Proceedings of the 2013 IEEE 17th International Conference on Computer Supported Cooperative Work in Design

Simulation of CTCS-3 Protocol with Temporal
Logic Programming
Peng Zhang, Zhenhua Duan* and Cong Tian
Institute of Computing Theory & Technology and ISN Laboratory
Xidian University Xi’an 710071, P.R. China
Email: zhangbestpeng@qq.com, zhhduan@mail.xidian.edu.cn, ctian@mail.xidian.edu.cn
Abstract—This paper presents an approach to simulate and
verify the CTCS-3 (Chinese Train Control System 3) protocol with
a Modeling, Simulation and Veriﬁcation Language (MSVL) which
is an executable subset of Projection Temporal Logic (PTL).
First, the syntax and semantics of PTL and MSVL are brieﬂy
introduced. Then, CTCS-3 protocol is brieﬂy presented and a
simpliﬁed CTCS-3 protocol described by an MSVL program
is given, and the property to be veriﬁed is speciﬁed by a
Propositional Projection Temporal Logic (PPTL) formula. Finally,
the simulation is conducted by means of the interpreter of MSVL.
A dynamic graph showing behavior of train is depicted. Based
on the graph, we can verify whether or not the protocol satisﬁes
the property.
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I.

I NTRODUCTION

The CTCS-3 (Chinese Train Control System 3)[1] is a
protocol with the speed of 300-350 kilometers per hour. CTCS3 protocol uses the advanced technology to monitor and control
the speed and protect it against over-speed. CTCS-3 protocol
must meet the extremely high safety constrains, otherwise
errors would cause serious consequences sometimes. On July
23 in 2011, two trains with high speed collided with each other
in WenZhou city of ZheJiang province and this accident made
40 people dead and about 200 people injured. The accident
report shows that this accident was caused by design faults of
system using CTCS-3 protocol. So it is critical to ensure the
correctness and reliability of CTCS-3 protocol. For doing so,
simulation and testing are the effective means in practice.
Simulation is a process which is established by an actual
system model and the model is used to execute experimental
instances. Testing is to design a series of test cases to detect
whether a system is right or not. There are many simulation and testing tools, such as Simulink [2], [3], [4] and
M odelsim [5], [6]. Simulink is a visual simulation tool
based on Matlab, and it is a software package for simulation,
dynamic system modeling, which has been widely used in
linear systems and digital control systems. M odelsim is
considered to be the most excellent Hardware Description
Language (HDL). It can provide friendly simulation environment and support Graphical User Interface (GUI). Compared to
Simulink, the simulation speed of M odelsim is much faster.
However, the two methods above are not able to simulate
and test the system built upon CTCS-3 effectively. Although
Simulink can simulate CTCS-3 protocol it cannot verify the
property, so it may not ﬁnd the design faults of the protocol
effectively. M odelsim is often used to simulate the circuit
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systems, so it’s not suitable to simulate and verify the realtime system using CTCS-3 protocol. As a result, more and
more researchers consider that the formal engineering methods
based on mathematical formulations can give a good solution
to solve the problem.
Temporal logic (TL) is one of the mathematical foundation
of formal engineering methods. TL was proposed for the
purpose of speciﬁcation and veriﬁcation of concurrent systems,
and was widely applied in verifying software engineering
and digital circuits. In particular, Projection Temporal Logic
(PTL)[7], [8] is an interval-based temporal logic, which is
a useful formalism for reasoning about period of time with
hardware and software systems. It can handle both sequential
and parallel compositions, and offer useful and practical proof
techniques for verifying concurrent systems. The Modeling,
Simulation, and Veriﬁcation Language (MSVL)[9], [10] is an
executable subset of PTL and can be used to model, simulate
and verify concurrent systems. So we are able to use an
MSVL program to describe CTCS-3 protocol and specify its
properties by PPTL [9], [10], [11] formulas. In this way, we
can simulate the CTCS-3 protocol and prove whether or not the
protocol satisﬁes the property according to the model checking
approach. If it doesn’t satisfy the desired properties, it can
detect design errors which could not be found by the simulation
and testing. The main contributions of this paper are as follows:
a simpliﬁed CTCS-3 protocol described by an MSVL program
is given, and its properties are speciﬁed by PPTL formulas. The
simulation result of the model is shown in a dynamic graph,
which is used to verify whether it satisﬁes the properties or
not.
The rest of the paper is organized as follows: the syntax and
semantics of PTL and MSVL are described in the next section.
In section 3, a simpliﬁed CTCS-3 protocol described by the
MSVL program is realized and the property of the protocol
is veriﬁed. Then, the MSVL program is illustrated within the
interpreter of MSVL and the simulation and veriﬁcation results
are depicted in section 4. In addition, some related work are
compared in section 5. Finally, conclusions are given in section
6.
II.

