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Abstract Embedded control software is the kernel component of today’s control systems. For

the safety-critical control systems, such as the railway system, aerospace control system and
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nuclear power control system, the function and safety of the control software embedded in them
are directly related to the safety of people’s lives and property. After long-term research and
practice, both academia and industry realized that system requirements are the starting point of
the software engineering life cycle and the fundamental way to ensure software quality. Therefore,
how to ensure the correctness of software development process from the source has been an important
research topic in the field of software engineering. However, in the software development of
industry, the correctness of system requirements can only be guaranteed by manual review.
Manual review of system requirements described in natural language is not only inefficient, but
also unable to ensure the correctness of requirements. There is still a lack of a formal modeling
analysis method to validate requirements. Requirements validation is an important engineering
activity to ensure the quality of the formalized specifications constructed. As an important method
of requirements validation, dimensional analysis can check out potential defects caused by wrong
definition of dimension and reduce errors caused by improper use of dimensions. At present, the
dimensional analysis in computer systems is mostly based on the code level and not applied in the
requirements field, while some hidden errors in safety-critical embedded control systems are mostly
caused by the wrong use of dimensions in requirements, which leads to software development
errors from the source. Therefore, we propose a requirements modeling and dimension analysis
method by according to the characteristics of the railway, which is based on formal engineering
method. First, the requirements engineer converts the original requirements specifications into
the requirements specifications described using the domain-specific requirements description
language, then automatically extracts the requirements model using the tool. Finally, carries out
the subsequent dimensional analysis on the basis of the requirements model. This work combines
with the basic principle of software requirements engineering, starting from the original requirements
gradually build complete specifications. In this paper, one of the methods of requirements specifi-
cations validation is given to confirm the accuracy of software requirements specifications and to
fully describe the expected functions of software, so as to guarantee the requirements analysis in
the field. The main contributions of this paper are listing as follows: (1) Propose a formal engineering
method for requirement modeling of embedded control software. (2) Propose a special requirement
description language, ATPRDL(Automatic Train Protection Requirement Description LLanguage)
for the field of train control, and models the corresponding requirements specifications. (3) According
to the characteristics of embedded control software, we proposed a domain-specific dimensional
analysis method of requirements oriented layer, and construct a domain-specific dimension system.
(4) We developed a tool to support the practical application of the method, enabling engineers to
conduct dimensional analysis quickly. By applying the method proposed in this paper, we experiment
on the requirements of the real railway control software. The experimental results show that this
method has a good usability. In the actual train control software development project, the defect

detection ability and time efficiency are shown to be better than the traditional manual review methods.

Keywords software engineering; embedded software; formal method; requirements modeling;

dimensional analysis; requirements validation
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5. RN TEREAT 55 # S T AT R E 1N A
15 AR SE PR iz 47 h i 2 2 5 R0 B AR AT 55 5
E I

(5) L€ {Begin, Execution, End } it 5% & GL 1F 5
A JE W P b A 25 B8 Begin AR 3 — AN JE W1 (% JF
Iy . Execution 3R7sHE#8 0AT A WIE 55 End 3R —
AR S5 . TR A S — A BEAR I [ B AR AR Y
H T A 1 A o AR S o o] S ot P A T 45 2 13 RAT 55

(6) 1€ (0,1} FR 72 5 40 T 5 — A Jo 1.
0 FRAEIRIG— D1 Fos e s — A4 .

SRJE S FRATE SCZ R GERY T SO, 5= RS
#EA (Enter) , Hif LIS (D B -

L
(ATPRDL, s, k, Start, Begin, t) —
(ATPRDL,s .k, pc’, Execution, t)

TR B — AN JE T i AT I R GE RS
MR s HAR R AS T R R G R WA
Enter A 8% BT LY HT R b QRS | T
RGEIF IR AT AR TP T B B2 Ry pc” s I IF B i R
FEFFHRAT AL B RS L BEAE 5 N Begin” e 28y
“Execution” ,t {RFFAAR.

RGAT (Execution) TR R 48 AT i 72, I
A (2) IR

pre_condition="True, pc ZExit
(ATPRDL, s, k, pcs Execution,t) —
(ATPRDL,s ,k, pc’, Executionst)
PP pe 118 LN = () B

pc=Start at the beginning of a computation task

@)

(2)

pc’ =Exit at the end of a computation task
(3)

TEAEA JA W, R G DR AR IR AT T AT 5
o AR R ETR SRS B L. RERRE R T
eds pe TEARAT VTR 55 W 1) 2 & A= 28 Ak T A 9
kot AL G S ORFE AL 5 20 B — s 1E
AL S IRy pe WIME N Stare s AETHE AL 55 45K
B} pe BUEAR  Exit.

