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Implementation Technique of Execution Time Predictable
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ABSTRACT

In this paper, We designed real time mechanism control language and proposed execution time analysis technique.
It was impossible to handle real-time mechanism control programs like programmable controller, numerical con-

troller, distributed control system and robot controller with general purpose programming languages and operating
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systems because they have to process electric signals generated by thousands of sensors at the same time and in real

time. So We made it possible to predict plausibility of time constraint constructs of a real time application program

at compilation time by adding time constraint constructs and mechanism synchronization structure to conditional

statement and iteration statement of a programming language and developing execution time analysis technique.

I.M &

upol AR LR A A A2 7] HHo] BE YR
oko] A 53t g 7H43ela Q) o] & vlo]AR 2R
AA el AL Hele B8 AFEe SdAHE A=
ALE R 7) B} o) o] 2HESl 7] 9 e WA Al
2559 B4 Aojrl& s ApgEZL AUvt o]
oF 7k W43 A 225l (embedded system)2 714 & 4|
g7], oo @a} & A g AojrleA 2§ 2Rl
v} = 2 733 A o] 7](PC: Programmable Controller),
B 2R A o] Al A¥(DCS: Distributed Control Sys-
tem), <& A}o] 7](NC: Numerical Controller)s-3 %t
S a3y yWg Aofr|d o271 7hA Ha 1 F
Aol Fo= L AUrt.

ol e} g WA Al 2w 2] HAIZE w7 F Ao 2o
o] B Hold AN % WA 7% g 8T8
7] W&ol 7]1&¢] Fortran, Pascal, C oojs} 71& &
A ZgadydS AFgste TraHy doje 4
A BaAe 22y A SIAA Y WA
g glolBejglol EFo M FEHY Za vy
o] Brlsdtgct. 18], 80 ] 2 NHLE Modula,
Ada, Occam% 3 & HAIZF WA 75& 24
zzay ol o] MAEHA Y, v 5 Aol
2 3k Adag A 93t A e AHEH A FRTH2I

adaHoA] 43 HrE wE Modulat} Ada,
Occam 7+-& AAZy T2y Adojzt ZE A AL
257 ¥E olfv AA, Assemblyrt C Qlojol] o<
% Z2oeulEo] Modulatt Adaoll thall 73-7ko)
et e, £5 Modulat} Ada, OccamF o] 2 A 2
o g BE 5L Hol A AAL BE ¥
o) v]F A7) wito] WA el Rt A A e
E ZaA 8 AN A2 sgatgel s
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2] 71%e] AU, Loy APA S Jg
3 &g 7] Wil 2]

weba, BoAg A Algksts Az dFUE A
o]¢l o} RTL/MCS(Real-Time Language for Mechan-
ism Control Systems)= Modulat} Adas} 7+-& 7]&9]
9% AN z2adydelEe s & 2l
A BEEYES 2 Mg AJHA g Z(time
constraint construct)[4, 5, 9|18 zZt+ 22y 74

FZRES AAEA FAAIFI o Z M AT Al L 9
MAA A2 H ¥ o] A=Y, A A
HdE AYHF L 7HAAH o m veRlo AL £
S 913 Y AHYo) Waglel AEHLE AT
ax ol o] 7hsdt S HAS A

w3 A A B AP EY Y E g
sted AAZF T2 aYol AR FFEE] ZEa
7 WA Al A EAE HEFHeXE $A )
o st=gols Ay glo] TP P4 H
AP AAL A& F UARSF st

. RTL/MCS

2.1 RTL/MCSS) &4

2.1.1 Cycle Block

Cyclee Alo]2A 4 shtel SHE 750 4%
o HEd Aoj¥gEe aFer 49 F 7
cycleE & &3] 5y Hojok &7, it cycle <€)
Ao =G5 T cycle?] 7157 HHF o] o4&
€ 7t U

2882, M9 cycleEo] oA shte) RTL/
MCS X2 g o|Fn, ojuf A]2d) 9] Alo] T3
w2l A 7} cycles o] #4) BHactive)R o} T3 &4 3}
H cycleE & cycle 2] 2E 2] W A S(top) ol A A 33}
of #(bottom)7}#] czxpF o2 AP, cycle &
E AAE 9 433 AZHE scanF 7)(scantime)2}
o], TR Po| YEw(Al 28 o] FxEuf)7tA] &
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4319 cycle ]2 E A A7} wbE A 3y @} [6]