P RELIMINARIES

A. Propositional Projection Temporal Logic
Our underlying logic is Projection Temporal Logic. In the
following, we brieﬂy introduce its syntax and semantics. The
detail can be found in [12].



1) Syntax: Let Π be a countable set of propositions, and
V be a countable set of typed static and dynamic variables.
Terms e and formulas p of the logic are deﬁned as follows:
e ::= v | e | e | beg(e) | end(e) | f (e1 , . . . , em )
p ::= π | e1 = e2 | P(e1 , . . . , em ) | ¬p | p1 ∧ p2 | ∃ v : p |
p | (p1 , . . . , pm ) prj p | (p1 , . . . , pm ) prj p

where v is a static or dynamic variable, and π is a
proposition. In f (e1 , . . . , em ) and P (e1 , . . . , em ), where f is
a function and P is a predicate. It is assumed that the types
of the terms are compatible with those of the arguments of f
and P . A formula (term) is called a state formula (term) if it
does not contain any temporal operators (i.e., ,  and prj),
otherwise it is a temporal formula (term).
2) Semantics: A state s is a pair of assignments
(Ivar , Iprop ) which, for each variable v ∈ V gives s[v] =
Ivar [v], and for each proposition π ∈ Π gives s[π] = Iprop [π].
Each Ivar [v] is a value of the appropriate type or nil (undeﬁned), whereas Iprop [π] is true or false.
An interval σ = s0 , s1 , . . . is a non-empty (possibly
inﬁnite) sequence of states. It is assumed that each static
variable is assigned the same value in all the states over σ.
The length of σ, denoted by |σ|, is deﬁned as ω if σ is inﬁnite;
otherwise it is the number of the states in σ minus one. The
concatenation of a ﬁnite interval σ =< s0 , . . . , s|σ| > with
another interval σ  =< s0 , . . . , s|σ | > (may be inﬁnite) is
denoted by σ · σ  and σ · σ  =< s0 , . . . , s|σ| , s0 , . . . , s|σ | >.
To have an uniform notation for both ﬁnite and inﬁnite
intervals, we will use extended integers as indices. That is,
we consider the set N0 of non-negative integers with added ω,
Nω = N0 ∪{ω}, and extend the standard arithmetic comparison
operators (=, < and ≤) to Nω , by setting ω = ω and n < ω,
for all n ∈ N0 . Furthermore, we deﬁne  as ≤ −{(ω, ω)}. To
simplify deﬁnitions, we will denote σ as s0 , . . . , s|σ| , where
s|σ| is undeﬁned if σ is inﬁnite. With such a notation, σ(i..j)
(for 0 ≤ i  j ≤ |σ|) denotes the sub-interval si , . . . , sj  and
σ (k) (for 0 ≤ k  |σ|) denotes sk , . . . , s|σ| .
To deﬁne the semantics of the projection operator we need
an auxiliary operator. Let σ = s0 , s1 , . . . be an interval and
r1 , . . . , rh be integers (h ≥ 1) such that 0 ≤ r1 ≤ r2 ≤
. . . ≤ rh ≤ |σ|. σ↓(r1 , . . . , rh ) = st1 , st2 . . . , stl , (t1 < t2 <
... < tl ). The projection of σ onto r1 , . . . , rh is the interval,
called projected interval, where t1 , . . . , tl are obtained from
r1 , . . . , rh by deleting all duplicates. In other words, t1 , . . . , tl
is the longest strictly increasing subsequence of r1 , . . . , rh .
For example s0 , s1 , s2 , s3 , s4 , s5  ↓ (0, 2, 2, 2, 3, 4, 4, 5) =
s0 , s2 , s3 , s4 , s5  .
An interpretation for a PTL term or formula is a tuple
I = (σ, i, k, j), where σ = s0 , s1 , . . . is an interval and
i, j, k ∈ Nω are integers such that i ≤ k  j ≤ |σ|. Intuitively,
we use (σ, i, k, j) to mean that a term or formula is interpreted
over a subinterval σ(i..j) with the current state being sk . Then,
for every term e, the evaluation of e relative to I, denoted by
I[e], is deﬁned by induction on terms in the following way:
I[v] = sk [v] =

k
Ivar
[v]

