MO DE A C+ + T2 MM S O+ +Tro-C+ + 8193210 J|f

TMO B9 HA] odo] C++ T2 AA 4
C++T-to-C++ W79 7t

2 o

A4, AFEHE AMEse QAT A AR S8Rk e 277 F43 718t g 28y oleg 4
AIZE A2 SRR A A A Aol 2ESdE ol R 2 ddA AYHAT Aok A FgH F
YU AT A A A 7HAEQ EAS A5 S A EH F F Ue F2 RdE AgEe B9
o AS7A AAAF Aol 7lug e mdEo| Muse] AMER gk 2 F UCIA 7id TMO
(Time-triggered Message-triggered Object) 24 & flolM AF§ & 7ASE & ¢FHAA ol £ =FdM e
ol2F TMO 2L 714 ZF A 2 4 AEE & e TMO 29 HAUA CHHTE AAd L oo thal
A8 71t B, ol CH4T BAE 71F9] ¢dold CH+2 Hds £ 4 & CHIT HY7 15 4
As s gt viRgo g, TMO HAH o} C++TE 7|¥o g & TMO S T84 tiste &) &)

Design of the TMO Specification Language C ++T and
Development of the C ++T-to-C +-+ Translator

Moon Hae Kim' - Yong Woo Park''

ABSTRACT

Currently, application areas of real-time systems using computers are rapidly increasing. However, development
of real-time systems is slow because of the lack of a systematic approach. The heart of the systematic approach is
an appropriate model for real-time systems which can abstract temporal and functional behaviors of real-time sys-
tems. Many models have been proposed. Among them, the TMO(Time-triggered Message-triggered Object) model
developed at UCI satisfics above-mentioned requirements.[1] In this paper, we present the design of the C ++T
language that can specify the TMO model. We have also developed the translator which converts C ++T specific-
ations into equivalent C +-+ codes. We describe the design and implementation of the C ++T-10-C ++ translator
in this paper. Finally, we conclude by describing additional thoughts on the C +4T specification language.
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AAIZE A 2go] AR T3] Aol A Aok
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Alz-dle] 71EHel dFoly AHEY AFxEd #
248 ANAFE F UE F& 59E A8 3 Aot}

#HaA timed petri-net, finite state machine, object-
orientation ¥ 7|9tg thdg HdEo] AAFEHY
ded, ol QFEe REEL AAT A 2H 9
A7l A5 we SR Ak 2V AAZLE A
€] 7k AIZHAQ AFWT opE} v A A
g oA 5o N F48 F& AEE F7)
S8 BAATE g 71¥g TMO 290] Kim &
off oJ#) A 7= Arhl, 2]

TMO 292 HAI7F A2 e] A 7hEQl F & 5
A5}8}71 $)§ SpM(Spontaneous Method), ¥ A] A] o]
ot N L F45817) A% SvM(Service
Method), 218} 3 o] &o] TH3te WOl & AadE
@92 A A7) 918 ODSS(Object Data Store Seg-
ment) §o] U3 o]EE e AANE REHY
AxE o £t olajg TMO REE HA L Al
9] tjztolqelA A dAdMEE HATAE A
T F UAEE & o, A Al 29 348t
it @EdE AT £ 22 A0 A 2Ee
A7rEQl B S 3 7hdslA & #o

oy TMO 29 €& #8387 9% C++ TMO
Zzoagge T™MO 298] A5 8o Bvhgste
2 TMO 5do] 71X HA7H e v 3 e §8 =Y
o] AANHY 2 4F gotrr] AHA dv. 28R
7171 R 0.8 71&38)] oot e 27|13 I =(dummy
code)& w0l A7+ A8 7 B TMO 2d 9}
M4 & EX deA4S 24 90 wEhA B =]
AME 71EY C++ A& 33t TMO Zd 9
GeAF dAZE 2dE FAEA Z2adY
g 3 AEE 3 F= ARE Adejed CHTIC+H+
Time) Ao} & 7| @3y, o]& CH+ A HYH &
Fde E7YU CH+Tto-C+H+ G 7](0]8 C++T
A 7)NE Nttt

& =EE g go] F4En. 94 23dAE
AAE A 2ol A o] AAIZHAQ R 458 AAT A
A2 nddg &7 A 7Y 5, 2ANFHA 5EAHE
7t 2 28 & § e T™™MO R disia o}
o} 330 e TMO 243 C++ doj<he] #4
2 go}R 7] 8 C++TMO 22 dAE 7]
%383, o] EG R 43 C++ TMO 22

ol dF FAFA o8 HAE7 98 CH++
Aol & 4T CH+T Adojof &3t 7|e@et 5%
NXE CH4+T Qo E C++ doj2 HYs] F7] 9
§CHHT Wi r)e] dA € Fd Hsl 7ied
ok @A Jled WEE BgeR 6FdAe e
% C++T TMO Z22dY o & BeF3, nfx 9
o2 74 E AF7A AW & W§g FEs
g5 AT T8 A g

2. TMO gl
Name of TMO
Maxirum
L1
1105
Capabilities for
rom SE's, Spis Object Data Store i 4—_-_:E m.; ;:O‘a
_ca'
- Time-
Reservation T a(TT) or
Queve, smoom
Mathods(SpM)
Service
Racaes]
Clisnt Massags-
TMO'IjjI[ Triggered(MT} or
Servics
Methods(SvM)

(18 1) MO =Elle) 7leF el = (3]
(Fig. 1) Basic structure of the TMO madel {adapted from
(3

2.1 TMO 249] 7|== ¢l BF

(¥ DA AAIE BF %], TMO 29
the] FEA T T/HE YL g3} Aol a4 ¥
7tA 2 vebd < Qlet

@AF EFE L= IA F 2FLE FE
He} 9A, A9 AA A A S A kol F717}
Hd JA7 e o5 d¥HE SpMe] e,
o|& time-triggered(TT-) methodg} RE7|E @t}
SpM 2] J8 Az A A BANA REA] G
2 gA 5ol Aof gt o]y @ AN FFESpM
Aol AA Fel e, ©o|& AAC(Autonomous
Activation Condition)2} @t F WA E80ldE
258 & AAR o 98 FEsE SvMo| e,
o] & message-triggered(MT-) methode} 3 E27|% &
o} o] g TMO 299 4A g § F=41 83