R G5 M — WU ST 55 0F T 6 o5 — W0 H AR 55
3 #E Akl Continue, Hif SCIN K (4) FiR

pre_condition="True, [ ZEnd

(ATPRDL,s.k,Exit, Execution,t) —
(ATPRDL,s .k, Start, Execution,t)

4

2§ 25 Rl ELRR T OR S5 R L AR SR Ak 2L R
17 AT 55 2 (6] 1) e A 25 T ok R G A RS AR
TR pe H. RERBN s R ", pe A I —
ATSEAT 55 19 Exie ARSFE 72 R H AT 55 19 Start 1R
&l T RGEANTEPAT H I & IRAFAAZ BT L HE
TR AR A
158 I — D R RAT 5 T 2R g i AR e A Ak T
BRJF— AL BD e A1 L I How R S AR AR
Fefg e AE — A L X A i BEFR O Repeat, Hoik
S (5) IR
post_condition=True, t %1
(ATPRDL, s, k, Exit, End, 0)—
(ATPRDL,s ,k+1, Start, Begin, t)
TEAT I HRAE S - RG] LLE AR — A JR 4.
) R GRS ARy " J I3 1 B0 7 S i (i 7 ik
filt B30 1, R GEIR W SR AT AR 55 IR AR Y A
W T 06 BT T AT 55 Start Fom A THEAT 55 10
JHR . Begin o —A IR IF U6 . G, pe AL 1)
{853 B AL &y Start K1 Begin.
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LS 3 4 SRR 0 R T
FRUIAE T 58 56 86 S R BEH B BESe 10 20 53 i A
U L 52 7 [ 3 S 4L 390 A 847 . B 0
A 9 P K 2 0 0t
W AERCREONEIL T A AR 7 A 0 R S
SRS 7 L BB A S 5 R TR0 2 6
SES S T e SYNOVE LR TS
I 1 20480 AT S BOAE o AT 2R 4611 560
I 9 B B 7 T A

ST 4 7 5 R 0 R 50T A X LA 5
SR, 101181 2 FF 2 . 220 R R 4 40 o P S 55
I 75 3R B A Tl SR A R 7 2
T LB 0 3 e S 7 Bt 4943 47 06 172
X 2 B 5 A 320 00 75 AR O DL 7 6t 940 BT
(0. 5 PRI 4 0 581 TR0 R TR
WA T BLSR FE ATPRDL A48 oK S B 52 % JE 58 £t B
ML ATPRDL 55/ 0y e 7 5K 3 17 5 40 3
HELUI AR R4 T DT S5 S AT e R 237
R B 4087 6 SR 307 SR B 02
Fioft R TS K 47 VR WK AR X T
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2 JEoR T ARG K R T e 7 ok 1B AL
R, E Y “else: return None” Bt % B T Coreld
WA WU 55 0 F OtherCoreld (1 1% 51, 15 2 504
F M A X None 78 5 #E 47 5 44 19 . 16 i
PWorHr R XHAR f FEAT RN A L5 TR W R
1) SRR Y.

BT CorelD kB | KRMAK | Enum
TE OtherCoreld | it 4 k%5 To i W R Enum
o | ENDI W | ARAER | i
END_2 R T WFRE int
Ty Re ok
[ System-Requirement-0001]
W 3k 5o — M E TR, 5L 5 N B R IUE.

PreConditon: Coreld is not None
def OtherCoreld:
if (Coreld is END_1):
return END_2
elif (Coreld is END_2) .
return END_1
else:
return None
PostConditon: Coreld ! = OtherCoreld

K2 FkMeyy

THFRATUL—D/R R U B R1E T WK
O KA T RSO i 72 8 3 2RI E 5 A
FRA RIWI b6 1 B AR TE 5w Ko L 55 1 47 i s &
BRI RE TR E. 21T 2B 8 IT NABRES
it SRR 2T KR 6 B AE AT R AR W FIRAS
“SLIDING” i f2& 5 3l IR 25 “COASTING” 47 W i
FALHL ] B AR 1E 5 X7 SRR AT 3R T 148030 R
LHEH.

[iTC_CC_ATP-SwRS-0100]

ATP software shall use the over-estimation model for trainmovement.
The maximum and minimum train motion shall overestimate
based on different state as follows:

COASTING. There is not sliding effect during on train coasting or
motoring, so ATP need not to overestimate train motion.
SLIDING. If train slides or slips excessively, ATP shall consider
odometer motion umrustworthy.