I[f (e1 , . . . , em )] =



if v is a variable

I[f ](I[e1 ], . . . , I[em ])
nil

(σ, i, k + 1, j)[e]
nil

if k < j
otherwise

(σ, i, k − 1, j)[e]
nil
I[beg(e)] = (σ, i, i, j)[e]

(σ, i, j, j)[e]
I[end(e)] =
nil

if i < k
otherwise

I[e] =



I[e]
- =

if j = ω
otherwise

The satisfaction relation for formulas, |=, is inductively
deﬁned as follows.
k
1. I |= π iff sk [π] = Iprop
[π] = true.

2. I |= P (e1 , . . . , em ) iff I[ei ] = nil and I[P ](I[e1 ],. . .,
I[em ]) = true, for all 1 ≤ i ≤ m.
3. I |= e1 = e2 iff I[e1 ] = I[e2 ].
4. I |= ¬p iff I |= p.
5. I |= p ∧ q iff I |= p and I |= q.
6. I |= p iff k < j and (σ, i, k + 1, j) |= p.
v

7. I |= ∃v : p iff (σ  , i, k, j) |= p for some σ  = σ.
8. I |= (p1 , . . . , pm ) prj p iff there are k = r0 ≤ r1 ≤ . . .
≤ rm ≤ j. such that (σ, i, r0 , r1 ) |= p1 and (σ, rl−1 , rl−1 , rl ) |=
pl for all 1 < l ≤ m and (σ  , 0, 0, |σ  |) |= p for σ  given by :
• if rm < j then σ  = σ↓(r0 , . . . , rm )·σ(rm +1..j)
• if rm = j then σ  = σ↓(r0 , . . . , rh ) for some 0 ≤ h ≤ m.
9. I |= (p1 , . . . , (pi , . . . , pl )⊕ , . . . , pm ) prj p iff one of the
following cases holds:
• 1 ≤ i ≤ l ≤ m and there exists an integer n ≥ 1 and
prj
p, or
I
|=
(p1 , . . . , (pi , . . . , pl )(n) , . . . , pm )
• 1 ≤ i ≤ l = m, j = w and there exist inﬁnitely many
≤
r1
≤
...
≤
rk
integers k
=
r0
=
ω such that
(σ, i, r0 , r1 )
|=
ω and limk→∞ rk
p1 and (σ, rx−1 , rx−1 , rx ) |= px for all 1 ≤ x ≤ i − 1 and
|=
(σ, ri+t(l−i+1)+n−1 , ri+t(l−i+1)+n−1 , ri+t(l−i+1)+n )
pi+n , for all t ≥ 0 and 0 ≤ n ≤ l − i, and σ↓(r0 , r1 , . . . , rh , ω) |=
p for some h ∈ Nω .

A formula P is satisﬁed by an interval σ, denoted by σ |=
P , if (σ, 0, 0, |σ|) |= P . A formula P is called satisﬁable if
σ |= P for some σ. A formula P is valid, denoted by |= P , if
σ |= P for all σ. A formula p is equivalent to another formula
q, denoted by p ≡ q, if |= (p ↔ q).
The abbreviations true, false, ∨, → and ↔ are deﬁned as
usual. In particular, true ≡ p ∨ ¬p and false ≡ p ∧ ¬p for any
formula p. We also use the following abbreviations:
def

def

empty = ¬  true
skip = empty
def
def
p ; q = (p, q) prj empty
♦p = true ; p
 def
def
p = empty ∨ p
p = ¬♦¬p
def
def
more = ¬empty
x := e = x = e ∧ skip
def
def
ﬁn(p) = (empty → p)
p+ = (p⊕ ) prj empty
def
∗ def

p = (p ) prj empty
halt(p) = (empty ↔ p)
def
keep(p) = (¬empty → p)
def
p||q = p ∧ (q ; true) ∨ q ∧ (p ; true)

A number of logic laws of PTL can be found in [7], [12].
B. Modeling, Simulation and Veriﬁcation Language

if I[ei ] = nil
otherwise

The Modeling, Simulation and Veriﬁcation Language with
frame technique called MSVL is an executable subset of PTL
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and used to model, simulate and verify a system. In addition,
the variables within a program can refer to their previous
values.
1) Syntax: As an executable subset of PTL, MSVL consists
of expressions and statements. Expressions can be regarded as
PTL terms, and statements as PTL formulas. The arithmetic
expression e and boolean expression b of MSVL are inductively deﬁned as follows:
e ::= n | x |  x |  x | e0 op e0 (op::=+|-|*|/|mod)
b ::= true | false | e0 = e1 | e0 < e1 | ¬ b | b1 ∧ b2

where n is an integer and x is a variable. The elementary
statements in MSVL are deﬁned as follows:

Theorem 1 tells us that for each MSVL program, there is an
equivalent program in normal form. The proof of the theorem
can be found in [7], [12].
III.