TMO B BM 2104 C+ + TS MM % C+ +T-to-C+ + B147|0] & 797

& “RTCS(Real-Time Computing System)t T4
TMOSE 748 HEHNAY g Foh"e A
otk TMOEE Mule] SlE SvMel di# Eefeldd
0 33& BdA ME A3AE #¥d. 5&3AE
geloldE Aald e SpMY F= UL, SVMY
% qlth. FEo|PE: 7128 2.2 blocking(or syn-
chronous) callg T3 &ALt A AA 92
A 48& goldA 371 9814 non-blocking(or
asynchronous) call& AHS-¥ =X 9lch[l]

(b) BCC(Basic Concurrency Constraint)e TMOE
o] A7 Mul A L 23] A% A 2
o2, SpM3 SvM Alol¢] FE& WAIE7 AF ¥
8 FH o} 3o FelojdERRE & HA A
o FYs v SvMe AL 7|EHO R SpM F
go] gl A%Y, 8] dojd SpMe] Aol ¥
g Fd g spEsid &3 2eAE SpMF SvM
Atoldl HolE & F#3}7] $1% ODSS7F EAlste
d, ol FAd HasBe 45 SpMe] SYM B
o 52 $HEAE HAE Aeld. adEg 4
o) FYsle A7E HAA GAGMRE 2AAZ
2 9l 7, SpMe] 3. SvMol| el&A] sk R o
on, SpM9] F8 A 2 AZHe A F UE Al
vh{1]

o] 5 7hA B 89 oby, I A2 Ve
s} Z# mdoe JehtA B SPEES AHE F
Art.

(c) TMO9l] Yelt RE vfiE e deajl g ztetth

() TMO®] 23t 4A 7 dol 8 & § & 7] HMax-
imum Validity Duration)o] A1\ & 271 @A €}

TMO¢] tiztoju & SvMe A Ald] d=aidg
el Eo 24, Seto|dE A A 2] tao] oA A
ZF ARl A o] e RAE AgE & o Akl

2.2 TMO 22| FAR4

T™O Rd & 71&9 43 2dd digd §Fee,
Z1E8He 72E (¥ DY 2 Jept ok TMO &
ge AHHY BA L golaA sl F& TAC(TMO
Access Capability)® H2& #4849 ODSS,
SpM, z&lx SYM ¥ d 7HAS a4z FAHEH
SpM = SYMES o BollM AF uie} 3, TACH
ODSSol i ¢ 7142 o} &= 2ot

e TAC: o= TMO$ SpMo|t} SvMoljA th& TMO
of R SvMel Uit 5&e] & A, o8 9%
24 A'd(Communication Channel}-g &3 Lo}
7bR 3t glejok gk A g ¥ W] YA e
F & 32 & SyM 9| o] &3 o] SvMo] £§ TMO
9] o] & Fo| Yasirh TACH E¥= = FE
e AR E F 87 4% Ad e ID% HelH
E F32 ) 4% A% FL Fol Ut

¢ ODSS:oj™W TMO 249 el SpMF SyMo] A
Z Fe3e dolHgE AAs A8 37U
ODS(Object Data Store)7} Sl+=Hl, o] ODS+& A}
ave ¢z FHE. & oDssg gt 2
g2 olg§ HolEE fFaA7|Zte] AYA FiE
% dielg 7 g

o] @A TMOE T43te BE TAH8LE 714
B ADARA 5498 dA GAdAEE F 3 JA
3 FogM, 1 TMO g A4 549 4
2 BolsHA o F3, A2 dA dAASH
A 2ghel gt AAIHY & B 2ot

3. TMO 2dl# C ++ TMO =2 129

o] FojlME TMO Rl o]& C++ Aoj& ol &
o TEaygdse Wyl ds 4HES) g8 o
A 7Hel AlE 28 4A%Y, ¢l TMO REd=
2d g3y, o] TMO R9& C++ o] & o &3l
zzagy o E§ olgd C++ TMO T2 18
W Aol g she BAEE AHED,

31 AL2 |2

AuEl e thEE & 48S e ¥l B
HE F4E

DAY &g F71FL2 Y3 PR A

@99 B 2A A AL gE FIIH R 7hH e

o] & A& o] g}

iz ALy e F71302 Ayt AHAsL
A= "HAAE FF WA 8 ~=(Integer Generator
Task)2}t $it}. o] )23 w 453 g2 F71H2=2
ARe FN4E 7Y, B3 e gAas iy
A4 ol thgh A2 o} of g Hes Fe A
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v] 28 4= shofof ghri

= WA A3 A 832 Hl25(Integer Reque-
ster Task)2h 312, o] e 2=12] G2 AUA B2
A FAHLE AF ;S A8k 511, o] U
B A AL g g2aEge] s

Qo A ¥ 7o g2 E TMOZ 2d g3}
3, 08 HAAR THE A C++ AolE o] 83
C++ TMO X219 vt 1 oo FA48 5
el A A o

3.2 TMO 24l

TMO 29 & 2780 A 243 AW HgE%0], 27
38 28 A8 A 1Y F0F THLAE Ve
9k WA Fa FAH84dE TMO U8 F A9
v A= 789 SpM 2 SvM 3} o] Eo] FH3tE Hl o)

£ A#3sl7] 2% ODSS7t Y3, 37 A 84
v TMOEZrel 522 9% ARE 7 TACY
Atk 3.1 29 A o] vEld F Ale BaAE
Zzt TMO R4 2 2d ¥ty 29 o&-3% g

3.2.1 A 44 A TMO
A AR B2 8L WA FHLE A
2L AT & AAsd AR gledA, b2

HEA2(FT 834 2329 & 238 e}
A A AT @ Aes FE ANAE F3
dlof sed, TMO 242 2499 € 4 444 |
238 A5 BAA TMOZ R 2712 §ig).

(¥ 29 (el Yeit e I+ 444 TMOE
AEHeZ AW W g5 2.

¢ TAC:THE TMOd| U&= SYME 3334 go
22 TACS gagit

s ODSS:SpMol|lA Fr| Aoz 4 & A4
o 22 gh& AR dojof sns o) AT 3
+8 W4 K’ 499F 3, SYMCA AujA
830 A& 9 Yook 322 SpM 3 SvM o] b
olE| & F#5t7] 91§ ODSo| 4 ¢ 5 ojof &}

*SpM: 7102 H & A o)

*SYM: A5 gl ti¥t 2L Pol, T JF e
AdIFE MU 28 9%

3.2.2 A 832 TMO

A5 834 9239 8L 94X 5 4= H
230} A G FrHOE 2Yde Wol 07,
ol AT #L dLEdo] & F& MULAE FYiic
d, TMO 242 ndg & A4 9 Y2 2328 A

Integer Generater TMO

* None.

