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<Abstract>

A Real-Time System is a system that is required to react to stimuli from the
nvironment including the passage of physical time within time intervals dictated by
he environment. Concurrency is an inherent feature of real-time system. To implement
oncurrency in real-time system many software develop method is introduced, and
nany programming language that provide concurrency in language level such as
Aodula-2, Ada, CHILL are developed. C++ that have many user but don’t support
oncurrency in language level is most popular programming language in developing
eal-time system. C++ that have many user is most popular programming language in
leveloping real-time system. C++ is object-oriented language but don't support
oncurrency in language level. To develop a concurrent tasking application using a
sequential language, it is necessary to use a multi-tasking kemmel. In developing
-eal-time system with C++ how to combine the concepts of concurrency and object
nust be very important subject.

In this article I will show easy way of implementing concurrency in developing
Real-Time system with encapsulated concurrency by C++ class.

1. 4 &

AAZE Al 451 (Real-Time System)2 27 HE 7|5 EE Fo{2 A3t | ckolz] &5 A
335}7” otz Al s g}, ol gt A AwlE sheghe] o] Fo g AbEe 9| F

27 1 AN BARA, ARZREH 277t FHE Ad FFHoz LA"E g &
” He] @A, Al oF #A A g3 WA T2 Axsge] M § msof
A EL oIt oH7] AAIZE Aja"le o8 AN UHEA BAH FREE AS
7b iR Roln] WA A A7F Al 28 (Embedded Real-Time System)?! 7%+ vltl$ 12
steh o) F 4oz RE| Y QAN AL FapHoer wAFcE HAgo] glow, A
thbM oz b sl lo] dwkAH ol AAIE Al 2R Aol g fe] dfste] Fof
LAY A g gboll gutatolor st olee S UHE HYE A= Z=FojutE o
Fojjorgie) utelr F Ao WAEF QAL diste] &npE YA S HASY Y3t
o AAIZE Al2agle wyeidol HyAog AYgE|ojol v} e a8 d=gojel At
|3 2ol Hede HAIE A"l glojA] HaAlAg] Fa4E T Er2]

AAITE Al el e TR A Fo A Bl 4]l Aah Adulo] olZ 7|7kl Huje] Q17 Mg H
ghofl A A Be Fitel HEHT Ak HAIZF LZEZEojE AAE Alaged Fojzl o
2] 7PZI Zﬂ o z7istol]l A AlAES FR Ao R Aojslr] YEk AATE A A A
Al FEoich aAFNAH HAI AZELAE JEEr] 9% 2e A7 el
CODARTS JSD. ROOM, OCTOPUS 53 & A AZEQE /wstr] 43 F4
oAbl Wy Fol A eH i, Ada, CHILL, Modular-2 59 ZTaew Aol A7
LBl Mg folstA s oy ZhA BEAEE pA L UoH4). Cr+m C dojz
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A, WA A5 F3 BB %171 ‘é(SendMessage WaitMessage)

AMA, MutxolE ol fdte]  AIwiAE W4T F e 7]%(WaitSemaphore,
SignalSemaphore)

WA, EventE ol &3t Bl E3re] 7188 olF £ v 7% Eo HAAE ol
st 7188 o|& 4 T 7]%(SignalEvent, WaitEvent)
oA, JEHE H2l7]%57 7|23 /O Alu)x
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AAE 9599 A 7228 HFHo] gojA YELE IR v 2= EE X2 A
Apolelle H71A wAR Hge]l APt oy FAAE A HsAME AR
7VEd Cv+r ZHAE whEolA Win32 APIS] HaA 78 g AgE Edzdd 25
T 5 &= Aol upEA e}

By THE 9ste Win32 APIOA 2 Ysle 2HEF C++ FA2 WEstd oo
13 ARe AdEd 4 s 9% C++ Fla AAY ARd vy HI& W
=13} 7] ¢l 3t A_ka]C% AZEZ\7bE Cve Efzne] AE 71HE 713 AFE Ha7h U
Pl 9ad 5713 wAA A59e Ystd 9x$E e vEEAE Folv] 9
o RSE ARIA e %7]@ A2 AEe AL et o

