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RTCS: A Method of Real-Time Component Specification with Precise Semantics
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Abstract Large and complex real-time systems can benefit significantly from a component-based development approach
where new systems are constructed by composing reusable and previously tested components, if this process of compo-
nent composition can be automated, the efficiency of system development would be largely promoted. This paper pres-
ents an approach with precise semantics, based on formal tools such as Timed CSP, to the specification and specifica-

tion matching of real-time components(RTCS). In the context of Real-Time CORBA, this paper also discusses the
method of using RTCS to automate the composition of real-time components.
Keywords Real-time component, Component specification, Component composition
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HTEBRESETE X TFR—RSE, TRt A
BAE QoS LM, LIFH EARRMI S ER., W TF—TTLL
EF, XLl QoS X /3 iR 45 » BE AT 7 A R 4, 7T 4 )
— ¥,

ENX QoS H#iR) QoSH#iRE—~1TER g,y @ty
ELEHE—TILER— N ZICH (nume, requirement) s name
B QoS BHMZFR, requirement BXT name H— NS .

#Hiin . FAERTE STime /vF 10ms, AL FEAF @ PTime /M T
6ms, QoS #R K {(STime, Stime< 10ms), (PTime, PTime

< 6ms)},

T QoS ik, A EWNH— M R4 E QoS ki
ERE

EX2(QSHRER) AT—1 QSR Query s —1

T QoS 1 Quserars 6 B Quuery s 1B Quberary 58t Qury » 24
B

V¢ € pQuery * ( 3 € Quoenry * (name(q) =name(qy)
A requirement (q,) =>requirement{q,))), B name F re-
quirement 53 BT QoS BEHAFRFW 7, p B— RFIKIIRIN
FHEMGE.

a0 . {{STime, Stime< 8ms), (PTime, PTime<6ms)}
sat { (STime, Stime<C10ms), (PTime, Ptime<6ms)}

2.2 ThEEMH4HR

E X 3R DhiEm 4R B £k
BB, E LT IhHEH (43T SRR LAY IR %5 B 3 QoS #¥iiE
(L QoSHRFER) .

TR B BAT R LU sk AL R E X (4R ey
Bedtiif K UC AR HEAT BGHE , LIELHE QoS FHAE.

EN AOTHEAER)  FHEERZE T — BT,
AIRZ IR S H R B{E AT AT (pre-condition) AT & B
(post-condition) F1 QoS ¥, F WA EFLITERN.

method method.. name (( Vur . DomainSort)* ) — Var:

RangeSort

requires pre-condition

ensures post-condition

peformance QoS-specification

FrEEE MR L5 AR

DS 4 ,10H signature(M) , Fim S8 RR
Bl{E. Bl —8E Mk ER IntAdd BI5E & X signature
(IntAdd) =int X int—int,

IDH M B predicate(MD . 2V T 97 3 8045 %

B1L , predicate (M) = precondition (M) ==> post-condition
M),

BN, A B member, FIKT — L8 o BB B — 48
#H A[L. . 100890, FIKTTE 10ms N 5EEE, W) member )4
BRA

method member(a:real, A:real [1..100])—>B:bool

requires —empty(A)

ensuresf=u€ A

peformance {(ProcessTime, ProcessTime<10ms) }

signature(member) =real X real [1.. 100]—>bool , predi-

cateCmember) = —empty(A) =>F=ua€ A,

BE—MHEHBIH, TUEXAR REEN T
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BB I, W i K R 2% A e F R BUR G i % , 7E R B
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3 HL K 42 i
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3.1 fEHMR
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EX 0UESFHR) 53R 20T 7 W 45T IAT
HISEEHE S BT A BEMIIGE, {255 E R B Timed CSP
A3 B3t 3R (Process Specification) B 45 5 .

Bl K FER RGEMT SRR

Fy=VYrt - ((t, waterlow)) in s =>PUMP-STATUS= pump-
is-off V pump-is-off E6(s 4 (t, t+10]),

Fo=V¥t+ ((t, water-hi)) in s =>PUMP-STATUS= pump-is-
onV pump-is-on€o(s 4 (t, t+10]),

F*=FAF,,
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WaterSensor 7£ ¥{4FF s 10ic 3% 8 .

