
RAILCONS
Tools for static railway infrastructure analysis

Abstract
In designing safety-critical infrastructures s.a. railway
systems, engineers often have to deal with complex and
large-scale designs. Formal methods can play an impor-
tant role in helping automate or check various tasks.

– We focus on static infrastructure models and are in-
terested in checking requirements coming from design
guidelines and regulations.

– Our goal is to automate the manual work of the railway
engineers through software that is fast enough to do ver-
ification on-the-fly, so to include it in the railway design
tools, much like a compiler in an IDE.

– Usability of the verification is achieved through a seam-
less integration of a fast engine and using RailCNL to al-
low engineers to read/write the verified rules.
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Fig. 7: Railway design tool chain. The CAD program box shows features which are di-
rectly accessible at design time inside the CAD program, while the export creates machine-
readable (or human-readable) documents which may be further analyzed and verified by
external software (shown in dashed boxes).

Railway infrastructure topology, signalling objects, and interlocking specifications should
be automatically transferred to a code generation and verification tool to help automate
interlocking implementation. The transfer of data from the CAD design model to inter-
locking code generation tools is possible by using standardized formats such as railML,
which in the future will also include an interlocking specification schema [5].

– Capacity analysis and timetabling can be performed using e.g. OpenTrack5, LUKS6,
or Treno7.
OpenTrack is a simulation tool which allows stochastic capacity analysis, running time
analysis, and other types of analyses. By transferring data directly from a CAD model,
such analyses can be performed at an early stage in the design process, greatly increas-
ing the possibility for design decisions to be affected by capacity analysis. This allows
a more agile and dynamic design process, so that the end goals of the railway adminis-
tration can be met, and costs of re-designing and re-building can be minimized.

– Building information modeling (BIM), including such activities as life-cycle informa-
tion management and 3D viewing, are already well integrated with CAD, and can be
seen as an extension of CAD.

5 OpenTrack: simulation of railway networks, http://www.opentrack.ch/
6 LUKS: analysis of lines and junctions, http://www.via-con.de/en/development/luks
7 treno: timetable reliability & network operations analyser, University of Trieste.

RailCons software allows checking rules and
regulations of static infrastructure inside the
CAD environment, while more comprehen-
sive verification and quality assurance can
be performed by special-purpose software for
other design and analysis activities.
– We limit the verification inside the design
environment to static rules and expert knowl-
edge, as these rules require less dynamic in-
formation (timetables, rolling stock, etc.) and
less computational effort, while still offering
valuable insights.
– This situation may be compared to the tool
chain for writing computer programs. Static
analysis can be used at the detailed design
stage (writing the code), but can only verify
a limited set of properties. It cannot fully re-
place testing, simulation and other types of
analysis, and must as such be seen as a part
of a larger tool chain.

Railway signalling design process

Track and signalling component layout

Railway construction projects rely heavily on com-
puter aided design (CAD) tools to map out railway sta-
tion layouts. The various disciplines within a project,
such as civil works, track works, signalling, or cate-
nary power lines, work with coordinated CAD models.
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Fig. 1: (a) Example schematic construction drawing. (b) Cut-out from 2D geographical CAD
model (construction drawing) of preliminary design of the Arna station signalling.

Route Start End Sw. pos Detection sections Conflicts
AC A C X right 1, 2, 4 AE, BF
AE A E X left 1, 2, 3 AC, BD
BF B F Y left 4, 5, 6 AC, BD
BD B D Y right 3, 5, 6 AE, BF

Fig. 2: Example of a tabular interlocking, showing available routes and their conditions.

3 Semantic CAD

Civil engineering construction projects, such as railway projects, make heavy use of computer-
aided design (CAD) tools to model the geometric aspects of the construction project and its
product. The origins of CAD tools are in the computerizing of traditional drafting, which
produces human-readable technical drawings that are used as plans and documentation for
the construction. Mainstream CAD tools are mainly concerned with manipulating databases
of geometrical objects constituting 2D or 3D representations of spatial properties, and the
production of human-readable drawings which depict these geometrical structures.