3. Win32 &733ste] Mg & Ads= AAE 7Hsd
C++ 2829 +d

o

pS [}

Gl HAMS AQas AAE AEE Cor Tzl W@ FY FRolnh e

class CTask
{
public:
CTask{):
virtual ~CTask():
BOOL CreateTask(DWORD dwCreatefFlags=0.
UINT nStackSize=0,
LPSECURITY_ATTRIBUTES IpSecurityAttrs=NULL):
HANDLE GetHandle() {return m_hThread:}
BOOL IsBusy() {return m_bThread:}
void Stop() {m_bEndThread = TRUE:}
/O ESNE AKX ME WS
BOOL SendSyncMessage(UINT message.
UINT wParam, LONG |Param, LONG &riReply,
B0OL bReply=TRUE,
DWORD dwT imeout=0xFFFFFFFF);
/] BIED MAK 85 RS
BOOL SendAsyncMessage(U!NT message, UINT wParam, LONG iParam);

protected:
CEvent* m_pExitEvent; /] MHE SF A SIS AL
BOOL m_bEndThread: /] HUE B8 08
BOOL m_bThread: /] e MY SIE #M0101
HANDLE m_hThread. /W8 MY HE
unsigned m_usThreadAddr : /] R MY e F=A

/D SOHE AKX &L

CMessageinfoPool m_SyncMessagePool;

[ A2 LS8 22 =4 JiMGS

// Tikel %AWk1M§90m g sl
virtual void DoWork() {}

/I HAIK 8&8 Jitels &

=

BOOL WaitSyncMessage(U!NT message,

UINT &rwParam, LONG &r [Param, BOOL &rbReply):
/D SIIE HAK HSH KS 3IEE s g5
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BOOL Rep!ySyncMessage(UINT message., LONG IReply):

// BISD) HAIXIE HIAX RE2EEH BOIECI0.

BOOL GetAsyncMessage(UINT &rmessage, UINT &rwParam. LONG &rlParam);

BOOL PeekAsyncMessage(UINT &rmessage, UINT &rwParam, LONG &r(Param, BOOL bRemove=TRUE);
void KillTask():

int Run():

static unsigned int __stdcall Start(void* pv):

CTask S 28 o] &sle] eBl2as 3887 Y&l CTask FH 22 FH
39 ZY2=E MAdm, MAA ¥ &(destructor)2F  DoWork() Uﬂ&E%
(overriding) 3t ®t}.

1

3.1 2#E =9 Al F

CTask Z25H A&¢e &
#Ho}t. 28] CreateTask() o
€& CreateTask() Hlx=o 4o Riojr

2ol QiElxg MASD W Aol Crr AR 44
fea

BOOL CTask: :CreateTask(DWORD dwCreateF lags,
UINT nStackSize, LPSECURITY_ATTRIBUTES IpSecurityAttrs)

{
// GIOIES 2 XDIgt
m_bThread = TRUE;
m_bEndThread = FALSE:
m_pExitEvent—>ResetEvent();

/] e B AUESE AASHT.
m_hTask = reinterpret_cast<HANDLE>(_beginthreadex(1pSecurityAttrs,nStackSize,Start.this,1,

&m_usThreadAddr)).
return reinterpret_cast<unsigned fong> {m_hTask):

CreateTask() WA E=dA stv d& WA dojg ®vjEe & Z7|sst oF
_beginthreadex T4+& A}&3te] Win32 2dl=& A|Z3t}. _beginthreadex T4+
_beginthread ¥ xct cfdd FHE & 4 U3, C++ e ol g g deEl2ed
g4 2A 2738k 7EE 7]'Z]J— =3 _begmthreadex g7t TEHHE 2H =0}
A glol Qlzle] Fold Start Mla=E Aot

Start A= 29 52 ALEE 7] Ybo] staticeZ AAH A, s E 42 Run
Haesg 3&se Zold wekA AAH 3¢S Run™l& =of A 33311 1c}.