3 AARIGE W R B

SBURARI KN Gy B WER/S TR B S W b s
B BRI I W T ) B L AT LU B R Y R T
AT K. AT RS ARG SRR EA
{1 AT 14 2 A A5 A L i 1) SRS A F) B A SR
1 FP D= 9 o HL 2% 5% A o B i AR A Rl 4258 [ A
P 4 2 P 3 e A ok 4 2 B 2 AL i SRR 4], 2 1
i sRbR%E 50 2 17 248 5 17 W F I e
SRAWIA.

[iTC_CC_ATP-SwRS-0100]

The state transfers from “COASTING” to “SLIDING” when:
VariableA is in COASTING state and

VariableB is set to be flase and

VariableC is less than VariableD

4 TR R B

AT R e 5 Frs . xEmE 4 gE—
AR,

[iTC_CC_ATP-SwRS-0100]
/ %
COASTING. There is not sliding effect during on train coasting or
motoring, so ATP need not to overestimate train motion.
SLIDING. If train slides or slips excessively, ATP shall consider
odometer motion untrustworthy.
%/
if(VariableA= =COASTING

and VariableB(%k) = =TFalse

and VariableC(k)<VariableD(k)) :

VariableA (%) =SLIDING

B 5 JE Ak R R

B 5 s i 9 45 i 3R g8 2k 75 RO 2
ARy i SRR A TR TR RN R K.

B — AT L W R AR A L 48 X AT R A BLFE %)
Ty &R G T K b g5, B C[iTC _CC_ATP-
SwRS-0100 1", TG 3R bR 2 A 0l L E &, — AT K b
B %of o — A A i R o 3K R AR LA — A R T R
R 488 AL )

B AR AT T R TR L X — B o R X R Ak
(103 A5 e A P i R L R DR 1 B AR TE T TR R
i T O BE 6% FE A 152 T3 1 D) AR 7 R T R
3 6 T TR (1 ) R S R AT AL L

o =4 W2 F] ATPRDL 5 & € 19 77 3K
F{RER4r. ATPRDL #7331 Python ik, A &
B LAY [

6.2 FREBRWHE

FEf# Fl ATPRDL i 5 485 56 B 204k 77 5K SCRY
Jai > ATE A = 05 FF R IE 240 A 2% Antlr 2 32 B
B8 ST AL 75 SR 5 T AR 45 38 15 R ) 325 00 0]
FI Az BB 1 A0 o AT 2. B ATTHE T AR 9 SR
TR AR 43 1 R A Antle A= 5009 18 B R 3 1
Sy M A% 245 IR ATPRDL Hhs SCE 5 5 J2 2 F 45 1
T SCHEAR B, IR 3 S Ay il G 0 1A
i A BB AL T K 4 38 38 2> A 7F & ATPRDL (1
TRV o Ak R 1 a0 A 4% s 0 R A A 0 Tk
R R RH L 285 AIC SRR R A R AR L JE A i U 3 T Y
T3 A TR A R A L R R B2 S
LA G B B L T R AR )5
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BRG] 58 B SRR Y A A A B R 4R 2 AT R
AR TR A K A 0 45 2 380 ) A a5 2 Dy AN ) 2%
ol 18 5 SRR TR L 214 [ 380y G 1 2 A AR Y L DR AR
MR LW 2 — W R 5, 56 A ATPRDL
TR (4 3 5.

e SR A R AR AN B 6 T . A SR AR
ATPRDL 5 3R A5 Ry 194535 0 41l - B4l 5 it (Data-
Dictionary) , H1 80 A 25 B AR T BB 77 SR 4L i) ATP
(Automatic Train Protection) % %4 B 3 B $7 5 =K
SR,

AntlrghERZEAY

SO BIRAES

ERESIEE
B (AST)

] \i
Visitori5ia] SRR

AST

SERAEEL D

6k A A
ATPRDL 75 3R 5 B J& — A~ 1 [0] 51 % 7 3h B 47
B T R AL, i 7 B s, o, e 7 R B g A
Ty 3 AR T R SRy 2 ik AL A 58 Y A A
iR OB B e R AR ARG T AR R AR i )

( - |
TEE FEYZ B0 B

| =T Coreld Enum None L

ATP(Automatic Train Protection) |

| BltE B ;

e, HieE |

ATPWH‘>

7 ATPRDL & #1

& KRR RN E. ATP 52 g 3B i &
T I RE T SR IE Ay AL B . DI RE R R
S BE AT (T B AZ L 5 R BT 1 R A T i Al
B % A s 2 3 R G AL 3 15 8D - HF 9% I — 2 1
BRI — R H 0w K 2% H 7R &
(1 45 2 A% 1 265 i Hh Ak FEES O3 i AR PR — AR S
HL AR5 A 25 SR 5 2 T 09 Ak £ R 28 ok ) b
i A PR R A IR A B n s AT HE TR R
B AT IG B2 1 1 2 53 HT