G >

' *Generaes a integer value
periodicaily

I ——»(+ Accepts émessage
r to raquest a integer value

Integer Requester TMO
TAC
» Access Capability to
the Integer Generator RTO

opss
oo D
,SpM
G' . » Requests a integer valus )
periodically & display it.
. | SvM

r" }"‘””’C Displays a integer value )

(a) &= YH X TMO

(b) B+ 2 X TMO

(23 2) B WA MO F 5 RE A TMO
(Fig. 2) Integer generator TMO and integer requester TMO



TMO 249 M QI0] C+ + 12| A R C+ + THo-C+ + BIA7I0] it 799

2 a3 T™MOZ gk (29 209 (b)ell Yelhu gl 3&sto] A5 2 /tASel StEE Ay A
e A4 432 TMOE A3 4oz 4Hud ke dt 2 TMO9] 8] SvMel Ui g TACE Zhet)
Fige N * ODSS:SpM3t SVM Atelo] 593 F/F vl
e oo,
«TAC: 35 442 TMO2 SyME FrHo *SpM: A5 AR TMO SyME F713o2
PFTAC M o/ A TAC "I A %
class IntegerRequesterTAC
/*ODSS # @ +f . public BasicRTOAccessCapabilityClass
class IntegerGeneratorODSSClass {
: public BasicODSSClass public:
! int DFCID_IntegerGeneratorSvM 1,
private: IntegerGeneratorSvMi_Par t 1
int K, IntegeriGencratorSvivil_Par;
public:
IntegerGeneratorODSSClass(void), void Register(void) { )
~IntegerGeneratorODSSClass(void): RegistertRTOAccessCapability(
int get_value{void}; “IntegerGeneratorTMO",
void set_value{int); "SvM 1, &DFCID IntegerGeneratorSvM 1, 10003,
h )
b
/% SpM A3 &/
class IntegerGeneratorSpM [ Class /4 ODSS &A@ ¥y
- public BasicSpMClass /* SpM M 4 %/
{ class IntegerRequesterSpMiClass
private: : public BasicSpMClass
IntegerGeneratorQDSSClass *ODSS; {
void SpM 1 Boedy(void); private:
public: IntegerRequesterTAC *TAC,
IntegerGeneratorSpM 1Class void SpM1Body{void);
{IntegerGeneratorODSSClass *), public:

B IntegerRequeste rSde 1Class
(IntegerRequester TAC *);

% SyM A4 w/ |
class IntegerGeneratorSvM 1 Class
- public BasicSviMClass /1 SyM M8+
! class IntegerRequesterSvM i Class
private: . public BasicSvMClass
IntegerGeneraterGDSSClass *0ODSS; {
void SvM1Body(void), private:
public: void SvM | Body{void};
IntegerGeneratorSyM1Class public:
(IntegerGeneratorODSSClass *); IntegerRequesterSvM I Class(};
' h
1+ TMO " 8 % ATMO M & v
class IntegerGenerator TMOClass class IntegerRequester TMOClass
i
1 {
private: private:
IntegerGeneratorQLISSClass ODSS; IntegerRequestes TAC TAC,
public: public:
IntegerGeneratorSpM 1 Class *SpM 1, IntegerRequesterSpM I Class *SpM1;
IntegerGeneratorSyM 1 Class *SvMI; IntegerRequesterSvyM I Class *SvM1;
IntegerRequesterTMOClass() {
integerGeneratorTMOCHass() { new(SpM i, IntegerRequesterSpMIClass(& TAC));
new(SpM1, IntegerGeneratorSpM 1 Class{&ODSS)), new{SvMI, IntegerRequesterSvM IClass()):
new{SvM |, IntegerGeneratorSvM [ Class(£ODSS)). }
! void RegistetTAC(void) { TAC.Register(), }
n )i
{(a) B 44X TMO ) RFATMO

(18] 3) H MR ™MOSE B 2K TMOO] THEE c++ MO =211 &Y
(Fig. 3) Program header for integer generator TMO and integer Requester TMO
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wEse A g AL, O o] Bqe A
A F 232 TMO)9] Aul& viEs
gre) T &E g o] 8 Fofof ¢

o SYM: A4 7o) tlaFH o] 84-& o Myl s

) Fe 7leg He

& A Pg2AG FE e WA 22T E TMO
29z pddste Baded, 49E st
A REAH, Rdy g o FepoldE /MY Ada}
ANAY NG 43 48 F dvke A & ¥
ik

3.3 C++ TMO =2 J2HY

AR+ TMO 29& HAHo=z 20y
&7) gl C++ doj 8 A&t drh & FoA
= A% AAR TMOZ A+ 234 TMOE C++
dol g At dtel TR Ysle WHE HoET

3.3.1 A4 AA A TMO w3k C++ TMO =&
s X7 LY
A4 AAz TMOE C++2 224937 9
vﬂf‘it Zt FHRAEE 77e Y AR A
7t FA R4 ¥ME TAC M4, ODSS A4, SpM &4,
SYM A4, 283 TMO M4 § 3A 5789 Hde
2 o] zhzhg S8 sttt (29 3)9] (a)% (22
& 99 @z 45 42 TMOd i C++ TMO
Z2ad g F B FI gl

o TAC MA:8l e

* ODSS A4 : g4 A2 TMOE SpMejA B4
" Ay e s FR3fok st SpME
o] A ke AAFZrol &4 RW(Read and
Write) W& 7HAIn, SWME o] A% el o
&4 R(Read) &7t 7FA¥ €t} SpMt SvM
ol ODSSE HIE W F&HC Y B¢ °l&
#2471 & ODSSY CREW(Concurrent Read
and Exclusive Write) 2UE 71%& AFs 79,