The DWG file format created for the Autodesk AutoCAD software is a de facto standard
in many engineering disciplines, and this format has also been adopted by several other CAD
software packages.

Interlocking specification

An interlocking is an interconnection of signals and
switches to ensure that train movements are per-
formed in a safe sequence.
The main purpose of the interlocking specification is
to tabulate all possible routes and set conditions for
their use. Typical conditions are:

Switches must be positioned to guide the train to a
specified route exit signal.

Train detectors must show that the route is free of
any other trains.

Conflicting routes , i.e. overlapping routes (or safety
zones), must not be in use.

Route Start End Sw. pos Detection sections Conflicts
AC A C X right 1, 2, 4 AE, BF
AE A E X left 1, 2, 3 AC, BD
BF B F Y left 4, 5, 6 AC, BD
BD B D Y right 3, 5, 6 AE, BF

CAD tool integration of RailCons verification engine

Figure 1: Prototype static verification tool used in AutoCAD

A prototype tool was implemented using
Autodesk AutoCAD, and XSB Prolog as the
Datalog backend.
When rule violations are found, the rail-
way engineer will benefit from information
about the following:

• Which rule was violated (textual mes-
sage containing a reference to the source
of the rule or a justification in the case of
expert knowledge rules).

• Where the rule was violated (identity of
objects involved).

Also, classification of rules based on e.g. discipline and severity may be useful in many cases. In the rule databases, this
may be accomplished through the use of structured comments. Any violations found are associated with the information
in the comments, so that the combination can be used to present a helpful message to the user.
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RailCNL – a controlled natural language for railway regulations
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Figure 2: Verification process overview. Models come directly from the CAD
program, which engineers are already familiar with. Properties come from
paraphrasing the regulations using CNL, which in turn are translated into Dat-
alog. The reasoner outputs issues (warnings and errors) which are presented
to the user in the CAD program by highlighting the objects involved in the vi-
olation. Issues are traced back to the original text (i.e. the regulations) though
identifiers on the marked-up sentences.

To allow the engineers to participate in the
verification process, we use the controlled
natural language RailCNL for representing
properties on a higher level of abstraction,
make them closer to the original text while
still retaining the possibility for automatic
translation into Datalog. This approach has
the following advantages:

• RailCNL is domain-specific, i.e. tai-
lored both to the types of logical state-
ments needed by the verification en-
gine, and to the regulations terminology.
This allows concise and readable expres-
sions, increasing naturalness and main-
tainability.

• The language closely resembles natu-
ral language, and can be read by engi-
neers with the required domain knowl-
edge without learning a programming
language.

• A separate textual explanation (such as comments used in programming) is not needed for presenting violations
textually, as the properties are now directly readable as natural text. Comments could still be used, e.g. to clarify
edge cases or to clarify semantics, as is done in the original texts.

• Statements in RailCNL can be linked to statements in the original text, so that reading them side by side reveals to
domain experts whether the CNL paraphrasing of the natural text is valid. If not, they can edit the CNL text.
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Datalog logic programming for static railway verification

Datalog

The Datalog language is a first-order conjunctive
queries logic extended with least fixed points. Data-
log uses the Prolog convention of interpreting identi-
fiers starting with a capital letter as variables, and other
identifiers as constants, e.g., the clause

a(X,Y ) :– b(X,Z), c(Z, Y )

has the meaning of

∀x, y : ((∃z : (b(x, z) ∧ c(z, y)))→ a(x, y)) .

We can define railway objects to be connected through
the graph of tracks:

directlyConnected(a, b) :– track(t), belongsTo(a, t),

belongsTo(b, t).

connected(a, b) :– directlyConnected(a, b).

connected(a, b) :– directlyConnected(a, x),

connection(x, c),

connected(c, b).

Here, the connection predicate contains switches and
other connection types. Further details of relevant pred-
icates are given in the sections below.