7 ETEHERRENENST

LT SRS Y B S 2 3 A K AR A G R BT B L TR
X ATPRDL %7 52 it FL A 1% R B0 I IF 86 4
it SR SCRY HEAT 1 20 03 BT e 445 3] ik 40 0 T 1 6 R
G . o3 AT SRS N 1 R,
=5 W ¢ T
A : FR: FunctionRequirmentSet
HiH . ERR:ErrorList
INITIAL: ERR<
FUNCTION DimensionAnalysis(FR)
FOR ALL fr&€ FR DO
CHECK(fr,ERR)
END FOR
RETURN ERR
END FUNCTION
FUNCTION CHECK(fr)

IF FR.operater=="*-+"or FR.operater=="*—"or
FR.operater=="‘="or FR.operater=="‘>>"or
FR.operater== ‘<" or FR.operater==">="or
FR.operater==*‘<="or FR.operater=="‘=="or
FR.operater=="1=",

IF (FR.leftOperand is dimensionless and
FR.rightOperand is cycle) or
(FR.leftOperand is cycle and
FR.rightOperand is dimensionless)

CONTINUE

ELSE IF
DimensionAnalysis(FR.le ftOperand) |
DimensionAnalysis(FR.rightOperand)
ERR.add(FR)
BREAK

END IF

Dimention<-FR.le ftOperand

ELSE IF FR.operater =="*X"or FR.operater =="°/",
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Dimention <= DimensionAnalysis ( FR . le ft-
Operand) calculate DimensionAnalysis(FR.
rightOperand)
ELSE IF FR.operater== ‘return’ :
IF DimensionAnalysis(FR.leftOperand) | =
DimensionAnalysis( FR. Func Name)
ERR.add(FR)
BREAK
END IF
Dimention=FR./le ftOperand
ELSE IF FR.operater is exponentialFunc or
FR.operater is logarithmicFunc or
FR.operater is circularFunc
IF DimensionAnalysis ( FR. le ftOperand) is
not dimensionless
ERR.add(FR)
BREAK
END IF
Dimension=dimensionless
END IF
RETURN Dimention
END FUNCTION

F¢ 8 44 70 B U X B — A SR AT AT A3 1Y 4
o i E AL fEHL 1 89 CHECK R

EP,ED%%%WE’J&D%%,%%ﬁ?ﬁﬁé%%ﬂiﬂ’ﬂ%ﬂ
BAN L, B AR A

(1) 7% =7 ia B P 30 78 2 1Y o 40 0 201 A
EARRIATIHE

(2) X7 %73 54T Wl A2 Y AN AT
B 7 MR 0 A R A

(3) HE A H AL “eyele” Y28 1 AE HEAT + 7
S VR PR IR SN R R (1) B S A L eyele” i
LU TG A A AT

A 45 50 e B30 8 i ek B R0 = ffy ok R0Y TR AR
WOIHR TG B R REEAT T

(5) “return” i m) 5 e o WK AELTH A EA T35 5

(6) =7 47 6?4 K G n
=" B R D iE E AR, T E AT S %ﬁ""fﬂﬁ ’J
T N AL AT R AT

(7) 2 To ik #4711 5 s0R 2 25 - A — o,
LKA IR D SR A IR B

MR B SR 1 20 AR G« 4 IR 40 70 A J 0 X
FRAY T oK 2% H JEAT ARG A, AR BT 2 ) W 47 SR SRy
HR 4 TR LT ) A1 2R 3R 08 3 ) R 22 305X s R )
EPEI’J*fDT;T'%VE??EI’JETSTM’E%ﬁ%HE?%f’FﬁZI‘Eﬂ f14 5 2

7] DU AR E A g AL AT T /i
71:1’%:1"&’%’?51%{% P e 49 1) IE B R L R RT R B I AT T )

F4 £ 20 1) L i 1

TE 5 R A5 54 BRA 7 S b A R i
AT A 7 ARBL A T BOR Bk 1 & 4050 #r» 1 ifi A
— TR 5 I Y AT AT A AL 8 .