# & gl AFE
« EnterCREW_RO() or EnterCREW_RW():
CREW EUH 7l5& 4% 8}

- ExitCREW _RO{) or ExitCREW_RW():CREW

BYH 715 g F8530
*SpM HA:F5 A TMOS) SpME F713
o g FE MAEld, ODSSY o] 5
we ALY gk & SpME A3l Al H
= gTEolth
+ Register AndInitializeSpM withBody{SpM | Body):
SpM & FE &}
» ReportCompletion():SpMe] £ 85U S ¢
] T
eSVM AA A AR TMO2 SWME B &
B34 TMOZSEH & A4 gkel 2349 d&l, 2
o] &§ TMOW 9] ODSSd sle A5 a2 ¢
o], 2 & v F& Hu2E F984. U
& svME A AT He PaEelth
- RegisterAndinitializeSvMwithBody(SvM1Body) :
SYM& S &3t
- ReportCompletion():SvM 2] =8 & F 5}
- ReceiveSRQ() : SRQ(Service Request Queue)ol
A g EE deth
- ReplySRQ():SRQ¢| A% g2 AvlErh
- ReportCompletion(}:SvMe] F8HAUS S &
2 &k
« TMO A :2Zhzhe) e 22 AAH Y& +4
8288 3o TMO AA R A 93 &t

3.3.2 A< 244 TMOd g C++ TMO &
=Y
A4 %A TMO| tjg C++ TMO =239
e 4 AR TMOY tig C++ TMO =2
a9 s gd g A5 44 TMO & X
5ol 1A 2 TAC 49 g C++ TMO =
2oy g 4. (29 3)9 (W (28 99
(b)= AF 837 TMO9 g C++ TMO =21

A & BAFE T

«TAC HX4:34 a3 TMOE A+ A4z
TMO9 SYM1& E&sfof §ic}, gt H5 3
2 TMOS] SvM1E E&387) 93 TACS 7
£ 22 TACE 98l A3 5He g5ttt
- RegisterRTOAccessCapability(): TACE ¢ &

Fdg gdert
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* ODSS 44 gl

*SpM M4 4+ a7 TMO® SpM 2 T714
o8 A% WA TMOY SvMIA AF a&
AR AALT, g el v)aEde]
s o} S & SYME &3 A AFEHe
gheeof Hholdt,

- BlockingSRQ(}:SvMeofl 1l ¢t blocking call-g
T g}
- NenBlockingSRQ()»:SvM ol t §F non-blocking
call g w3k,
+ ClientTransfer( }:SvMell t 3} client-transfer call

< T

* ODSS A8 8
ittt IntegerGeneratorODSSClass::get_value(void)

i
3

inti;
EnterCREW RO(); i = K ExitCREWwithValue RO{1);

3
i

void InteperGeneratorODSSClass::set_value(int i}
1

1
EnterCREW _RW(); K = i; ExitCREW_RW();

M SpM A Y
integerGeneratorSpM 1 Class:IntegerGeneratorSpM | Class
{tntegerGeneratorODSSClass *odss_ptr)

QD55 = odss pir;

RegisterAndinitializeSpMwithBody(SpM1Body):

void [ntegerGeneratorSpM 1 Class: :SpM 1 Body{void)
i
¥
ODSS->set_value((int}random( 60000)),
ReportCompletion(),

/*SvM A
lutegerGeneratorSvM [Class: [ntegerGeneratorSvM L Class
(integerGeneratorQDSSClass *odss ptv)

¥
4

ODSS = edss_ptr;

strepy{SvMParameter. RTO_Name,
"IntegerGenerator TMO");
strepy(SvMParameter SYM_Name, "SvM1");

RegisterAndinitializeSvMwithBody(SvM | Bedy),

¥

void integerGengratorSvhM i Class Sy [ Boady(void)
1
i

i timestamp, client_dfcid

ReceiveSRO(&client_dfcid st &i. &timestamp);
i = OD8S->yet_valuel);
ReplySRQ(client_dftid rr, &i, sizeof{int}. timestampy);

ReportCompletion():

%
1

f* ODSS M4 4/

/¢ SpM M A v
IntegerRequesterSpM 1Class::IntegerRequesterSpM1Class
{IntegerRequesterTAC *tac_ptr)

{
TAC = tac_pir;

RegisterAndnitiatizeSpMwithBody(SpM 1 Body),
}

void IntegerRequesterSpM iClass :SpM 1 Body{void}
{

g,

BlockingSRG{TAC->DFCID_integerGeneratorSvM1,
&i, sizeoffint), 1000); // Deadlinc

gotoxy( 10, 13);
printf("%8d", i)

ReportCompletion{);
)

/* SvM M & »y
IntegerRequesterSvM 1 Class::[ntegerRequesterSvM 1 Class(}

{
steepy{SvMParameter RTO_Name.,
“IntegerRequester TMO"Y,
steepy(SvMParameter, SvM_Name, “SvM1™);

RegisterAndlnitializeSvMwithBody(SvM I Body),
y
¥

void IntegerRequesterSvM ! Class::SvM i Body(void}
{
int i, timestamp, client_dfeid _rr;
ReceiveSRQ{&client_dfcid 1, &i, &timestamp);

gotoxy( 10, 143, priovd{ %847, 1),

Report{ompletion{ ),
B

(a) ¥ 44X TMO

(b) B+ X TMO

(22 4) &5 AAXE TMe=F "4 X} TMOOH T2 C++ TMO 22773 3E
{Fiz. 4) C++ T™MO program code for integer generator TMO and integer requester TMC
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3.3.3 AIP{Application Initial Process) 78
Makefile

B A TMOS A4 232 TMOS A =
M AE WEo] F7] A% AIPS C++ TMO 22
TS HYE7] A makefile (2 5)of =)
3 WEhy gl

Oa& AIPE 938 AE93 e 49 Fg~
o[t}

* AlPSupportClass : AIP<l| ] &jo}f & 7|E Aol o
e S9ee Fonrolg.