Railway regulations representation

Interlocking: Track clear on route Each pair of adja-
cent train detectors defines a track detection sec-
tion. For any track detection sections overlapping
the route path, there shall exist a corresponding
condition on the activation of the route.
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This can be represented as follows:

defaultRoute(a,b,d)← signalType(a,main)∧ signalType(b,main)∧
direction(a,d)∧direction(b,d)∧
following(a,b,d)∧ existsPathWithoutSignal(a,b,d),

ruleViolation4(a,b,d)← defaultRoute(a,b,d)∧
¬(∃r : trainRoute(r)∧ trainRouteStart(r,a)∧ trainRouteEnd(r,b)).

This type of rule is not absolutely required for a railway signalling design to be valid and
safe. Some rules are hard constraints, where violations may be considered to be errors in
the design, while other rules are soft constraints, where violations may suggest that further
investigation is recommended. This is relevant for the counterexample presentation section
below.

Property 5 (Interlocking: Track clear on route) Each pair of adjacent train detectors de-
fines a track detection section. For any track detection sections overlapping the route path,
there shall exist a corresponding condition on the activation of the route.

Section 1 Section 2

Sig. A Sig. B

Detector Detector Detector

Tabular interlocking:
Route Start End Sections must be clear
AB A B 1, 2

Property 5 can be represented as follows:

existsPathWithDetector(a,b)←∃d : following(a,b,d)∧ trainDetector(x)∧
between(a,x,b).

adjacentDetectors(a,b)←trainDetector(a)∧ trainDetector(b)∧
¬existsPathWithDetector(a,b),

detectionSectionOverlapsRoute(r,da,db)← trainRoute(r)∧
start(r,sa)∧ end(r,sb)∧
adjacentDetectors(da,db)∧overlap(sa,sb,da,db),

detectionSectionCondition(r,da,db)← detectionSectionCondition(c)∧
belongsTo(c,r)∧belongsTo(da,c)∧belongsTo(db,c).

ruleViolation5(r,da,db)←
detectionSectionOverlapsRoute(r,da,db)∧
¬detectionSectionCondition(r,da,db).

Property 6 (Interlocking: Flank protection) A train route shall have flank protection.

Tabular interlocking:
Route Start End Sections must be clear

AB A B 1, 2

This property can be represented as follows:

existsPathWithDetector(a, b)←∃d : following(a, b, d)∧
trainDetector(x)∧
between(a, x, b).

ruleViolation(r, da, db)←
detectionSectionOverlapsRoute(r, da, db)∧
¬detectionSectionCondition(r, da, db).

Performance – incremental Datalog
The common use case for running the railway design
CAD tool in general is that one performs a series of
small changes. This requires lowering the running time
of the verification, hopefully to less than one second,
while keeping in mind that our prototype verification
tool should eventually be able to scale up to much larger
stations, projects spanning several stations, and signifi-
cantly larger knowledge bases. Exploiting the fact that
the design work is incremental, also evaluating the Dat-
alog programs incrementally seems to be a promising so-
lution to this challenge.
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(a) Edge relation visualized as arrows between ob-
jects (each element is an arrow e(a,b)).

(b) DRed algorithm: removing one edge (thick line)
triggers re-evaluation of many dependent edges
(dashed lines)

(c) FBF algorithm: removing one edge (thick
line) causes re-evaluation of dependent edge (thick
dashed line), but confirmation that this edge is still
valid stops further propagation.
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(d) Counting approach: removing one edge (thick
line) causes re-evaluation of dependent edge (thick
dashed line), but because this edge has multiple
derivations, it is still valid, and propagation can
stop. Note that a pure counting approach is not suf-
ficient in this case because of the recursive reacha-
bility rule.

Fig. 11: Different approaches to incremental evaluation demonstrated on a reachability pro-
gram using an edge relation. Using the edge relation in (a), the reachability from the first
vertex is calculated, and update strategies for (b) DRed, (c) FBF, and (d) a counting approach
are exemplified.