B LR A
MaxSpeed mm/s
LimitSpeed pm/s

MaxWheelMotion mm
WithoutMotionAvailable mm
ATP_CYCLE_TIME_MS ms

[System-Requirement-0002]
def Max%peed

L 1m1t§peedf (MaxWheelMotion+ WithoutMotionAvailable) /
ATP_CYCLE_TIME_MS

P8 i 4oy s 4ol

TEfE ] ATPRDL 15 54 H K16 5 75 K Uk 5%
R TE AT SR SCRY 5, AT 81 28 = iy — 25 5
KEH AN 8 R, 4% BRAS 55 48 1 S N4 A 7
X AE 1 7] ¢ LimitSpeed= (MaxWheelMotion+
WithoutMotionAvailable) /ATP _CYCLE_TIME_MS”

130 #r  Foop A AR 40 R s -

(1) AR B A0 A TN (1) %t 4 B4 19 301 1)
A AT AT MaxWheelMotion [ 8.4/ 5 mm,
WithoutMotionAvailable [ 280 25 mm , ¥ AE £ P i1

A5 ) i AR A L BT LR HEAT g AR i s 1)
1, (MaxWheelMotion + WithoutMotionAvailable)
(4 49 0 mm;

(2) AR 0 43 A B0 (20 %™ /7 B A A W 30 1
A R AT 5T (MaXWheelMotlonJrWlthout—
MotionAvailable) ) & 44 7£ 25 (1) 2 i1 5 & mm,
ATP_CYCLE_TIME_MS [#J & 44}y ms, &3t /"
BAERE S5, 77 AR BT Ry AR B AN, B SRR 1 AT AL
(MaxWheelMotion+ WithoutMotionAvailable) /ATP _
CYCLE_TIME_MS )& 9 & mm/ms;

(3) X =" $E AR5 P 0 (9 78 & HE AT 1 40 3 B ]
A1, LimitSpeed [ # 20 K pm/s, (MaxWheelMotion+
WithoutMotionAvailable) /ATP _ CYCLE _ TIME _MS
492 mm/ms. pm/s 5 mm/ms AN B,
AATFEAT G A R AR R I P R R AR H
TN

8 LWEHW
T R AE TR IF R T — M

R E K KAy F— 4K %) T2 Prema(Precise
Requirement Editing, Modeling and Analysis) , 7£ T.
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SAHRAFR KIS HE AL R L
AN AR TR 19 IF %~ 50 Hh i R AL 50
PEIIAE. Prema {9 RS U0 1E 9 Frs. Pl LLAE A i
K AR S8 UA R LAREAT g 5 OF R 25 2R 4T A

g

X IO 8 53 BT 45 A & 35 J5 T 13025 ol AR 1 AR P X6 5 5K
HEAT DA R IE.

TS SO 28 ) S i TR SR AR ) 5t 2K 437 5 T
DL AR AN B e TR E 7R e, anlE 10
iR, S il Prema T H ) “Demensional Analysis” )
RE » V45 B A0 B5CHR 7 B s B3] o 5 PR SR SORY #E AT i
oA, A I A5 R OR B E A 11 R,

= m] X

Fle Edt Tool Help

i Open [ sove | gy Analysis | W Verication [ Type Check @ Demensionsl Anysis | 3¢} Simulsion | G Testease Generation [N

At cycle k, **State** shall changes
from *N_I* to "S_F* if :

- **Signal** information is failure at
cycle k-1

- **Signal®* and **F** information are
not failure at cycle k

if ((State(k-1) is @)
and (not Signal(k) and not

# Signal information is fallure at cycle k-1
« Signal and F information are not failure at
cycle k

1. if ((State(k-1) is @)
and (not Signal(k) and not F(
k)
and (Signal(k-1))):
State = S F

editor
oz | eotor | Reons -
L e ]
ity [l 9 € B & I 66 Hl H? H3 H4 HS H6 = E = B e aX |
2l : L d mryro R 3 @R :
[B Properties e .
= : Rt editing area (0001] display area :
) ) | If **State*® is *N_I* at cycle k, and If State is NV /at cycle k, and if Signal Is Trueat |
naVlgathrl | if **signal** is *True® at cycle k, cycle k, then A and B should be set to zero. |
| then **A** and **B** should be set to |
pane *zero®. 1. if (State(k) == 8):
: if (Signal(k) = 1): :
1f (State(k) == 8): A=-8
| «if (signal(k) == 1): B=8 |
: A=8 else: l
g=0 A= -VF
| «else B=VF |
| “A = -VF |
| : Vg SME [0002] |
| [eeez] At cycle k, State shall changes from A /to S Fif : |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
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[iTC_CC_ATP-SwRS-8312]
Location:
MPnotAuthLimitSpeed = (OdoMaxWheelMotion + NUDEdistanceWithoutMotionAvailable) / ATP_CYCLE_TIME

Difference:

MPnotAuthLimitSpeed
Pfir: um*s~-1

(OdoM: eelMotion + NUDEdistanceWithoutMotionAvailable) / ATP_CYCLE TIME
gfif: mm*s*-1