(WaterSensor, {method Getl.evel ()— result: real ensures result
= currentWaterLeve! performance {{t, t=0>}}>
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SERHT 45 BT B 4RI AY

EN 13CHIHER)  BIHEREE— 4 Timed CSP 12,
R TEHAESZ D H-— B BHBIC. BHGER b Y CSP 3
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D AR STOP 5 SKIP, §i# #2458 GE AT (T 3
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DR 0N o> P, BRITid o 7. B R P M. B

SR AT R R 00 o« — P, BRI o S5, 20t
¢ ] SR PS4, Hob o SERTIHAEMI R — N TR
HEE  (DIUF L DK P Q. 2R AT PL P 3N
SEHUS FEAT Q. (AN RS 0% PLIQ, HISMEIR L
FRPEWAT P RERT Q. () MDA 0N P
[1Q, t PI1Q FRAet B2, T A 24N ER IR M B i 0AT P 3K

FQ. (DMBHESBAE . I0H P DQ &/RIELE (W P FF
PHET, UBAT P, BT Q. QW A TR L, (5
R FHATHYE 05 PIIC] Q% o £ P B.Q hi— I fE
HafE T R o€ C, 78 P A Q HREEERT o A ATAT, B
AT AT, (6) 41843 . 0% PAQ, B 4T PL IR Q
FERGHAT, W 1k P BOIAT. QW R T A A B,

B, A P::=STOP|SKIP|a—P|a —>P |P; P| P
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P=pump-is-of f—>P,

1
Py=pump-on L>punytriron—*Pl Opumpoff—P,

1
Py=pump-on—>P,[Jpumpoff t—>pumpis-off—>Po
Hor ., =10ms

def

pump-on = PumpController. SendCmd (ON), pump-of f
det
=PumpController. SendCmd(OFF)

def

pump-is-on = PumpController. GetStatus ( ) = ON,
pumpris-of f = PumpController. GetStatus() =OFF

[k FEEH a2 PC

PC = turn-on-pump 3, pump-on LN PC[turnof f-
pump ~T—3*pump~off L4>PC[]mrchange L3>WAIT1—4; PC

COWAIT (3 +4); PC
Hrfr. 3 +4=10ms
de{
turmon-pump = PumpController. TurnOn (), turnof f-
def
pump =PumpController. TurnOQff()

def
nochange = PumpController. KeepStat ( ), pump-on
pump-of f E L k.
10 AR A7 15 R 25 A Bt 72

t2
S=wuterok — W

12 12
W = water-lo —> W, [water-hi —W iy [ Tuaterok
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12
— W

12 12
Wi, =waterlo —>Wi,[ Twuterok ~—Wx
12 ) 12
Wi = water-hi —>Win [ Jwater-ok —> W
E‘?‘ ;tz=20ms9

def

def
water-lo = WaterSensor. GetLevel O =1.OW,wurter-hi =
WaterSensor. GetLevel()=HIGH,

def

water-ok = WaterSensor. GetlLeval=0K
IV R i 72

1 2 1
M= waterhi — turnon-pump LR M{Twuterlo LN

turmco f f-pump —i]\/ﬂ]uuz«r-ok Ll’mrchunge —ix\f

Hd. 1 +2=20ms. water-hi . water-lo . water-ok | turn
on-pump turncof f-pump .no-change € XL F I,

XEREHGH R TR AL IR AT 4 5, B VT sE R B AT M 4
-

PUMP=PC|[1p]|P.Ip={ pump-on, punpoff}

WATER=S|[L.]| M, L. = {wuter-lo, wuaterok, wuter
hi}

SYSTEM= PUMP | [, ]| WATER, I, = oP N oW =
{turmon-pump , turmof f-pump, no-change}

B AT R T LA U R R B R P AT Y
WA, GRS FE T LA B A — MR IE R G R,
REHe s 2 18] 0 R0 AT BB SR R R 30, L andh i
LR VT LU B R SR BB A b oo M B i R
LRS-

while(true){
switch(WaterSensor. Getl.evel()){
case OK: PumpController. KeepStat(); break;
case HIGH: PumpController. TurnOn(); break;
case LOW . PumpController. TurnOff(); break;
b
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B SchedulerFactory 3] 1,455 1] SchedulerFactory & i% #4144
R R AT & BT R 5 R BIVAT 3 8L S8
THrkEE.

3B 1380 SchedulerFactory 1) %% . 0 30 U4 3 44 14
BEshAER RAEE LIRS r S REmW S HEE.
1LV A R 2 I T 4 A AR U B R, R
A MY RGE Y Aok KITH.
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