¢ TMOExecManClass: TMO 48§z g8 Ad
MEIAE 323e C++ TMO ZroPe 9
g RlEj ol 28 AT o}

* TMOMan.CreateMEP{): 7] 23 ¢] =17] 9] 2
3} PBR(Priority Bracket Record)-& 7} = MEP
(Method Execution Process)S A A g1t}

* TMOMan.BindMethodToOMEP():SpM& 93
MEPE vle] 4423 g9 Fu. SM& Al
2 840 3l g Y SYHr 2 MEPS 530
2 833 £

¢ AIP. PermanentSieep(): AIPE= Y &0] 27jzs
A ZRA22H TMO ZEAAEL Y46
EF AN AL BT FyEgor T 94y
3 FEX A= Q¥ TMO =2 2E(SpM
or SyM)e] =3 gt}

747te] B4 gL ‘BCCR AAYHE o] 43
o Futdeel 223 ‘386link’S o] S-5ho) oAl
BAE 54 AdES ATHE dlojReg Y=z
g}

4. TMO 26l A 10| C ++T

€ FolMe C++ TMO =z 9o 3 wyat
°|& H&5t7] 91§ TMO 2d 94 o] C++T9
Ha g dsiAy 4HRT, C++ Adolg A3t
T™MO =4 FA] ¢10] CH4T 0] 8 Holste) o)

4.1 C++ TMO Z22H9lo| A} chy

3FAME 7o R A Ave 9o Yehd &
T A4 TMOg 34 234 TMOE C++ TMO
Zea# gt Bt} o] vlgo @ TMO 244
g C++ TMO Z 2oy Ao widsles ° 1%
<A % BUY L Oe Zel e £ Qg

* TMO 2d0] 7t &= G445 J 8¢ A7 J4
E4& 47 €}

*TMOS 7884 E 27837 48 879
F7139Q C++ 2 &7} g

*TMO 29 9] Zt o2 E 33 Bl g=ilol,
ODSSe] §a7)7, 282 SpMe] A17HE 9l o
A AAC F2] A7HE 2l g 4o T Edlo] o]

void inait void}

t
AlPSupponiClass ALP;
RTOExccManClass RTOMan:

IuegarGencrater TMOC lass IntegerGenerator,
IntegerRequestor TMOCass IntegerRoquesier:

RTOMau.CrealeMEP{5):

RTOMan. BindMethod ToMEP{
LntegerGenerator. SpM | ->SpMParamcier MID).
RTOMan, BindMethod ToMEP(
UucgerRequesier. SpM 1 ->SpMPanmmcier. MID):

huegerRequeseer Regisles TACH):
AIP PerwanemStee):

Ji The ATP goes 1o slecp so that children processes
iy continiie to exist and be active.

L2 L ¥

FLAGS = -1;-D_RTLDLL -¢
TARGETDIR=.

integer.exe: aip.obj inigen.obj intreq.obj

aip.obj:
intgen.obj:  inigen.cpp intgen i intreg.h

Intreq.ob}:

Makefile for an Application

388link @bcdlimd.dos alp intges: intreq
@\dreamidk3bidream -sxport
_main=main .exe integar

aip.cpp intgen.h intreq.h
Boe32 $FLAGS) gip.cpp

becd2 ${FLAGS) intgen.cpp

intreq.cpp intgen.h intreg.h
boc32 $FLAGS) intrea.cpp

(a) AIP.CPP

(b} Makefile

(3% 5) H+ YK TMOS} BT REX TMOE 23 AP X makefite
(Fig. 5) AIP and makefile for integer generator TMO and integer requester TMO
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M TAC H&
TAC:
type-specifier
TMO_name:SvM_name(parameter _list) : deadline;

# ODSS & HE 4
ODSS-
segment |
<type-specifier> <identifier>;

} ODSS_name;

1+ SpM Al & %/
SpM:
SpM-name() {
[ always() { AAC; }; ]

I
[ if-demanded(AAC) {
casel : AAC_I;

default : AAC n;
.
8§

]

/* Constructor Codes */

1 SyM M8 4/
SvM:
type-specifier SvM_name(parameter_list) : deadline |
/* Caonstuctor Codes */

]
1

M TMO 8 v
TMO TMO _class_name {
TAC: /* TMO Access Capabilities ¥/
fist of TMO_name,

ODSS: /* Object Data Store Segments */
list of object_data_space_segment;

SpM: /* Spontancous Methods */
list of spontaneous_method;
SvM: /* Service Methods */
list of service_method;

8 TAC KA %/
TAC:
int IntegerGeneratorTMO::SvM () : S0msec;

f* ODSS &l &8 #/
ODSS:
segment {
intK;
} ODSSI,

% SpM H A &7
SpM:
SpMI0
always { AAC(Omsec,1hh,250msec)
start-during(1Omsec, 35msec) :200msee; },

}
IntegerGeneratorTMQ::SpM I1()

ODSS1.K = random{50000),
)

/¢ SvM A E ¥
SvM:
int SM () : 10msec {
/* Constructor Codes */

}

int IntegerGenerator TMO:SvM 1} © 10msec
{-

return{ ODSS 1K),
}

ATMO 28
TMO IntegerGenerator TMO
{
ODSS:
segment {
int K;
y ODSSIL:
SpM:
SpMI) ¢
always §
AAC(Omsec, 1hh,250msec)
start-during(10msec, 35msec) : 200msec;
h
)
SvM:
int SYMI(}: 10msec;
B

{a) C++T 20| HAl

(b) C++T TMO T 213 ofjH|

(718 6) C++T 0| HAM W c++TTMO =208 Ol H|
(Fig. 6) Specification written in C+-+T language and example of C-++T TMO program
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o C++ Aojolla AIZHHQ BHol Bl o
Lo CH++ TMO Z2IaH g A 7HHY
EAo] o]y 3 B3t

o g § dHol e BF3 T, C++ dojTo]
A A4 L 2ol UERE £ sl

o pa g A RYH FEAYE et

oAy U AWdaig e JEHE =1E A
AL 5 dTh

«TMO 298 93 AF=2 e gelBe st
C++ 222 +aH U
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52

FRI S FALAMBT M 308

42 T™MO 2% GAM oof c++ T2 ZRAM 2 17
Abgt

™O 24 gk C++ TMO Z&za)yge] %
HHL 23y, TMO 292 tajeh] 2 221
Ajell Al Fol2l =8 g HAGT F JXE 5] 9
3 TMO 29 g 9% A o] C++Tel 7ligo] &
agg a8y ol CH+TE Ay o oes
e Abeg 2@ of st}

¢« TMO =dlo] 7}x] & G&Ad st A E8E A 7E P4
54€ 232 f g

e A B Slof ded g ATt
o 34 SAA BAse AATAEE 78 9A
AME B4g £ glojo} dth

o C++ ALgALE A A 2E- Aol W3 A7
& FA e

s CH+ Qoje] AR AFgH 5L 298 §4
Fig=y

o C++ dojol A Al gste dAe 9 Hude
& 29 & Abgstoh

s I TMO o] dlE Balge A
R ia=y

43 TMO 2% M 30 C++T

TMO =9 A dof CH+TE HAT o, 94
TMO 249 2zt 78 4d g HAE 71584
gtojof gtrt. wrEbd B oM o] C++T ¢ &
o] &-5ted 3Gl A A A5 HAA TMOSH Z4
834 TMO® tlgt C++T TMO =219 3l
HO2H CH+T dojo] tistel A2 (29 6)
2 CH+T dof A9l 21 dAE N3] HFw
Sitt.