B 11 B s RoR S

FE S B ) S5 v, FRATTEE X A8 R A A
SR F E L ATP B 1 5 b oK SR AT
TS BT AN SO AR A A, — BB R R
455 FRINBET R MY F R SCRS oy — R
2776 Z% T SR AZ 5 H JC A B 7 M. 7 S R 1 i R
RIT 127 Z0B 1650 i A U 75 SR BB A v
&7 300 £ INRETROR A 28 Sk H b R SR, A R
TOREEARIH ) 300 ST fRewT K ik AT T =W dr. &
BT 27 R MR, S5 et A AR 3 R A A
TAEAT X FRATT & BB 43 1 B R 2 B Ol R G T
JE SCHY— S8 8 B IR 45 8 S0 T S B0 38 5 2
B A 7 BT 23 M AR I — A% S8 PR A AE Y B
R

I 3 o) i A0 o BT R A5 R AT H 2R A Tk
IR D o At 15 24 R 2 i R 2 A R R B oK
Hh i R R A E B R AR TR

(1) 7 2R SCRY v oS o /9 78 & B, R 58T 4K
I

(2) 715 5 22 [) B A B e ) A 1R

(3) F2H 8 JT 2ok A8 v B &R 5 1 4R

(4) FEA BT cyele fEE DR 8.

BEOXF LA b D gl 15 28 Y, AT 38 3k 2% 4] 43 BT L
SR At 5 S A9 43 S ke L AT A R U A

FETRZET () 24451 .

[iTC_CC_ATP-SwRS-0001]
def BMbeaconReadAge(k) :
if (Initialization
else:
return BMbeaconReadAge(k—1)+1

L HEAT A9 4 BT FRATT R BUAE T SR SCRS R
TN 8 728 T A ST B o B A R L A AR
. F R SR TR . [ITC_CC_ATP-SwRS-0001 ]
HHAp KRB EERBENNTFREE ER
Jn— > i) 48 it BMbeaconReadAge i}, ¥ A B8
BOHE - g, BPVEAT AR R G I Y R 4 LR, ik
FEEE RIS DK B .

BRI (2) 2641 .

[iTC_CC_ATP-SwRS-0002]
def MSpeed:
Lspeed= (MaxWheelMotion-+ MotionAvailable) /
ATP_CYCLE_TIME_MS

TR S 5 SR 03 ] mm AR O K B
A T AN R A8 1 5 e 1 R B B, DATTT 2%
2% BT 2 ) A B A8, S B IR A R TA) B B 4 )
B 40 ER TR SR 4 H [ITC_CC_ATP-SwRS-0002]
Fr~ s 28 5 MaxWheelMotion [ B AV & mm, A% &
MotionAvailable [#J ¥4 J& pm, 7€ # 17 MaxWheel-
Motion+ MotionAvailable 315 i B 158, i T 3% A
1 B Z ) B e 4, S BURT IR 2R AL (2) 1y 3.

BRI (3) 26401«

[iTC_CC_ATP-SwRS-0003]

MinCogCalibrationMeasured= CaliMinRatio * ATPsetting. Meter-
CaliMaxMinCalibration[ 1] [ | CalibrationMeasurementStartPosition-
Min(k) — CogPositionAfterTopLoc (k) | — ATPsetting . OdoCaliCog-
CounterMin |

MaxCogCalibrationMeasured= CaliMaxRatio * ATPsetting. Meter-
CaliMaxMinCalibration[ 0 ] [ | CalibrationMeasurementStartPosition-
Max(k) — CogPositionBefore TopLoc(k) | — ATPsetting. OdoCali-
CogCounterMin ]

W ERF R & HLITC_CC_ATP-SWRS-0003 ]
T 7R s WG SR s B Dby — > M RL 8 AR B2 ) o e
HE IR B ZH R TR 43 0 R G T A ) R e e a)
PIFE 5 . B0 40 MeterCaliMaxMinCalibration[ 0+++ 1]
[0-+CALI_TA-BLE_LENGTH ]#y & 49 & mikron,
M7 e B A4 9 H v — 4> & 5| | CalibrationMeasurement-
StartPositionMin( k) — CogPositionAfter TopLoc (k) | —
ATPsetting .OdoCaliCogCounterMin X, 38 1 & X 2 &
B0, B A0 15 K0 B 44t oA mikron, T 7E K
LAY R L T R O3 B (B AL 202 TG i 49 R
A AR AN RS R A, L I AL S U
BRIEAL (3 By H .

BRI (D) 2541 .