2.1.2 Cycle ¢

Cycle 228 249 X Z A X(process)$} 7ol
A3 A E Holgitt. o 71 e ol Al W &4 BHin-
active) ¥ cycle 2| 2EEL T2 9 startt} call &
Aol o) ste] H3Arel = EA BHactive) E Tt 431
cycle Bl2EE Al Azt st qE A3
Heax #wyge A 2y E43819 cycle
& FollA wait, delay, call, when, every$} 7to] =7
oLl AZEAFE 7ITtEl & cycleE 2 T2 E (susp-
end)2 Holste x7o] V&4 w7t Aol FA
€k 2ejvh 7} scan F7]vic} ojE 9] 2710] FHAMH
of o] W& thA] 8§43 HHE #o]xo] Wt
EAHE T cycled] Aol &EF A return, exit®
o) o} ste nigho] o] Fo] WA cycle2 th 7] A Ef(Inac-
tive) 2 Hu}.

2822 RTL/MCS? cycleE& wl=Xr] 229
Ao siA WAHoR Hedolst o|FojxH,
ol AAZIdo|g Z|E =AU TR oY MYy
HE A3 ¥4 4 A58 F ARE HECG 29
12 cycleE 9] Aol 213 AHE S Gell &0

wait, delay, call, when, every
e T T,

— /
// \\ Suspend
Active )ﬁ SuspendE 710+ %

S ’

call,sta\n\
T
l;i:ff”. ey
S oy Inactive
\}

21 1. Cycle®] e o)

2.2 RTL/MCSS| 2% 2|

AA 7 w7 EAlo] 9hoigl RTL/MCSE C Ao
9] NE 7z AN ZEaggdels] ¢ 27
A A A P4, 519 YA fFo) Was A

#Ed ARE AT AS EFFX3, 815 29
33 Qlth ol & EAFRE AAAFE, ATAF
T2, 28I cycled A|Jd7| A% EFEZ FAHE
t}. 229 29 RTL/MCS 9} F 8 B3¢ 32 EBNF[I]
g Vehg it

2.2.1 A1 ZF A gk &

Mdelay: A1 A A2 (delay)e Y =44 (word _expres-
sion) 2.2 A AIZHES cycled] A3E FA A
g delay until&2 JEFHo R Fojzl A|ZHcal-
endar clock)7}A] cycle?] A3-& 2] A7t} 214 A
748 o2y TR W] AA scan A|Zhol] H) ¥ dle]
ARt

@within: A) 7HA] gH(within)E-2 E3E50] 43 5o
oFg 1} Al 2Hdeadline) & 2179 3o}, Timeoutd & &
FEo A Aol AF AZHE E2FHEA HA FA
CE R =

Bevery: 7] 3 wtE-H(every)2 A F & F7)o ulek
A EFE MRAHoH HYAD F, Yoz
AAE AZNE FUIHeR BFE] AYHH, of
B} F71e EAEY 432z #Agle] Ao
A AIZF VA g ofnEhn, A3 EQ cycled Y4
Hog Qg AlZkel A3 gt 7bA] F A (suspend)
gt

22205 F 713 =

@O wait: d] 7Hwait)F-& v] E42)(bit_expression).L.
2 FolR dejrt Fol EartA] cycled] 43L& FA
(suspend) A) 711}, oluf = H cycle? 2}z}9] scan cy-
clerttt Fdxzio] Hrislo] Aaprt FAd cycled
#Agstslo] g 2057 FEE g F4EH
dgo] A e},

@ condition : o 213} 2] #(condition)& B E 2] o] 3
Ao At v EF 242 vl scan F7] vlt} do §-9
BAEC] A=) Aol HrrE3, E3cycle Y-S
T A7l dus 3L X A gHorg
th 0 B ESA 9 Pyt Aetst A3 o] on excep-
tion o} Y FF do¥ o) F 9] £ E°] dPd).