32 HAA HE

CTask 2e2%= AA Azgate] 7 d=23be) §718 A= 855 95714 o)
NA A% 25E AT
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CTask Z2old F7138 wAA] #4S F33E SendSyncMessage WARAZ Y Ao+

e 2ot

BOOL CTask: :SendSyncMessage(UiNT message,
UINT wParam, LONG IParam,
LONG &riReply, BOOL bReply, OWORD dwTimeout)

/1 OIALRE B8 HE
m_SyncMessagePoo | . AddMessage i nfo(message,wParam, [Param,bReply.0);

char szevtMsg(32], szevtReceive[32]. szevtReply[32]:
HANDLE hevtMsg, hevtReceive, hevtReply:
// ALK B3 Event 24X M A
itoa(message, szeviMsg, 10):
i f(}(hevtMsg=CreateEvent (NULL, TRUE, FALSE, szeviMsg)))
return FALSE:
i f(bReply){ [/ 3E0 @PUE= B2
[/ AR 9IS &% Event W M4
stropy(szevtReply, szevtMsg):
strcat(szevtReply, "_Reply"):
if(!(hevtReply=CreateEvent (NULL, TRUE, FALSE, szevtReply)))
return FALSE:
}
else{ /] 3E0 QPRI RE= AR
/] BHAIRl B S5 Event 244 MM
strepy(szevtReceive, szeviMsg);
strcat(szevtReceive. "_Receive"):
if(!(hevtReceive=CreateEvent (NULL, TRUE. FALSE, szevtReceive)))
return FALSE:

}
// HIAX &g Ll
SetEvent (hevtMsg)

if(bReply){ / 2E0 2@R%Ee ¥R
// BN XIOH CHS 18 DICHICEH,
WaitForSingleObject(hevtReply, dwTimeout)
/] OIALRD 3IE8 W,
i f(1m_SyncMessagePoo! . GetMessage Info(message,wParam, |Param,bReply,r IReply))
return FALSE:

}
else{ /] B0 235X ¥= AR
[/ HAIXKIE &% s S22 00
WaitForSingleObject{hevtReceive. dwTimeout):
}

// EventOll (HSt HEES S =L},

CloseHandle(hevtMsg)

i f(bReply)
CloseHandle(hevtReply);

else
CloseHandle(hevtReceive);

/I UMK B2E HA
m_SyncMessagePoo! . RemoveMessage Info(message):
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Win32 874 ol A WadE Adst= AALR 7bed C+ Bl A

return TRUE;

SendSyncMessage M2 T WA A] AR HAad #HAlA ABE AFsch 28in o
Alz1e] AEE WAAE B Hadd deFe vAlA A4 BH1 o|HEE AAdle] A
ad ez Ed 28n AR dd Hed wet wA1A] vt
v Al g BB oMEE A4Sty ritteln 1¥A e Aee wAA He §
B ooldEZ 7 wWAXE B Bl RE WAz digt HHE Sdo] WAH
7 oMEE 3t A W, mAA ARE oAA] AR AFLZRE ¢

=712 A A & dlolEol I WajteSyncMessage WA Zo] thdh Aeol= opga 2o}

BOOL CTask: :WaitSyncMessage(UINT message,
UINT &rwParam, LONG &rIParam. BOOL &rbReply)