* TAC 44 : TMO 29 ¢} ODSSE &&7)17HM VD),
SpME AAC, 28] SYME d =g 7z}
Ztent debd Z2aYy A Z=g AUsid
Al ol®d TMO JleAf 9] SvMell ti§ RE 32
THAE G #9008 Fo] TACS HAE U8
= gk 12y o8 TMOS] oJd SYME 3%
& oo, dAZHEQ A7 B8 E #3 TAC 44
el A s SvMoll di g ti=elgl 58 FAE

FoEN AT AL golsA ¥ F Ao

*ODSS MM {FE7| e & dxate #d7
2ol dlole g M ggo “MVD;' &7Hgte =
A PN = A5 ok ODSSE A2vE
A% FHEHDZ ODSS Mo HAd FEL
HARE 292 dAdoixx s du. a2
dlolElo] et Al EHL HaiA ket
ZEAZL dold & 7|gdog HFd

- time type time = {hh: mm : ss.msec, default=msec};

- deadline: time type

283 C++T W97+ ODSS A Mg 93 o}

w3 2E =S R A4 & OE.W ZF

2 ojolAl CREW EUE o] gt BHAS A

53 Folof gt}

» EnterCREW_RO() or EnterCREW _RW()

+ ExitCREW _ROQ(), or ExitCREW _RW()

- ExitCREWwithValue_RO() or ExitCREW-
withValue_ RW()

*SpM A4 :SpM 2] 32 AACHE o] alwaysd 7
2 always T} 29 Yo AACHE 93 A3
(static)2. 8 A& A, if-demandedd ALE 2
SpME 52 o, HAHEHE o83ty NG
AACE E3(dynamic) 22 A3 & & oy,
2ol 3 FEE AACH S Yebd g2 £¥Ed
2reF SpMe] atelEl 7t QiTkd always Fo| U}
efulolut $ic). Always9) if-demandedZ $38 o
Mle C++ error(or exception) handler Wj3-2}
‘try 2 ‘catch’ & 98 HA< & e E H
t} SpMoll t g CH+T HHE A28 o, o]
TMO £ 22] A 525 elsolo} 3}
ks SpM-2 TMOSY w2 E0]7] df Ro|r}.

*SyM A A :SyMd| g3t CH4T FA7 o8
o, ol& TMO 229 HugF2 A A o5 of
of gtk SyMol th & inputd et B g §8) A
Hest, output €l ZE 534 AgHe
C++ dojoll A o] F49 A AAAs o)A} &
o} 221 SvMoll i o3 e YA ¥
Zo M AW Fojof gt
- BLC:BlockingCall()

+ NBC: NoneBlockingCall()
+ CTF : ClientTransfer()



olg gt FEAAY &M= SvMe] digt C++T § Fe 22l TMO S8 2o dig A E 7153}
GH 7t AE o, Y= Aol A2y o
Z A] AHE-EE mode st e E Fotsto g M

ol sld et

e« TMO HA:TMO 249} & T8 458 TMO

TMO 2% BM BI01 G+ + T A S C+ +Tao-C+ + HIAHFIL] THE oS

Zag 2 Yo Aoz TMOS JeRlA &

A el TMOE S&EstA &htel AA R
Hes e s

5. C ++T He7|o MAl ¥ i

G
it

4= otk C++ Qojdl+ e TMOE A A=

TMO 2do} tfg C++T TMO Z2 213 & 7]

* C++T B8 =47|9 Rules section */
%%

TAC_member_declaration:
type_name IDENTIFIER

CLCL IDENTIFIER parameter_type_list "}

TMO {TMO_flag = FLAG_ON,; ODSS _declaration_list_opt:  /* nothing */
TMO_fitter(yytext, TMO): } { ODSS _declaration_list_opt ODSS_member_deciaration

TAC { TMO_filter{yytext, TAC). } ;

QDsS { TMO_filter(yytext, ODSS); } (3DSS_member_declaration:

SpM { TMO_fitter{yytext, SPM), } SEGMENT *{' declaration_list '} IDENTIFIER '

SvM { TMO_fitter(yytext, SVM); } i declaration_list

segment { TMO_filter{yytext, SEGMENT); } H

always { TMO_fitter{yytext, ALWAYS); } SpM_declaration:

if-demanded { TMO_filter{yytext, IF_DEMANDED): } IDENTIFIER 'Y '{" ALWAYS 'Y

AAC { TMO_filter(yytext, AAC); }. AAC specifier '}

start-during  { TMO_filter(yytext, START_DURING};
}

staternent_list_opt

}
[ IDENTIFIER ' AAC Y 7{

th { TMO_fitter(yytext, HH); }

mm { TMO_filter{yytext, MM): } IF_DEMANDED ' AAC} [

L1 { TMO_filter{yytext. S8); } AAC_specifier_switch Hst "¥'7
msec { TMO_filter(yytext, MSEC): } statement_list_opt

BLC { TMO_fiter(yytext, BLC); } B}

NBC { TMO_fiter(yytext, NBC); } ;

CTF { TMO_fiter(yytext, CTF); } AAC specifier_switch_ist:

" { f{TMO_fiag >= FLAG_ON) AAC specifier_switch

TMO_flag++; TMO_filter{yytext, (")

" { H(TMO_flag >= FLAG_ON) {
f(-TMO_flag == FLAG_ON)
TMO_flag = FLAG_OFF;
TMO_filter{yytext, '}, }

% () C++T £2 B 47

T B Y

TMO_member_declaration_fist_opt:  /* nothing */
i TMG_member_declaration_list_opt
TMO member_declaration

TMO_member_declaration:

TAC™'  TAC declaration_list_opt
|ODSS ° ODSS_declaration_list_opt
|SPM ' SpM_declaration list_opt
[SYM " SvM_declaration_list_opt

TAC declaration_list_opt:  /* nothing */
| TAC_declaration_list_opt TAC _member_declaration

| AAC_specifier_switch_list AAC_specifier_switch

AAC _specifier_switch:
CASE IDENTIFIER " AAC_specifier
IDEFAULT " AAC _specifier
AAC _specifier:

AAC'( TMO_aggregate_time_type "'
TMO_aggregate_time_type
TMO_aggregate _time_type '}

START_DURING ('
TMO_aggregate_time_type
TMO _aggregate_time_type ')’
TMO_deadiine_opt ;'

SvM_declaration_list_opt.  /* nothing */
| SvM_declaration list_opt SvM_declaration

SvM_declaration:
SvM_head_declaration ')
| SvM_head declaration compound _statement

SvM_hcid‘declamlion,
type_name IDENTIFIER parameter_type _list

(D) C++T 2

(287 CcH+TES 247 ¥ BY
(Fig. 7) C++T token analyzer and syntax

&
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e
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o] C++ AAei7|e ARYHE o] §37] Y& C ++
ez g & 5 = CHT W77 gas
. CH+T Hedrte 7189 C++ Ao 8 98 LEX
FE8 YACC B S 4%t whaoz C++
ol9] LEX Zxof TMO vd #d EZ8 F7l5t %,
YACC &y TMO 39 #d 292 Zr)sid o
Euge g CHT Y7 & /s dc

5.1 CH++T-to-C+-+ EE EAM7|2] MA o JHgt

CH+T-to-CH+ EZ 47 CHHTEZ &
708 Y8 129 C+4+ EE 2475 38y,
o] & Flex& o] 439 EE 247 Z=F YA sH
. C++T EZ 2479 713 $2% 482 TMO
Bd #d EE57 7)1E9 EEES YFA Fe A
ojth. C+4+Te] EF #4771 TMO 232 Uj#4
RE EEEY TMO B34 U BE EEES
++T gAolA dAF o] dArt HelstA s, 2
o]9]9] EZE WaMe EE EA7|AA Aol
A b (29 D9 (a)= CH+HT EE EA17) 9 rules

sectiong ¥ F 7 gt

52 C++T-to-C++ TtAMe| HAH L JHY

C ++T-t0-C ++ A ()8} C ++T ) B4L 9
& N1E C++ £HE §43sty, o] § Bisong o] &
3o A Z=E AT (2 79 (b= CH+T
TR Ho] 2 Ut B, (29 8= CH+T W
A471E /Medstz] A das AEF2RE HAFT
ATt

5.2.1 TACA 4

TACS 3 C++4T ¥ & A28 & SvM 9 o
B ol XS TMOY ©|§2 °1 43 g8
Mgt o1& WHe CH+4 AdooA ALgde
wHor Fe2o JugFE MAdde AR gL
W ojct. w2l TMO= Zdl29 248 9w & 7}
A, SYME TMO®] Wi w §H4-2 epd 4 3t

5.2.2 ODSS44

ODSSE #3t C++T E¥& SpM} SvMo] T
st dolE R g ol 8 wEde Wegre 74
Bt 94 dlolg] g9 HAL SpMF} SvMo] o

olEl 8 FTH = FYQ segment G2 o] Fo] A},
a5 ODSSe Wy C++9) e g8 7
=1,

5.2.3 SpM4 4

SpM& 1§ C++T £H& C+HoljA Ea29
duigte)l e waog TARG SpME AAC
AAg 98 ‘always’ £ ‘if-demanded’ 7|91 = & A}
8%t 28]z} SpM e who) 2-Eo)= SpM e 44
AE ¢ ZEES 718 Fo olH @ e C+H+
2 k2 Abolzt gl FEolx|wh, SpMeo] TMOS) o
wetrdte JdMe 384 E et 28 SpM
< AACHI} SpME & A4 I YPog 3
AE =, ¢ $ AACEH L ‘always’ E= ‘if-demanded’
2 A48

5.2.4 SyM4l 4

SWME A8 CH+T &4 SpM3} np3stA 2 ¢
+eljA ol i 4ot o] FAHET SvM B9
opA) 8te] parameter _type_listof] &= SvM 2] zEltiE
AAd# degds ddo] vehyd Utk 28y 7
SvM 9 utr] FEele SvMe] AR E 8 Z=E
£ 7= €. olg g YL C++9) i 2olst
sl FEolA gk SvMo] TMOS] #g4ate Hol
e 3EHE #Ee

5.2.5 TMO A4

TMO S 28 AT CH+T B C++T 99
g Az 7Nz ‘TMO'E o8-8ty vehd ). 7)
4= ‘TMO'e C++oiA g ‘dass’, ‘struct’, 283
‘union’st 72L& &g o oy TMO A=
T™MO mdoq AEAHA Fo8 TMO 447 A4 &
432 7hdEta JyEA B8 5 U= E A"

6. C++T TMO Z2321%

6.1 C++TTMO Z2 021

o] oA E 3AAM AT F5 AAA TMOS}
A 834 TMO 8 C++ TMO 222892
I Z C++T TMO T223 Y3ty &}



TMO S M A0 O +TO] A B C+ +To-C+ + (H01710] Thet 807

OIREO T RE &
typedef struct tag line v
struct tag_line _t *next;

char  *line;
} line_t;

typedef struct tag_node 1 {
struct tag_node_t *next,
} node_t;

typedef struct tag_param t {
struct tag_param t *next,

char  *type;
char  *name;
) param _t;
typedef param_t var_t;
param_1 param_temp,
var_tvar_temp,

# TAC K& ?AE +/
typedef struct tag_TAC t {
struct tag_TAC_t *next;

char  *TMO_name;
char  *SvM_name;

char  *rewnn_type;
param_t *param_list;
time t deadline;

y TAC 1,

TAC_t TAC _temp,

% ODSS Kz X +/
typedef struct tag_ODS _t {
struct tag_ODS_t *next;

char  *TMO_name;
char *ODS_name;

var_t *var_list;
time_t MVD;

1 ODS ¢

ODS_t ODS_temp;

/*SpM KIE R E »/
typedef struct tag_ AAC _t {
struct tag_ AAC_t *next;
char  *SpM_name;
char *AAC_name;
time_t start, stop, interval;
time_t EST, LST, deadline;
} AAC ¢
AAC _t AAC temp;

typedef struct tag SpM _t {
struct tag_SpM_t *next;
char  *TMO_name;
char  *SpM_name;
TAC_t *TAC list;
ODSS_t ODSS_list;
AAC t *AAC list;
line_t *line_list;