S IMULATION OF CTCS-3

PROTOCOL

Learning from the European Train Control System
(ETCS)[14], [15] protocol, CTCS protocol has been made.
According to functional requirement and device conﬁguration
[1], the CTCS protocol is divided into ﬁve levels. The CTCS-3
level is an important protocol and it is the core technique to
ensure high-speed train to run safely, reliably and efﬁciently.
This paper focuses on the CTCS-3 protocol.

1. Assignment

x = e.

2. P-I-Assignment

x ⇐ e.

A. Architecture of CTCS-3 Protocol

3. Conjunction

p ∧ q.

4. Selection

p ∨ q.

5. Next

 p.

6. Always

p.

7. Termination

empty.

8. Sequential

p ; q.

9. Local variable

∃x : p.

10. State Frame

lbf(x).

The architecture of CTCS protocol is divided into four
layers as follows: the railway transport management layer,
the network transport layer, the ground equipment layer and
vehicle equipment layer. The architecture of the four layer is
shown in ﬁgure 1. The railway transport management layer

11. Interval Frame

(p1 , . . . , pm ) prj q.

12. Projection
13. Parallel

def

p  q = p ∧ (q ; true) ∨ q ∧ (p ; true).

14. Conditional
15. While

frame(x).

def

if b then p else q = (b → p) ∧ (¬b → q).

Fig. 1: Architecture of CTCS protocol

while b do p = (b ∧ p)∗ ∧ (empty → ¬b).
def

def

16. Await
await(b) = (frame(x1 ) ∧ · · · ∧ frame(xh )) ∧
(empty ↔ b) where xi ∈ Vb = {x|x appears in b}.

where x denotes a variable, e stands for an arbitrary
arithmetic expression, b a boolean expression, and p1 , . . . , pm ,
p and q stand for programs of MSVL. The assignment x = e,
x ⇐ e, empty, lbf(x), and frame(x) can be regarded as basic
statements, and the others composite ones; frame(x) means
that variable x always keeps its old value over an interval if
no assignment to x is encountered.

controls the train by the communication network to ensure the
train to run safely; the network transport layer is to transfer
the data among the four layers; the ground equipment layer
and vehicle equipment layer contain the track circuit and a
variety of communication equipments, which are the control
center when the train is running.
B. Data Flow Diagram of CTCS-3 Protocol

2) Normal Form: Since temporal logic formulas are interpreted over intervals and temporal logic programming language is a subset of the corresponding temporal logic, programs should be executed over a sequence of states which is a
marked feature of temporal logic programming. So execution
of programs is implemented by reduction since a program can
be reduced to two parts: present and remain. That fact can be
illustrated by the normal form of programs given in [13].

Based on the architecture and working processes of CTCS3 protocol [16], there are four sub-systems as follows: the
Centralized Trafﬁc Control System (CTC) in the railway transport management layer, the Radio Block Center (RBC) in the
network transport layer, the Railway Interlocking System (RIS)
in the ground equipment layer and the Vehicle Control System
(VCS) in the vehicle equipment layer. By the collaboration
among the four sub-systems, CTCS-3 protocol can operate
safely, orderly and reliably.

Deﬁnition 1 (Normal Form of MSVL program): An
MSVL program q is in Normal Form if
k
h

def 
qei ∧ empty ∨
qcj ∧ qf j
q =

Of the four sub-systems, RBC is the data processing center
of CTCS-3 protocol, almost all the data that other three subsystems need is transferred by RBC. The Data Flow Diagram
(DFD) of CTCS-3 protocol is shown by ﬁgure 2.

i=1

j=1

where k + h ≥ 1 and the following hold:
• qf j is an internal program in which variables may refer to
the previous states but not beyond the ﬁrst state of the current
interval over which the program is executed.
• each qei and qcj is either true or a state formula of the
form p1 ∧ . . . ∧ pm (m ≥ 1) and each pl (1 ≤ l ≤ m) is
either (x = e) with e ∈ D, x ∈ V , or px or ¬px .
Theorem 1: For each MSVL program p there is a program
p in Normal Form satisfying p ≡ p
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C. A Simpliﬁed CTCS-3 Protocol
When a train begins to run using CTCS-3 protocol, it must
be registered in the nearest RBC. Then the track will be divided
into lots of intervals. At the same time, all the RBC systems
begin to work and each RBC covers several intervals. In these
intervals, all the data is transferred by the same RBC. That is
to say, the VCS sends data by one RBC in this interval and it
will be switched to another RBC in another interval.