This method is used in the Semantic Web tool RDFox10, which has a high performance
on multicore processors with in-memory databases. We are considering RDFox as an al-
ternative candidates for the back end of our incremental railway infrastructure verification
procedure.

7.2 Tools and performance

This section summarizes a survey of tools first presented in [27], and describes tools that
feature incremental evaluation and Datalog, and which have the maturity required for a fu-
ture in industrial applications. The logic programs for our verification make use of recursive
predicates, stratified negation, and arithmetic. Therefore, we pay particular attention to tools
that at least satisfy these needs. In addition, we are looking for high performance on rela-
tively small (in-memory) data sets, so light-weight library-style logic engines are preferred.
High-performance distributed “big data” type of tools have less value in this context.

XSB Prolog, continuously developed since 1990, has constantly been pushing the state of
the art in high-performance Prolog. XSB is especially known for its tabling support [47],
which allows fast Datalog-like evaluation of logic programs without restricting ISO Pro-
log in any way. The tabling support was extended to allow incremental evaluation [42],
and these features have been under continued development and seem to have reached
a mature state [46]. For some applications, however, the additional memory usage for
incremental tabling can lead to a significant increase in the total memory needed.

10 RDFox: scalable in-memory RDF triple store with share memory parallel Datalog reasoning, http:
//www.cs.ox.ac.uk/isg/tools/RDFox/

Testing
station

Arna
phase A

Arna
phase B

Relevant components 15 152 231
Interlocking routes 2 23 42
Datalog input facts 85 8283 9159
XSB:
Non-incr.: Time: (s) 0.015 2.31 4.59

Memory (MB) 20 104 190
Incr. baseline: Time (s) 0.016 5.87 12.25

Memory (MB) 21 1110 2195
Incr. update: Time (s) 0.014 0.54 0.61

Memory (MB) 22 1165 2267

Predictive text editor

Rule authoring tool with free-form input using the struc-
ture of the grammar to provide:

• Syntax checks – parsing status of phrase.

• Predictive – suggestions for completing a phrase.

• Chunked parsing – identifying partially well-formed
phrases and suggestions for combining chunks.

• Syntax highlighting and structural information – par-
tial structure of parse tree is displayed over the text.

• Language exploration – a menu provides alternative
structures, allowing users to learn more about the
language from modifying examples.

Properties / Regulations
Interlocking: Flank protection. A train route shall have
flank protection, i.e., for each switch in the route path
and its position, the paths starting in the opposite switch
position defines the flank. Each flank path is terminated
by the first flank protection object encountered along the
path. The following objects can give flank protection:

1. Main signals, by showing the stop aspect.
2. Shunting signals, by showing the stop aspect.
3. Switches, controlled and locked in the position

which does not lead into the path to be protected.
4. Derailers, controlled & locked in the derailing state.

While the indicated route is active (A to B), switch X
needs flank protection for its left track. Flank protection
is given by setting switch Y in right position and setting
signal C to stop.

RailCNL details
RailCNL modules

RailCNL has a modular design where domain-specific
constructs are separated from generic ones. However,
CNL modules are not always trivially composable, and
care must be taken to retain naturalness while avoiding
ambiguity when increasing the complexity of the lan-
guage.

〈Statement〉 ::= 〈OntologyAssertion〉
| 〈OntologyRestriction〉
| 〈DistanceRestriction〉
| 〈PathRestriction〉
| 〈PlacementRestriction〉
| (...) // Partial grammar
〈OntologyAssertion〉 ::= 〈Subject〉

〈Condition〉
〈OntologyRestriction〉 ::= 〈Subject〉

〈Modality〉 〈Condition〉
〈DistanceRestriction〉 ::=

‘the distance from’ 〈Subject〉 ‘to’
〈GoalObject〉 〈Modality〉 〈Restriction〉

〈PathRestriction〉 ::= 〈PathQuantifier〉
‘from’ 〈Subject〉 ‘to’ 〈GoalObject〉
〈Modality〉 〈PathCondition〉