Qwhen: When®-& #0902 M HES 0] FY
At desHe 48 4Y8F wheniE2 Hojdth
aev 27089 ghol 2% AR s cycle2 4
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go] Feslo} 2o shetE BEHW YL A
Mk 22EZ when®2 Adad] selecti# 7ol
Mg cycle§ ol FUHE THatA AT

2.2.3 Cycle Alo| &

Mstart:Start¥+-2 89 cycle-S &4 3}Hactive)A] #
A& 5 (quene)ol] F7H3tE 2 A thf scan 57158 4
YAt gA3E cycle AA2EEL #4082 A3
(scan)®] 7] o) Z-ofl F433} A1) cycled & sacn F+7)
of dPHuh =3 startE-E T 7|29 cycle®
suspend ¥ X ¥+=1}

@call: £&(cal)E& 329 cycle 843 A7
ot FAl 55§ cycled & F 3 cycleo] FHET
7HA] A3 o] FAEY, 35T cyceo] FEHO &
Z% cycle®] d3jo] Aol call b EFHE
A3 A},

Qexit: T H(exiE 2 AR HYZFQ cycled $8

delay_statement == DELAY 1" word_expression ) ( MSEC | SEC | MIN )
{ DELAY UNITIL word_expression ' word expression
within = WITHIN word_expression { MSEC | SEC | MIN ) [ ON TIMEOUT
statement list ] DO statement_fist
every = EVERY word expression ( MSEC | SEC | MIN ) statement lis!
| EVERY word expression { MSEC | SEC | MIN }
WHILE " bit expression ) statement list
wail statement .= WAIT 1" bit expression '}
{ IMEOUT  number (MSEC | SEC | MINI |
condition do = CONDITION (" bit_expression '} ON EXCEPTION

u st DO it st
when_statement = WHEN bit_expression "' stalement list
{ OR bit_expression " statement kst }

TIMEQUT word expression.
start_statemnet = START cycle name
exit_stalernent ~= EXIT

retum statement = RETURN
if_statement = IF (' bit expression ') slaterment list

{ elsit (" bit_expression )" statement_list }
while statement = WHILE ‘(" bit_expression ") [TIMEOUT number

| COUNTOUT number]  stalement kst

forever = FOREVER stalement_hist
set_stalement == SET (' bit_term { " bit_tem } V' { ON | OFF | INV }

t SET ) bt term { " bit lerm ] ) TO bit_expression

let_slatement == [ LET ] word_term =" word_expression
word_expression = word_expression { +' | =" | 1 f | %)
word _expression | word term
word_term = word_name | number | word_function
bit_expression = bit expression (‘& | ‘I | 1= | )
bit_expression | bit_term

bit_term == bit_name | bit_relation | bit_selector | cycle_name

t bit_vector | bit_function
bit_relation = word_expression {'<’ | '>* | '<=" | >=' | '==' | ‘>’ )

word :expression
wist == | LI Y

cyde == cycle_name ‘(' [ scan_period ] ‘Y’ statement_list
program == main_function { cydle }

J&! 2. RTL/MCS +&2| EBNF
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AlzIct. T cycleo] calte]u} start&of 9)3led A
#9355 cycled exit thg EARE AL 2
Eia=

@return: Return £ @) 43852 cyded Mg
43 3Hinactive) AJZIch. A A3 F9 A& s
27 A& callojr} startFoll 2|3t cycleo] T}
A F cycled] AR FHRE Ao 74 o).

2301 =28

thel 22 e E =EolA A Qe RTL/MCS
of m oy gz A4S 7|ewys Ay
A% DEEE A4tste 258212 Aojste o
Alojtt. 219 33 o] Awlojojo] 2afiA o] EHE
7ol positionl A FHEFE FU3HI position2e] A
2 HE o] &3t nprl & W3l YL .

%Y 49 TPl A main()e Fo)7)9) AP~
Aol olsiA vt gAsE e FPgoln, W
o 9= 713 AA Q) on/off FERE YEM
o 22 oo A e R E H5Ee] 8 (type)
# AL Aol 719 9I&Y F Ao vfg oo} 37
o &-ol Alojujgel] welr] Hojr e BALEY v
(configuration tool)oll 2]sjA A A= o] dlo|EslY
Aokl ol A FHu).