D. Simulation Process of the Simpliﬁed CTCS-3 Protocol
Based on the simpliﬁed CTCS-3 protocol, CTCS-3 protocol can be simulated by an MSVL program. The simulation
processes are shown in Figure 4 as follows.

Fig. 2: DFD of CTCS-3 protocol

When the train is running in the intervals, Move Authority
(MA) is an important method to ensure the train to run safely.
There is no doubt that the train will be safe to move from
current interval to the interval which is marked by MA. If
it reaches the interval marked by MA, the train must stop
no matter whether it arrivals at the station or not. RBC
periodically interacts with the VCS, RIS and CTC and MA
is determined through the train’s current position, driving
direction and the states of the track.
In addition, the principle of feedback has introduced to
further modify the MA. The feedback signal is used to mark
whether the interval is occupied or not. If the interval of the
track is occupied by a train or destroyed by some other reasons,
the ﬂag of this interval signal is set to 1, otherwise it is set
to 0. Then the feedback signal will be sent to RBC and all
the trains in the track will share this signal too. According to
the feedback signal, the RBC and VCS will adjust the original
MA. In this way, CTCS-3 protocol can guarantee several trains
to run safely and orderly in the same track, even if a certain
interval of the track is occupied or destroyed.
To be described by an MSVL program, the track should
also be simpliﬁed. A mathematical form of the track is deﬁned
as shown in ﬁgure 3. It is assumed that each RBC covers

Fig. 3: Mathematical form of track
two intervals. A binary string is given to represent the interval
information of the track and 0 is used to represent the station.
As we know, there are three kinds of stations: original station,
middle station, terminal station. The string 11, 10, and 01
represent the intervals of the track. Obviously, the string 00 is
considered as the wrong interval since if the train runs in the
track with the string 00, it will encounter a series of problems
and will be forced to stop immediately.
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Fig. 4: Simulation process of CTCS-3 protocol

As shown in Figure 4, the simulation processes are as
follows: ﬁrstly, a series of data should be initialized and the
train is in the state of waiting for the command to start. When
the control command is received, it needs to determine the
type of the command. If the command is related to CTC, it
will exchange the data among the other sub-systems, including
the dispatch command and speed control command; if it is
related to RIS, it will exchange the railway data and send
some data request; if the command is related to RBC, it
will determine whether the command is related to VCS or
not. If it is not related to VCS, it also exchange the data of
trains; otherwise, it will enter the module of VCS, which has
realized the interaction of the data that the train needs when
it is running. In this part, it realizes the register and logout
operation of the train, the switching of RBC, the switching
of the train level and the obtaining of the MA. The operation
of MA includes departing process, arriving process, passing
process and the process of interval running. Obviously, the
above process is a cyclical process.
IV.

S IMULATION AND V ERIFICATION R ESULTS

An interpreter named MSV for Temporal Logic Programming Language MSVL has been developed in the operation
system of Linux. The interpreter MSV can be used for simulating a program described by MSVL, verifying the property
speciﬁed by a PPTL formula.

A. Simulation Results
As it is given in ﬁgure 4, the simpliﬁed CTCS-3 protocol
has been modeled by an MSVL program. In this model, the
track is simpliﬁed as 0110111011110 based on the mathematical form of ﬁgure 3. The track is divided into 12 intervals.
When the trains are moving in the track, the simulation graph
can show the processes of running and give some running
information of each train. There are four conditions of the
simulation results, the details of each condition are shown as
follows.