[iTC_CC_ATP-SwRS-0004 ]
def BMbeaconVariantValue(lineSection, VarIndex, %) :
if ( BmbeaconReadAge (k) > ATPsetting. VariantsBM{full-
ValidityTime) :
return False
else:

AT cycle FoR AT I JA 1 B (H2 AE D
(13 N A = R (R TR A U A R T
Mo 25 A AR G AT — A TR B AE S i i ) 2 5 3
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L 1EF R 4 HLITC_CC_ATP-SwRS-0004 ], 75 £
BMbeaconRead Age F K2 7R 32 Bt BM {5 45 21| 4 7 (1)
IF R, B A 2 ms, 1 2% & VariantsBMfull Validity-
Time fYHA7H cycle, 7E IR FEH cycle B 244
P[] BELAE R ol P o AT 3 B4 IR SR () Y R A

Ph b g FRATT 0 A R A S S A A D R R
AU XE e 22 56 A0 XA = T SR R I ok
X B R A B R B ME R B X TR 38 e 4 R Y &
FR UL AT AT DL B4 KR o i R A S (H T 2
55 AR B R AN T 2 1 N D) B2 R AN g 1
PREEFR BT A 1 i R

i#

9 %

Bt X A S U T A SR Y 2 e AR SO
TP T — e T 3000 TR 5 ik 0 7 SR g 4 5 o 20
CIRCI I U R SR N R el /AT RE R (HIDPUR e
FEAT BTl AR A 1R T 7 5K AP 9 0 40 B R AT i
JRCE R A5 % T LA A S — i BE A A A AR SR
A IE AP 23 BT D7 TR 6 T ROk A A
B R, R Ao A B AR 3 2 U R
TET » {7 ] 25 R 1 5 A 458 5 4 SR 7 592 B 19 Tl 1V T v
AR AMERS ZI HE )

FATH ARy 1 ke Tl S o LSS AE 1Y
I L i ek as FE s Uf TR 5 i 6 A AR T8 & f iR 1Y
it R A I AL L 24 1 5 5K AT Al DR A AR
B e R R T HEAT B 49 70 BT 0 0 AL S 5 R SR T
D75 RA R AT I - A 49 B 20 B AT LA s SR ST
R A B AR 7 A S v R B E S IR T S B ) UE
S T AT H R T SR ORI AR . HL
B 3t 484 7 5 SR AR U X 75 oK SRS I AF L
UER] T8 29 3 M7 8 5 R 5 [ BOR: — A AN [R] £ 2
o P o SR LE W P A o A A Y O 0 (HUR %R Y R
GERE OFANREIE T P A 5 SR SCR L e g il
1o PE B S 9 7 2R I SR A Ui e S A B (87 A
ARG AT AT U R T A O iR R 5.

AP 3T T A 2 R X i SR SCRY AT 40 1) 20 #
AR FRATTHRE B 7 3K B TE B PR AT TR UK B E
HE— 20 [ S8 75 SR A R S I BT X 2 4 @ 7 U 1 R oK
PR, T I S AT L Bl A 0 A R TR AG £ 45 T Bk
Ji& 8 SR SCRY ) TE A PR R A . EAOR B FR AT
SRR R WA AE Tolk 5 b SE PRl ] 2 R0 A4k 05
5 BRF AR 7 35 T RE A L B P 4 52 L R BE D
TER RS 1 B2 v b T N 3R P 3 i v 8 A
W& I o T M e v IR R R X I A TR DA PR I 3R
T O AR R A 0 5 SR R AT 0 AT 45 B

B OB R FMAC §F A AMHRE, A A i &
0 TAES FALAT X B 8 LA A BN F AL )
Bt EALF ) 46y RN A A A L e R
BEIRSRET SR H )

2 % x W

[1] Mathur S, Malik S. Advancements in the V-model. Interna-
tional Journal of Computer Applications, 2010, 1(12): 30-35
[2] Shen W, Davis T, Lin DK J, et al. Dimensional analysis and
its applications in statistics. Journal of Quality Technology,
2014, 46(3): 185-198
[3] Ahmad E, Dong Y W, Larson B, et al. Behavior modeling
and verification of movement authority scenario of Chinese
train control system using AADL. Science China Information
Sciences, 2015, 58(11): 1-20
[4] Miao W, Pu G, Yao Y, et al. Automated requirements
validation for ATP software via specification review and testing
//Proceedings of the International Conference on Formal
Methods. Tokyo, Japan, 2016 26-40
Issad M, Rauzy A, Kloul L. A contribution to safety analysis
of railway CBTC systems using Scola//Proceedings of the
European Safety and Reliability Conference. Zurich, Switzerland,
2015 459-467
[6] Colaco J L, Pagano B, Pouzet M. SCADE 6. A formal
language for embedded critical software development//
Proceedings of the International Symposium on Theoretical
Aspects of Software Engineering. Nice, France, 2017 1-11
[7] LiuS. Formal engineering for industrial software development—
An introduction to the SOFL specification language and
method//Proceedings of the International Conference on
Formal Engineering Methods. Seattle, USA, 2004 7-8
Smith G. The Object-Z Specification Language.
Kluwer Academic Publisher, 2000

Behm P. Benoit P, Faivre A, et al.