{
char szevtMsg[32], szevtReceive[32]:
HANDLE hevtMsg, hevtReceive.
/7 HIAK & Event 247 MA
itoa(message, szevtMsg, 10).
if(!(hevtMsg=CreateEvent (NULL, TRUE, FALSE, szevtMsg)))
return FALSE:
// BIALRIE DICHICEH.
WaitForSingleObject(heviMsg, OXFFFFFFFF).
/1 N B8 2HWHMCH
LONG 1Reply:
i f{ !m_SyncMessagePoo! . GetMessage info(message, rwParam, r |Param, rbReply, IReply))
return FALSE:
if(IrbReply){ // BIE0 QPUX = &R
// OIAX B4 S8 Event IS L.
strepy(szeviReceive, szevtMsg):
strcat(szevtReceive, "_Receive"):
i f{!(hevtReceive=OpenEvent (EVENT_ALL_ACCESS, FALSE, szevtReceive)))
return FALSE:
// BAR B8 S8t
SetEvent (hevtReceive):
}
// EventOll (&t HEE8 &=L}
CloseHandle(heviMsg):
if(!IrbReply)
CloseHandle(hevtReceive):
return TRUE:
}

WaiteSyncMessage WA ZE wlAxE 7igdels dx3dA TEgch 3 A Al
A 2] A5E o] &ty mAx A c|WEE st ojWETE Ald FH7E HIYIE
Attt oWEYF Alad Aejrt HAS wWl WAA] HAAZRE HqARE ot A
29 wA A7 FEE YakA] gy ARl ASele EutR wAA e oWEE A4

yi -

N
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o] OWEE Alad Mz BEo] HAXE AL Bl wA A HFEHAEE
292 ot wAlx ABE vAx AHu AFL2RE glojulo] UINT &rwParam,
LONG &rlParam, BOOL &rbReply ¢lAt S AR E EAbsic),

=713 oA R hF Fe-S BHE 5 ReplySyncMessage W2 =9 Aoy Thg E'Jr
kige
BOOL CTask: :ReplySyncMessage{UINT message, LONG IReply)
{
// BlE 828 MESH().
m_SyncMessagePoo | . AddMessageinfo(message, 0,0, 1, 1Reply):
char szevtMsg[32], szeviReply[32];
HANDLE hevtReply:
/] BAIX 3l 8% Event HHUE A},
i toa(message, szevtMsg, 10);
stropy(szevtReply, szevtMsg):
strcat(szevtReply. "_Reply"):
i f(1{hevtRep!y=0penEvent (EVENT_ALL_ACCESS, FALSE, szevtReply)))
return FALSE:
[/ BIAIRl I8 S8
SetEvent (hevtReply):
CloseHandle(hevtReply):
return TRUE;
}
ReplySyncMessage M2 =+ g HAEE A2 AR (4 & F sy TH oW
5 Ao Alad FHZE wEo wWARE HES dadd FgEs MEEHAckes Al

& FR3ch

YAz HAAE FHEEE  FdA9 CMessagelnfoPool Fa#isol oigh  Hoje
CMessagelnfoPool #8228 F43ls CMapMessagelnfo % StMessagelnfo T Z Ao oj
g Aozt g g}

struct StMessagelnfo

{
UINT m_message:
UINT m_wParam:
LONG m_IParam;
BOOL m_bReply:
LONG m_IReply;
}

typedef CMap<UINT,UINT, StMessagelnfox,StMessageInfo*8&> CMapMessageinfo:

class CMessagelnfoPool
{
pubiic:
CMessageInfoPool ():
virtual ~CMessagelnfoPool():
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void AddMessage Info(UINT message,
UINT wParam,
LONG IParam,
BOOL bReply,
LONG [Reply):
BOOL GetMessageinfo(UINT message,
UINT &rwParam,
LONG &r [Param,
BOOL &rbReply,
LONG &1 |Repty):
void RemoveMessage|nfo(UINT message).

protected:
CMapMessagenfo m_mapMessagelnfo.
CMutex m_mutx;

=

CMessagelnfoPool Edl&v A2 & AAF3te WA CMapMessagelnfo 2@ 29
28 ~¢] m_mapMessagelnfo H°|E W2 m_mapMessagelnfo dlo]E o] w|A]2] &