<— up_motor valve_sw

<€— down_motor '/

controf par

LB

LAMP

199}

COUNTH

** 4—* conv_motor

position2

<
up_sw

<
down_s

position1

O3 3 Mes AT

www.dbpia.co.kr



BX/ARNT 425 @ AN T F Aoldoe RN

cycle injector()
{ whie{+operation)

mainf)
{ wai(+posont).
{ counter = O _
setivalve swh on:
watli+start)
delayl 5) sec.
if(+start) {
sellvatve sw) off.
wail(-stan);

set{ful_can) on:

set{operation) on
wait{-position 1):

}

setiup_molor) on.
wait(+up_swk
stant conveyer():

}
}
cycle stamper()
{ while{+operation)

start injector() )
{  wait{+position2):
start stamper():
set(down _moltor) on:
start monitor{}.

wail(+down_swh
setfup_motor) on:
counter = counter +1;
wait(-position2):

}
cycle conveyer()
{ while(+operation}
{ setfuli_can} off.
set(conv_motor) on;

wait(+position1);
po cycle monitor()
seticonv_motor) off, .
] { every 500 msec while{+operation)
wait{+full_cank:

{ if{+stop)
set{openation, op_tamp) off,
set{co_lamp) to conv_motor:
set(va_lamp) to valve_sw;
set(st_lamp) to position2;
) counter_led = BCD{counter);

set{conv_motor) or;
wait(+posttion2):
set(conv_motor) off;
wait(+down_sw):

L }

78] 4. RTL/MCS oA =213

. RTL/MCS2| 2jol&y

o] Mo Al & RTL/MCS?] F8 & E] ¢ v
BA 22 W3 E redith

3.1 within

within¥-& 7857 dais e A Eoln & o
g3sjo} &tm, RTL/MCSS] F7IR == Eolw g
AR 3T A Ast7] 98 SetTimer®} DeleteTimers}
21}, SetTimer+= |} §A) 243} timeout handler& 474
g 4 Ut within® & $72c2 FE¢ de &7
2 A Z3HA BlolmE HAsa FEE uFA A
ol £AF2M FHE 5 Aot &L with-
infol g FA s WY ojrt

2743 = SetTimer T002, 100, LT2A TO02= 4
AZF Timere] IDo} 3 1008 A §HA)ZF, LT2% time-
out handler 819} #o]Eoltt 222 timeouto]
WAl s ol B LT2 o) Ue FUZ=Eol 4

UELS
within 100 ms SetTimer T002,100,
on timeout LT2:  Jump L17
{ TimeOQutCmd = DefaultTimeOutCmd; Push L_47
........ Pop R-reg
........ Mov OxEF04
} Push 0
dof{
B1Status = DefuaitData; Delete T002
...... Jump L18
...... L17: Push L_19
} Pop R_reg
Deilete T0O02

Lt18

3.2 every

Every®& 43 € Ajzte] 718 /A v e
cycle® ¥ & 3P g} welbA, every QA Timer
& AHgsle FUI=E ol E3td 7dE # Qlrh
0L everyd] 2= A ol).

by

every 200 ms {
D20utData = D1inData /60 + temper;
if ( D20utData > D20utData ) {

}

L4: SetTimer T0004,200,Default TO
Push L_23 A
Push 100 ‘~__
MulWord T
Push 60

SetTimer T004,T004 ETO5
DeleteRun AutoCycle i3

ExitCycle 14
@ ====--- -

ETOS: AddRun AutoCycle
DeleteTimer T0O04
ExitCycle

.
O

D9 SetTimere A FHA 7HE everyE 9] AP F7| 2
AR oot 437 Yol every2 o] 4y-& npAA X
3wl }E Ao 2 defualt timeout handler7} 3% ¥ o]
zgagol Ago] FxlE) @9 SetTimert every
Fo] AT 719 7402 Y8 5 UEE @A
AXN7ZF glolmo] golgle & A4 A (reload) 274
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33! timeout handlerol]l A cycleg 7] ® 9 X o A 3
B Al A3 = JEE Joh 283, @9 Delete-
Rung o] &3l every®o] 43t cycled Ready @] E
ol A A gl @e] ExitCycled vt ol cycleg 4
e o AZFYRE everyF o Ao A A
g}t @9 timeout handler(ET05)& % A ¥ (suspend)
cycleg HAF77F AReS Az Frh8ido
cycleo] AhAl A + AEE g}

3.3 delay

Delayf-2 A& A 7F 5 cycles] H3-& FAA1A
cycle?] e HolE 2o It} delay®2o +HE 4A
7+ elolv] & o] &3t} th& 2 delay® 9] F7h5= W
9 HA ot}