[8]

Kluwer:

[9] Meteor: A successful
application of B in a large project//Proceedings of the Wold
Congress on Formal Methods in the Development of Computing
Systems. Lecture Notes in Computer Science. Toulouse , France,
1999. 369-387

[10] Abrial ] R. Modeling in Event-B: System and Software

Engineering. UK. Cambridge University Press, 2013

[11]

Karr M, Loveman D B, et al. Incorporation of units into

programming languages. Communications of the ACM,
1978, 21(5): 385-391

Rowlett R. How many? A dictionary of units of measurement.
US: University of North Carolina, 2005

Rogers P. Dimensional analysis in Ada. ACM SIGAda Ada
Letters, 1988, 8(5): 92-100

Rosu G, Feng C. Certifying measurement unit safety policy//

[12]

[13]

[14]
Proceedings of the IEEE International Conference on Automated
Software Engineering. Montreal, Canada, 2003: 304-309

Allen E, Chase D, Luchangco V, et al.
units of measurement//Proceedings of the ACM SIGPLAN

[15]

Object-oriented

International Conference on Object-Oriented Programming,

Systems, lLanguages, and Applications. 2004, 384



11 #

AR T 1) S o SRR R B B 4 o A U vk 2165

[16] Higashimori M, Harada M, Yuya M, et al. Dimensional
analysis based design on tracing type legged robots//Proceedings
of the IEEE International Conference on Robotics and
Automation. Barcelona, Spain, 2005 3744-3749

[17] Jiang L, Su Z. Osprey: A practical type system for validating
dimensional unit correctness of C programs//Proceedings of the
IEEE Computer Society. Shanghai, China, 2006: 262-271

[18] 1SO. International Standard ISO 31/0: General Principles
Concerning Quantities, Units and Symbols, Second Edition.
Switzerland: ISO, 1981

[19] Luo Jing-Li, Du Jian-Ge. A dimensional detection method
based on template metaprogramming. Modern Electronic
Technology, 2009, 32(4): 80-85(in Chinese)

(B gim, AR, — i TR 0 S B 09 B A0k I 5 ik

WANG Shang, M. S. candidate.
Her research interests include formal

engineering and requirements engineering.

FENG Jin-Cao, Ph. D. candidate. His research interests
include formal engineering and requirements engineering.

ZHU Jia-Yi. Ph. D. candidate. His research interest is
the verification of deep neural networks.

HUANG Yi-Hao, Ph. D. candidate. His research interests

Background

As the embedded control software is usually deployed in
the security system, its correctness and security have been
paid much attention by academia and industry for a long
time. In order to ensure the quality of embedded control
software, we focus on how to provide a set of efficient formal
engineering methods to help industrial software developers to
establish accurate requirements specifications, and models
and confirm them. However, in the current field of embedded
control software development, the application of formal
methods still faces many practical difficulties, and a large
number of deep problems need to be solved. In view of the
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requirement analysts to complete the construction of formal
model step by step from the original requirement, as well as
to effectively ensure the completeness and accuracy when
people depicting their expectations of software functions.
Therefore, in this paper we address the above issue using a
formal engineering model based on requirements modeling
and dimensional analysis. A more accurate definition of the
data dictionary of the requirements specifications can be
achieved by analyzing the requirements specifications, thus
significantly improving the accuracy of the requirements

specifications in the actual railway development project.
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However, the definition of the dimensional system is not
applicable to all requirements specifications. Subsequently,
by providing the requirements engineers with configuration
files to modify the basic units and dimensions, so that they
can build their own dimensional system.

In the future, we will conduct a deep verification of the
correctness of the requirements. and further improve the
performance of our requirements model. For the established
requirements model, the correctness and accuracy of the
requirements specifications are improved by means of static
analysis, dynamic analysis and model check. Specifically, we
will try and explore how to actually apply a variety of formal
methods in the industry, explore which methods are more
acceptable to the industry, and minimize the human and
subjective factors in requirements writing to reduce the
potential defects and errors of requirements and improve
modeling efficiency. Finally, the embedded control software
formalized method and tool chain which is more systematic
and accepted by industry engineers can provide guarantee for
the quality of embedded control software.
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