] A sl R =91 AddMessagelnfo, WAl 2] & Aojll= WA =<9 GetMessagelnfoE &
AT,

<

CMapMessagelnfo F#l4% CMap 29 @%Q ﬂigé.gw I R
ol g3to] g dolde] dia wmE HIE JHedhA dhe Eaiolth
StMessagelnfo S84 #WAlA] HelH & e = —},Z.ﬂ] o]t}

322 ¥lE 714 WAR] AF

HE7] dAlA] d4& AYds 9 9 SendAsyncMessage WA =9l A o= oS3
ot

BOOL CTask: :SendAsyncMessage(UINT message, UINT wParam, LONG |Param)
{
i f(m_usThreadAddr)
return PostThreadMessage(m_usThreadAddr, message, wParam, |Param);
return FALSE;

i

o] 3t & PostThreadMessage Win32 API
o} wAlz] ol WAIAE ¥t

e
-
i

FTE3o HAAIE AEEE 2y

Hl 7] wAAE mAlx] FE3E 9ojEole ¢4 GetAsyncMessage W2 =& oS3
Fidey

BOOL CTask: :GetAsyncMessage(UINT &rmessage, UINT &rwParam, LONG &riParam)
{
MSG msg:
i f(!GetMessage{&msg,NULL,0,0))
return FALSE:
rmessage = msg.message;
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rwParam = msg.wParam:
riParam = msg.!Param:
return TRUE;

GetAsyncMessage M2 Z & GetMessage Win32 APl &8 &3t wA|#] F25H
H Al 2] E Dol llth GetAsyncMessage WA EE oA F7F vlolde AL oA Fol
A A 7} Gl wjx] 7ok

35

'8*71 o 1 g A A FE2EE dojEole WY 5 PeekAsyncMessageo] o sk A

BOOL CTask: :PeekAsyncMessage(UINT &rmessage, UINT &rwParam, LONG &r|Param, BOOL bRemove)

{

MSG msg.

i f(1PeekMessage (&msg,NULL 0.0, (bRemove?PM_REMOVE : PM_NOREMOVE ) ))
return FALSE:

rmessage = msg.message;

rwParam = msg.wParam;

riParam = msg. |Param;

return TRUE:

}
PeekAsyncMessage W2 =+ PeekMessage Win32 APIE At&8te] WAl F25%E o
A2 & dojitt.  PeekAsyncMessage HWARSE oAz F7F "Hods AL

GetAsyncMessage W2 =¢} &g vtz wkstsic}

33 2¥ =9 T8

CTaskZ % E &8 Fdl29 Adavdarp 4~d5Ho] A #3327 &5 H W KillTask()
HAaer &5 R 248 FeAzla, |F 257 258 g2 7igd &
AL A9 Fedlae AA FHARE St o]BA ForM Cr+ A2EATE YBE 24
cno oA BEHe A wARc wek 224 gu Wi AdEs Cor a8 ng
e FAE Aoy WE 2d=vt ov] AgAwen e Cr A2'Hl2E FEeo
st v WEe HT A" &7 A" ¢ ok
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7.8 1 Robot Controller System Task Architecture Diagram

138 19l Robot Controller Systemell tgF Task Architecture Diagram$ X3 It}

AN

Robot Command Processor B2~ Controller Panel Input Handler Bl232 2 58 A1)

o
A2 wAj =] F(FIFO-Message Queue) B} 2] kA3 o) A1 A](Loosely -Coupled Message)?l
Panel Input Request Message® Wroliio]l @79 3ejol utel Interpreter Ef A AlE
Start Program WA A ¢} End o|®¥IEE Z23}3, Control Panel Output Handler ©f2~=Lof A
= Panel Status Output WA= E Btk 18] Axis Managerol© StopResume oW E