SetTimer T010,120,LT4

DeleteRun_Acycle %
ExitCycle 1 e
v, Tean (1)

defay 120 ms;

LT4: AddRun Acycle T1®
DeleteTimer T010
ExitCycle

el R MY A D9 SetTimere 24§
AZte 2 Timerg A& 32 @2] DeleteRuno] Cycle
& BAIFEHE AAF} @9 timeout handler$)
LT4= ThA] ACycled 43579 371383 TimerE
A A gt

V. RTL/MCS S| Al#AIZH 24

r-In

4.1 RTL/MCSS| H8iA|ZE 247]

RTL/MCS9] 2 B3 @25 g A zte
MET(Maximum Execution Time)2}3 A o] &y
RTL/MCS®] =213 g 3o} A8 Al 7k WCET
(Worset Case Execution Time)e] 2412 ¥ 19]4] 7]
4 & Hhrg oy ;ﬂ)\].g 2= 9‘1‘:}

HoloA Risute ol das B E vdd ¥
ANALE 2t A5 Az §ho] € it 9
Beolle 218 W3t ﬂﬁgﬁ}n then -3 3 wH
ak2] grol A3t elset 29 APAE g 2
Ak 2H AAshed dele A1) ol ifEe]
of dal Al zko] ¥t whileW-& F3 HARA 23 H-A
(body)el dafAIzke] Flol X2 aefuz} x4 8 77
(bound) & H3IA A whileF& WA L} wfeo] =

21 FAPAIZHE ¢ g R o) whileF-2] A3 Al 7ko] do).

B =RoME Unixel 7%de] M%7 yace
& olg3lo TEE BAista 3 /Lizs A A &
A Al 7229 (timing slack) & WA &l BRI E 9] H
ot dy AlZhat Ao g 23 o] scantimeg ¥4 3}
th 4.2 ol A] HE] A8 & o] §5te] APA|S
BAsle A4S 2 NEE 183 scantime

WAl sl mA M08 A 7% e,

3:9.#

4.2 ifEe] HEAIZHEXN
W= A AIZEAM) TEE AP A

E 1. RTL/MCS #7342 2 of dfA 2k A7y
T 2 o} o S Al ZHWCET)
FHAHAN T MET(®&)i-1n
ifd MET(ZdH) + max MET(thenli-1,n, MET(elif)i=1,n)
MET(#H 3) + LoopBound*(MET(body)
while -
+ MET(ZH H)
ift ¥ gAY > MET(body)) then WCET - MET(body)
within else WCET - #g4¢F o
it #FF71 > MET(body)) then WCET - MET(body)
every else WCET - 487/
fimax(MET( &1 d)i-1.n) > timeout) then
when WCET- timeout else WCET - max(MET( & #)i-1.n)
diti MET(EH ) +
condition
max(MET(on_exception), MET(do2] body))
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BX/AGN L Bt ee AN T E Aol THIY

(timing stack) & A3t £RE W& FHA=A
Al zhzhe] Zeoulgt HYAIZHE FUAE HY
A7y Hol B2 e glo] Z2Hd A3 gHakste
wplo g o olm A& AMEE & 19
A 1§ 71y el o st

o] AeA|zt e A4S parsingdtr] A
stackol] A]7+g A &Fal7) 9% templetc% 2859 D
3} 7}o| pushdtct. o] templeted] ZAZALE H8) €.

3 AL ol A3A 7k A s}, t1e] i, theny &
& parsmgﬁwl Mol 219 501 @A 4
3t} o] templeteo] then¥-# &
AAscy, wpz7bA] & else B &
g 5o} @3} 7ol templete push&l 3 o] templeteo]]
else 5 o] A3 A 7HS 7] 28},

if3- 9] parsingo] #iubs HEoA 19 59 @ 7

o} then’:4 2| templete} else -+ 2] templete-S AU
& 2E 2717449 templete TiEl 4] 719 W 9
o #ol W templeteol] o gt

templete-8- push
FAEY dYATE
parsing3} 7] def 1

EUHAL
templete
...... then
} templete
asey
..... s .,
1
..... Y
v
)A \
H s
T
\
'
v
v
'