Fig. 7: Two trains run in the normal track

The ﬁrst condition is that one train runs safely in the
normal track. The feedback signal which marks whether the
interval is occupied or not is initially set to 000000000000.
This condition is simple and the train will stop normally in
the terminal station. The simulation result is shown in ﬁgure
5. Here we only give one of the simulation states.
Fig. 8: Two trains run in the abnormal track

B. Veriﬁcation Results

Fig. 5: One train runs in the normal track
The second condition is as follows: when one train is
running in the track, one interval of the track is occupied or
destroyed, so it must be stopped in this interval. The feedback
signal is initially set to 000000000100, which indicates the
tenth interval is abnormal. The simulation result can show how
the train to stop before the abnormal interval, and ﬁgure 6 gives
the last state of the train.

Besides simulating the model, we can also verify the
desired property of CTCS-3 protocol with the interpreter MSV.
Here we give the method to verify the property of the third
and fourth condition above. When two trains are running at
the same time, we expect that both of them must run safely
and orderly with no collision in any case. So we can describe
this property by a PPTL formula as shown below:
</

def ine check M A : M A
always check M A

< M A;

/>

where M A is the move authority of the train ahead and M A
is that of the train behind it.
This property can detect that the MA of the train ahead
is always greater than the train’s MA behind it. In each
state, if this property is satisﬁed, the two trains cannot collide
each other. Figure 9 is the veriﬁcation result of a simulation
state when two trains run in the normal track. Figure 10 is

Fig. 6: One train runs in the abnormal track

The third condition is that two trains are running at the
same time with one after the other. The track is normal so the
feedback signal is also initially set to 000000000000. If the
two trains keep a certain distance and the speeds of two trains
are appropriate, both of them can run safely and orderly in
the track. The following ﬁgure 7 shows how two trains move.
Here we only give one of the simulation states.
The fourth condition is based on the third condition. The
feedback signal is initially set to 000000000010 , which
indicates the eleventh interval is abnormal. In this condition,
the train ahead must stop in the eleventh interval because this
interval is destroyed; then the train behind this train should
stop immediately. Otherwise, it will collide the train ahead
and cause serious consequences. So ﬁgure 8 is the last state
of this condition.
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Fig. 9: Veriﬁcation result of two trains running in the normal
track
the veriﬁcation result of the last simulation state when two
trains run in the abnormal track. It will verify every state to
detect whether the protocol satisﬁes this property or not. The
veriﬁcation results of other states are omitted here. According
to the veriﬁcation results, we can easily verify whether or not
the CTCS-3 protocol satisﬁes this property.
V.

R ELATED W ORK

Many researchers and organizations have explored how to
simulate and verify the protocol of TCS (Train Control System)

[2]

[3]
[4]

Fig. 10: Veriﬁcation result of two trains running in the abnormal track

[5]
[6]

efﬁciently and some methods have been proposed to solve
the problem. Since 1990’s, OOM (Object-Oriented Method)
is widely used to simulate the protocol of TCS [17]. The
researchers in the National University of Singapore realized the
simulation of the protocol using OOM. In 2004, the University
of Florence in Italy developed a testing system of ATP/ATC
based on the simulation technology [18]. Some Chinese researchers use the Petri Net theory to model the protocol of
TCS [19], [20], [21], [22], which provides a framework for
simulation and modeling of the protocol. However, it still does
not have a comprehensive veriﬁcation means and its simulation
theory and method also need to be improved further.
As an executable subset of PTL, MSVL is a useful formalism to describe system behaviors [23]. MSVL program is
of distinct advantages because it is a temporal logic programming language with three modes: modeling, simulation and
veriﬁcation. With such a framework, the system descriptions,
including the models for systems and environments, and the
properties to be veriﬁed are all in the same language, which
makes the simulation and veriﬁcation easier. Based on the
simulation method with MSVL, we can easily detect the design
faults of the protocol of TCS.
VI.

[8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]

C ONCLUSION

In this paper, we brieﬂy present a simpliﬁed CTCS-3
protocol. Then the protocol is described by an MSVL program,
and the property is speciﬁed by a PPTL formula. As we can
see, simulation of CTCS-3 protocol with MSVL interpreter
can well simulate the process of train’s running, and give a
series of important parameters when the train is running. The
property described by a PPTL formula has been veriﬁed, and
the simpliﬁed CTCS-3 protocol is correct. That is to say, if a
train runs as the situations described by the MSVL program,
it will be safe and there will be no disasters.
However, because the CTCS-3 protocol is real-time control
system, we need to do some further studies for the simpliﬁed
CTCS-3 protocol and add the real-time control command. This
is a challenge to us in the near future. To do so, we also need to
develop a new interpreter of MSVL to manage the simulation
and veriﬁcation of real-time CTCS-3 protocol.
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