} SpM_t;

SpM_t SpM _temp:

*85M Itg X
typedef struct tag_SvM _t {
struct tag SvM_t *next; .

char *TMO_name,
char  *SvM_sname,
TAC t*TAC list;
ODSS_t ODSS _list,
char  *return_type;
param_t *param _list;
time_t deadline,
line_t *linc_iist;

}SvM_t;

SvM_t SvM_temp;

*TMO I8 XY
typedef struct tag TMO _t{
struct tag_TMO_t *next,

char *TMO_name;

TAC t *TAC list;

ODS_t *ODS _list;

SpM_t *SpM list;

SvM_t *SvM_ist;
} TMO ¢,
TMO_t*TMO=(TMO t *}NULL;

Cr+T IV B

B AtE 7

(O™ 8) CcH+THAIE A8 KB 7=
(Fig. 8) Data structure for C-+-+T translator

6.1.1 A4 A4 TMOY C++T 2=

(29 9)9] (@& ¥¥Ed, A5 443 TMOE
ODSS, SpM, 182 SyME ZHzh sy 23 dth
e AL &, SpM e A zHH1 543 SvMol| gt
N7 SRR fA gotE = UG 2 A
A2 TMOE shie] AAIZH AA2M st 3
A g 4 o). E=§ CH+olA A HugrE

Astxol A A4 TMO 29 SpM} SvM
OE of iy FFES 43 A A9
AFE L 5 AUk

4 ¥ orx

6.1.2 8 REA TMOS| CH+4T A=
(18 99 e 49EdE, 34 a3z TMOE
TAC, SpM, 28] SYM & Z} 2} &ty zha Qo
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S T Header v

PN Tatege e atar TMO
LUDSS
segment |
ine k.
T ODSS L
veud dtplayting, it

o
Sl
always ¢
A AC(E0hh 1omm: 10ss: [0msec. 1Ghh, 250msec)
st duringf 10msec, 35msec) ZOOlTlscC;

SvML
St Slmgee;

C1 Body o

intery . senerator TMO: displayv(ing x, int y)
H

poloss

printft 7RI ODSST Y

)
)

ItcgerGeneratorTMO - SpMI()

f
1

unsigned long t;

GetCurrentTime(&t};
ODSS LK = (int)(t & OxOO00IITL),
display{10, 11},

H
int integerGeneratorTMO - SvM I{) - S0msec

f
|

return{ ODSS LK}

'
t

14 C++T Header */

TMO integerRequester ™o {
TAC:
int IntegerGeneratorTMO::SvMI() : 50msec;

SpM:
SpMi() {
afways |
AAC(Omsec, thh, 250msec)
start-during(10msee, 35msec) | 200msec;
b
}

SvM: .

veid SvMI(nt) © 50msec;

{
r!1:
* Here are statements converted to constructor codes.
*

}

Eh

/* C++T Body */

IntegerGeneratorTMO:SpM ()
{

nti;

i = IntegerGeneratorTMO::SvMI(BLC) : 40msec;
// Mode: Blocking Call with 40 msec deadline

SvMI(10, 13,1, NBC) ; 40msec,
7/ Mode: NonBlocking Call with 40 msec deadline
H

void IntegerGeneratorTMO:SvMI(int x, int y, int ) ;
S0msee
{
gOtoXy(X, ¥}
printf("%68d", i},
}

(a) M4 MM X TMOO| L 8 C++T Z 2 1%

(b) 4 QK TMOO th3t C++T 2223

(3% 9) A5 MMA TMO ¥ A4 QEX TMoo! tHE C++TTMO Z2 8
{Fig. 9} C+-+T TMO program for Integer Generator TMG and Integer Requester TMO

EE, SpMe] A+l 5433 SvMof i g A
¢l BA471A] A @elE 5 Ui, TACH dd
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o} B CH+tollA ZAle] AWEgrE QAR
A4 432 TMO A4 ¢ SpM} SvM 2 & o8
W eSS 42 asA Mg 5 AdES ¢
4 Ak

7.3 A #F o7 2|

B =52 A7 2A9MFE dAZEE RS
Z & e 44 2d] TMO 29 ¢ hdste 447
FAE 5 LR ) FE C++T A& Ngsiz
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TMG =

Edol Hysty oz, 44 DACA TMO
Zdo] 7t AAEe BEE B T2
el AAIZEEQl 549 248 ogA o) 2
NAALR JlEd)] Folok sty W 273 I §Y
B RS BEA dEo g azuidA AEd =
& 878 a8y CH+ o7t B & o e
BA AFAQ BA, 7150l FHold HAe]s] ¢ 7
geiel 2+ =7, 283 nfxjgoz A F o]
2 e TMO 293 33 gojhejeEo] C++
Aolz A= e A 5& 2eld i C++ A9
£ 44 HE + gk

meltd C++ S0l § 48 TMO o o4
A AAZHA S 22 $AsEA TMO Rd 2 o
A 7HEEes & Fu AR E Ao C+H+Tei g}
ojE C++doj2 s & F Ue EFU CH+T
Hd 7 g gt gt

(E D C++ MO 2278 =2 C++7TMO 2273
3 2o 2ol 4 13
(Table 1) Comparison of C++ TMO program code and
C++T TMO program code in terms of the
number of lines

TAC 10DSS | SpM | SvM { TMO

g [ an an gy gu | OE
Cobt 35 | 12 44 | 64 | 52 17 | 139 |

CH+TwH=| 2 4 16 6 18 28

(B 1DECH+HTMO 22283 C ++T TMO 2
21y Fre gl £ viwste ¥ A8 dehd
alch (E 1ol veld upet 7He] CH+4T TMO 22
aYe C++ TMO Zzage] uis) 2 E}OI %7}
4yl dode 4E 9 5 v CHHT oﬂ
TMO H49) A% #e FEelgt Adx el
TAC A A, ODSS AA, SpM A4, SyM 44 F&5
TMO 2l A Yol 23ste s &2 2 A9 3y

of Mol 22 £& §4 Aevt. TAC Y4 & 4

2 Rz TMO®] did Aelx ywaje 44 44
1} TMO®| tjgt Zlo]ct,

B =R AHE g 7o, C++T TMO =2
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Aol e TMO Rdlo] /Rs HATAEL B4 S
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U HAHYe < 47 3 Frh
#x TMO 24 ‘%M C++To 7108 L
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