〈PlacementRestriction〉 ::= 〈Subject〉
〈Modality〉 ‘be placed in’ 〈Area〉

〈Modality〉 ::= ‘must’ | ‘shall not’
| ‘should’ | ‘should not’
〈PathQuantifier〉 ::= ‘all paths’
| ‘no paths’ | (...)
〈PathCondition〉 ::= ‘pass’

〈DirectionalObject〉
〈GoalObject〉 ::= 〈DirectionalObject〉
| ‘the first’ 〈DirectionalObject〉
〈DirectionalObject〉 ::= 〈SearchSubject〉
| ‘a facing switch’
| ‘a trailing switch’
| 〈SearchSubject〉 〈RelativeDirection〉

〈RelativeDirection〉 ::= ‘same dir.’
| ‘opposite dir.’
〈SearchSubject〉 ::= ‘a’ 〈Subject〉
| ‘another’
〈Area〉 ::= 〈BaseArea〉
| 〈BaseArea〉 ‘which has’
〈PropertyRestriction〉

| 〈Area〉 ‘or’ 〈Area〉
| 〈Area〉 ‘and’ 〈Area〉
〈BaseArea〉 ::= ‘tunnel’ | ‘bridge’
| ‘local release area’ | 〈Identifier〉
〈Subject〉 ::= ‘a’ 〈Class〉
| ‘a’ 〈Class〉 ‘which’ 〈Condition〉
〈Condition〉 ::= ‘is a’ 〈ClassRestriction〉
| ‘has’ 〈PropertyRestriction〉
| ‘is a’ 〈ClassRestriction〉 ‘which has’
〈PropertyRestriction〉

〈PropertyRestriction〉 ::= 〈Property〉
〈ValueRestriction〉

| (...) // and/or
〈ClassRestriction〉 ::= 〈Class〉
| (...) // and/or
〈ValueRestriction〉 ::= 〈Value〉
| ‘not equal to’ 〈Value〉
| ‘less than’ 〈Value〉
| (...) // ≤, >, ≥
| (...) // and/or
〈Value〉 ::= 〈Identifier〉 | 〈Number〉 〈Unit〉
〈Property〉 ::= 〈Identifier〉
〈Class〉 ::= 〈Identifier〉

Fig. 3: English version of RailCNL’s core grammar in BNF. Some linguistic complexity
such as subject-verb agreement is ignored here; the actual grammar is fully specified as
GF code, which is ideally suited for handling such cases.
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Fig. 4: Modules of the RailCNL (boxes) and their dependencies (arrows). The generic
modules could be reused when building CNLs for verification in other domains. The
specific modules are, however, tailored to railway regulations.
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RailCNL examples

Tooling for RailCNL integrated in RailCOMPLETE

Paraphrasing view

Requirements tracing – informal text and formal-
ized paraphrases are linked together, so that expe-
rienced engineers can examine the correctness of
corresponding formulations, and inspect the cov-
erage of regulations.

• Defintion (gray), not a normative phrase, but
still formalized by using it as a definition for a
new predicate.

• Uncovered (red), normative phrase which is not
covered by RailCNL.

• Partially covered (yellow), normative phrase
which is represented by RailCNL but not cov-
ered by automatic verification.

• Covered (green), normative phrases for which
CAD models are automatically checked.

Tracing view

Requirements tracing – regulations violations
detected in the CAD model can be traced
back to RailCNL phases and their corre-
sponding original informal texts. Each rule
violation in the CAD program has a corre-
sponding menu which can open a RailCNL
debug view or the paraphrasing view.

– Experienced engineers can trace back from
errors to check the correctness of each step of
process from original text to CAD program
warnings and debug the verification itself.

– Inexperienced engineers can trace back
from errors in their design to the regulations,
which give context and justification for re-
quirements.
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