=2

g 93t} Interpreter A2 5E = Ended oW EE &=t

3

Robot Command Processor Hlaas B =Roa] s WS 2dsteE C++ F8
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229l CTaskE® o]&3ste 783 Fal2<¢ CRobotCommandProcessor®] C++ A= gl AE
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class CRobotCommandProcessor : public CTask

—~

public:
CRobotCommandProcessor ()
~CRobo tCommandProcessor ()
protected:
enum STD
{

MANUAL, RUNNING, SUSPENDED, TERMINATING
} m_std:
void ChangeProgram();

/)R 43 Jtatstg THEO!
virtual void DoWork(),

CTask Z#:2z25e 44" DoWork WH T2 AAH93sd Robot Command
Processor 227} Fas|otd A& FEITH DoWork ®H 4 A9 C++ ZE g~
Ex ges g} o oA mEdAle AlA® Aol Interpreter BMAAE & S
Clnterpreter® < A®l~ interpreter, Control Panel Output Handler ®A£3E F33
CControlPanelOutputHandller &2¢)2~2] 912~¥ 2 control_panel_output_handler, Axis Manager
A3 E P33 CAxisManager Fdl 42 91 2~® 2~ axis_manager”?} o3 714 3ot

void CRobotCommandProcessor : :DoWork()

{
/] &2 Loosely-Coupled Message X2l £
white(1

GetAsyncMessage(message, wParam, |Param):

switch({message){
case RUN:
it(m_std == MANUAL){
interpreter . SendSyncMessage (START_PROGRAM,0,0);
control_pane!_output_handier .SendAsyncMessage(PANEL_STATUS_OQUTPUT,
STATUS_MANUAL _OFF ,0) .
control_pane!_output_hand!ier .SendAsyncMessage{PANEL_STATUS_QUTPUT,

STATUS_RUN_ON.0):
}

else
return OL:
break:
case STOP:
if(m_std == RUNNING){
axis_manager .SendSyncMessage(STOP,0,0):
control_panel_output_handler .SendAsyncMessage(PANEL_STATUS_OUTPUT,

STATUS_RUN_OFF .0);
controt_panel_output_handler .SendAsyncMessage(PANEL_STATUS_OUTPUT,



Win32 87 ol H3dE st QAL 7hsT C++ S A4 2 8 13

STATUS_STOP_ON,0) ;
}

else
return OL;
break:
case END:
if(m_std == RUNNING){
interpreter.SendSyncMessage(END,0,0);
control_pane!_output_handler .SendAsyncMessage (PANEL_STATUS_QUTPUT,
STATUS_END_ON,0):
else if(m_std == SUSPENDED){
axis_manager . SendSyncMessage (RESUME,0,0);
controf_panel_output_handler . SendAsyncMessage (PANEL_STATUS_OUTPUT,
STATUS_STOP_OFF,0):
control_panel_output_handler .SendAsyncMessage(PANEL_STATUS_OUTPUT,
STATUS_RUN_ON,0);
}

else
return OL:
break:
case PROGRAM_SELECT:
if(m_std == MANUAL){
ChangeProgram():
interpreter .SendSyncMessage( START_PROGRAM.0,0) :
control_panel_output_handler .SendAsyncMessage(PANEL_STATUS_QUTPUT .
STATUS_MANUAL_OFF ,0);
control_panel_output_handler .SendAsyncMessage (PANEL_STATUS_OUTPUT,
STATUS_RUN_ON,0):

}
else
return OL:
break;
default
return.
I3
i f(m_bEndThread)
break:
}

}

5. 48 9 &% A+4%

WA Adetx] e B8 AAAGF Aofd C++ o AAAEE =27 A H o]~
2 Y8R @& dE Tz Ma/2dE AR d Win32E AALE 7ted FdgaE o
£3te] EdstArt

B omRolAE AAZE AaRe]l FHL AW Wygel P =ow e, ol Fe &
T owae Aadel %S Hugsus Zaadest AFgE) He ANz 2R
3 Fex dolre s FEstodor sl g AR AgHor z g fhojB
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