[ o
A A (emplete.
lempiele+ H
-_’ elsa |

templetd

28 5.if% ) WA B4

43 while 22| ABA|ZHREA

while5-9] AAZFRM L 98 A 7hAgo] ¢
Wl e g 7ok 2y 69 QM MY 21394
& A #4 5] AR A7 AF templete

& pushdti @ollA FRFE2 AP
7} 9§t templete- push &}

whiletto] Euhe HEAA A3 A templetest
B4 2] templete-g stackol A AU A F templete
o while-9] bound & 33 A% 24 A9 templete
o} 7S & stacke] W 92| templeteol] o] e}

e A

EAGAM
terrplete

.
} Y s#HEE
i B templete
|
. AN
H .
\
\
\
\
\

EXIE BuRE :
-_’ templete + -“’ templete | X bound:

N T

templete

.....................................................

2% 6. whiled 9] A8 A7 A 74

4.4 AZHAIZH Scantime) &4
RTL/MCSE 24 € dAztAel Z2age] 43

b5 BEAS MY $4Z20Yo] L3 F
o] AjZFe 2}el Scantime2 T2 vzt A § A
Aol A H87HEER] EMEe 45 + AUt
ol 7z} scanF7|o A FAloll 84 3lactive)® cycle
Eo AYAHE BF @A 3o

221} Scantime®} #4118 7} cycleF-3 <kl every,
wait, delay, whens¢] ¥#AEo] cycle2 HYPFo
(suspend) AHel & A o)Al 7] W E ol scantimeo)] ¥ &
&FE 7 oycled] AYATHE cycledol e BE &
Ago Ay 7te] b} o= & scanF7]o) A
5o A8 5w EAE A28l 7] oFo scantime
BAE 9% Cycled] AAI7HE o] BZES AR
ydejdg. axeg Yo d AAEe] dyAD
M 7 & NS 4 cycled 2 A3 Bl EE
A 299 Ao Scantimeo] © ). wlelA o H
¢} Scantime©] X g 18] W7} ™ A] §F scantime FLE T}
Zow AAE FLEEY L FFAo7]dM LY
7vE &hAl k.

1371
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29 79 OA 9 cycle® o] Al 2H8HHA] time templete
S ~d o] Pushdtt}. o] templeted]] 2t B E 9] Al
A 7re] A Al Et}. delay, every, waitF5-& wh}
H 2y 79 @, @A ¥ Z}2} time templete-2 Push3}
o] z} templeteo] A3 A|7+e] A7t A} Cycle
o] oAl 2" Pyshd templeteFo A 714 &
e 7+ Aol H9 Scantime EA{ o ¥R 3 AiA
Zho] o). opatA, A Al 2] H ot ScantimeE 7} Cycle
& BAE Az gl dojxzl7] Hde R
(load)& ¢ g Aol €}

time1
N templete

cycle ACycle 4 K

delay 50 ms;

delay 120 ms‘:,

....... XY @ time2
* templete
} ©) ,’I .
- tmes °
templete

13l 7. Scantime 4] -4

V.RTL/MCS?e| #+#

B =EdrME RTL/MCSE Unix@4 A gnu
ct++, yace, lexE o]-&3td 7@ 3l ). UnixF73 ol
A F&EF RTL/MCSE AA 7R FR o2 o F
oA 1Y 8 Unix@F A +EF RTL/MCSQJ
T Bo|x Yt

diojA g]7] e} kR (front-end)o| A+ RTL/MCS
9] BYo g o]Fojz PARE(source code)E ¢
Eo FNI=E AT FEEAN A=
RTL/MCS &9 £¥& A8, 53] 2219
W7} within, every, delay$ 9] 234 U] Z(nested)
stad 71&3k AR BAES BldAe] ASEn
oln] B4 7oA s FHFI U gHEF o] Ha A 2o
2ozt A A S scantimeg WFde=A] BAHF
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. Fa= "3*37]E Z=g A3 F=
= Aol Eg FE3y :'i*’él‘%"] HA AYAzt
o] A4tett.

