s - Ver¥fy the time braking in time to meet all speed restrictions ahead v;:
required for getting from point A to point B. After movement has been allowed by the control sys-
. , , tem, the driver must be informed of this fact. v —vg < alt v? — v? < 2bs;
o Low-level schedulability analysis — verify fre-
quency of trains. e}rriving ata station, e.md simqlta- ¢ Communication is limited by how many differ- +Velocity
neous opportunities for crossing, parking, loading, ent aspects the lamps can show. To avoid high- :
etc. speed trains slowing down at every signal, sev- Velocity restriction Braking
. . L . eral consecutive elementary routes can be sig- cuve
e Combinations — verify running time requirements , , , , _  targets
: naled in advance using so-called distant signals.
on schedulable operations. /
\. J
e Automatic train protection systems (ATP) /
e Furopean Rail Traffic Management System /
_ (ERTMS) uses long-range radio for communi- \ \ \
User crestes | g | Ifrastes cation, .effectively removing the communication | » \ \ S
CAD I;grogram components — constraint.
. l | Simulator
. Routes: 11 i
Dertlve > controlttables l SpeCIfICOTIOnS
routes w/ safety
l / Operational scenario Running time
History of
Operational Dispatch: e To capture typical performance and capacity require- = = An expectation of how long it should take for a train to
(verification [~ % >| | nand Al ments in construction projects, we define an opera-  travel between two locations.
properties) . .
tional scenario S = (V, M, C) as follows: |
movement passengertrain {
The planner part of the tool chain is implemented in a 1. A set of vehicle types V, each defined by a length IV%Sit ta [bl]; visit #b [b2] }
CEGAR loop: [, a maximum velocity vmay, a maximum accelera- = | t1Ming & < 20.0 b
tion a, and a maximum braking retardation b.
Inputl
- : Crossin
Pre-processor. 2. A set of movements M, each defined by a vehi- g
convert model representation for cle type and an ordered sequence of visits. Each ) : : . . . .. .
L : : Trains traveling in opposite directions can visit a station
each solver component visit g is a set of alternative locations {/;} and an ,
. . . simultaneously.
| optional minimum dwelling time .
Route/conflict Infrastructure graph . . . {
abstraction Candidate plan representation . . . . L. movemen passengertraln
_— 3. Asetof timing cqnstramts C, Whlch are two visits visit #p_in [bl]; visit #p_out [b2] }
Planner (SAT): Simulator (DES): da, ¢p, and an optional numerical constraint ¢, on =+ . goodstrain |
generate route execute planned the minimum time between visit ¢, and ¢,. The L - ] o
S . - , visit #g_1in [b2]; visit #g_out [bl] }
activation sequence sequence up to time limit two visits can come from different movements. If - .
Ul . . o - | timing p_in < g_out
UNSAT - SAT the time constraint ¢, is omitted, the visits are only . .
Eliminate plan prefix , timing g_1n < p_out
required to be ordered, so that ¢, < t,,.
\. J

S -~ Cosestudies

1. Redundancy: The planner can be used to detect
whether some equipment in the design is redun- Infrastructure Performance table
dant. If a plgn can be fou.nd whmh doe.s require any Infrastructure [Property  |Result npes  fsar foms  fu
use of certain pieces of signalling equipment, these Runtime  [Sat. I 001 000 001
. . E] B 4606 Frequency |Sat. 1 0.01  0.00 0.01
- aghs - 17 — .
pieces can be considered for removal from the de a0 i '(Tl‘zoe;g:;k) Overtaking 2| Sat 1 000 000 0.0
sign, ' Overtaking 3 |Unsat. 0 0.01  0.00 0.01
231 3t Crossing 3 | Unsat. 0 0.01  0.00 0.01
: : . ST B B - S, 0 o : s Run. i Sat. 2 001 000 002
2. Maximal design: we can find all relevant locations EE— T I o S Pty Kolbotn (BN) | J°% 0% |5 005 000 006
. ) 14 - o " s (56 elem.) ' ’ ’ '
to place signals (maximum schedulability) by plac- e 3 s Overtake 3 |Unsat. 0 0.05 000  0.06
. o al itch /branch, turning th B a0 g s W w0Oms g o Mo | b Run. time | Sat. 2 001 000 002
g slghals hedl every switch/branch, turning the ~ \ i gr——an [ Eidsvoll (BN) |Overtake 2 |Sat. 1 008 000 0.08
signal placement synthesis problem into optimiza- g s e (64 elem)  |Crossing 3 |Sat. 1004 000 004
t a627HOCH 325 318 = 3 311 ff' 328 Crossing 4 | Unsat. 0 0.21 0.00 0.21
101. ——— M a cen— Asker (BN) Overtaking 2 |Sat. 1 0.20 0.00 0.21
. ’ % B Ao (170 elem.) Overtaking 3 |Unsat. 1 0.73 0.00 0.74
3. Running time optimization: starting from a de- <~ SPB ” |Crossing 4 |Sat. 0 075 000 077
. : . .1: , Run. time | Sat. I 002 000 004
sign schedula?ole which satisties schedule?bﬂﬁy re- Source: Bane NOR SEF, Norway. Amna (CAD) | Overtaking 2 Sat 1 050 000 051
quirements, signals placement can be adjusted lo- (258 elem.)  |Overtaking 3 |Sat. I 143000 145
. .. . Case studies were performed usine: Crossing 4 | Sat. 1 1.73  0.00 1.74
cally to achieve timing constraints. p 5 Gen. 3x3 High time  |Sat. 00l 000 001
) (74 elem.) Low time Unsat. 27 0.18 0.01 0.19
1. an infrastructure model from the Arna construc- Gen. 4x4  |High time |Sat. [ 001 000 003
S, Plan 1: S, Plan 2: tion project made USiIlg the RaﬂCOMPLETE@D (196 elem.) L(.)W tlme Unsat. 256 2.08 0.26 2.34
. . . Gen. 5x5 High time Sat. 1 0.06 0.00 0.09
yd N, / AN railway signalling CAD software. (437 clem.)  |Low time  |Unsat. 3125 3889 435 43.24
S5 s, 2. the Norwegian railway infrastructure manager EABLEIOI;{Vg’g““g“}{@fggﬁﬁfg;g téigas?sf’ including
- . . . anc an al Infrastructure
/ N e W Bane NOR supplies a railML infrastructure model (BN) (CAD) infra
: . models. The number of elementary routes (elem.) indicates the
of the whole national railway network from e o - - -
L ) model’s size. npgs 1S the number simulator runs, tgat the time

which we have extracted examples. in seconds spent in SAT solver, tpgs the time in seconds spent
in DES, and .. the total calculation time in seconds.
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