Aol A el 7] 9] Fuki(back-end) M & FHA
A 2E 7} glojEd Hdaggdn) Fhis
2 ¥l v 4 A 7HE Y (real-time clock)& o}-8-31
e o] E(timing table)g #alsted A7} A¢ E3E
AY 3, cycleE 2] ol AR Aojste] W
Ao HAYPAA Fu}.

o |
> T

& L AN (o

source code E2R =T
_________________ —
(e | N
kA :
i : L BURE
EYOPN olef =2 Ef
B N suac
N AlBHAlZ
slojpar)| ! dAAZ
S : Hol &
. [afieie "
i I I
E7tac N o édﬂ":
el 0 » Alg“;}: »
M7 e =Ee
T ! 2471

212! 8. RTL/MCS

5.1 cycle2] &

RTL/MCS2] A= Cycled) 434 48L
2180 CycleBlock 3 Cycle & 2] & 4 2] 3} t}. Cycle-
Block& 7}7}e] CycleS A&, A3y s a2
o] 3, Cycle2 CycleBlock¥ Bl & T8 E 7} Cycle5-&
e 4 HaAAge 883tk 2y 9& Cyclestd
CycleBlock 2] e &~ A o) & o]t}

typedef struct CodeBlock_tag {
Code Inst{IBLINTTSIZEL class Cycle {
struct CodeBlock tag+ next: CycleBlock* CBstMAXCYCLE] !
|} CodeBlack: int cycleno: }
Class CyeleBlock i
char CyeleNamelMAXIDSIZEL  public:
mt no. Cyciel);
It statusg void LoadCycleName(char* )
CodeBlock« IB: void AddInstruction(Codes )
public: void ExecCycleBlocks();
CycleBlock(char *name), void PrintCycle();
void AddInstruction(Code* code): K

void Exec(): i
I e ) e

713! 9. Cycles#} CycleBlock 2] &2 24 9
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/AL A5 A I F Aol FHEAY

CycleBlock 2] W 3}4-¢1 Exece ¥ 782 Cycleo]
71241 & A Etz] Agk g4aeelnt 28l 3, Cycles
8§15 9] ExecCycleBlocksy= Cycleo] & &3t gl
¥ Cycle 212529 CBs We| CydeE 2 A3slr] 9
3 ghepolth. @A) FHEE RTL/MCSS F7HAE 9
HEgE e 22 =-24H(Round Robin) AWy &
71808 wrB A8 (cyclic executive) £ & FHFHYU
t}. ote}A], ExecCycleBlockse] 7124 &4 & 19
103} e}

2y 10914 A3 A8 7] F(Ready Queue) ZH-¥
A3 cycle?] QY28 AL H 2 cycled W71 F9
Aol Atdste AHE T b= En W gt
B g)o] o] Fo] ). ChkTimerTable()& E3) # &
A 7H-2 A% handler® FolA timeout® cycle® 2
Ay}t Waitth whenst 742 AW 7| FAM 43
g 2108 dFHEE AASIY aFdqA z7o)
T cycleE & 84 3Hactive) Al T}

void CyclelExecCycleBlocks()

for(:;) {
I - Ready.Delete():
Ready.Add(i);
ChkTimeTable();
ChkVariableTable();
CBslil -> Exec();

212! 10. Cycle2] ExecCycleBlocks ¥l 4] g4~

5.2 TimerTable2| 754

Unix $7olAe 2Pl A3PA)7HE gettim-
eofday F+E o|L 38l nlo]A 2 E(micro second)
GA7A FAE F dd. 2B B =EdMe
A A BFEL A2 g fste} AHE" A7 g
o] &= TimerTableS F7)H o2 7JAste] 18
goly Holge T2E 29 113} Tk 2y 119
A TimerTable2 TimerTableNode#tv F% Ao %
QE ujdoln uldel 7t a4kE AAZ AZLEo]
g}oln 7} @l

TimerTableNodeo}j 4] TimeName-&-
€ YElN Y HandlerScope TimeHandler7} X3¢
% Cycleg YEbd o} HandlerLabel-2 Handler7}
Foe ol Handlere) $91X& debll& label
€ A A%ct. HandlerLocation® Handler7t ¥3+g
et cyclew o A1 2] Handler®] # instruction?] A]
2t 9} =] o] t}. timeout& E}olw 2] timeouto] WA 3l =
AlZHeg M FAeleE WEE Timersd 2713089 of 3o
A ). timeout?] & gettimeofday( )52 32
2 A ghg o) 83e ZAtE.

Timer2| o|&

tydef struct TimerTableNode_tag {
char *TimerName:
char *HandlerScope:
char *HandlerLable;
char *HandlerLocation;
long timeout,
} TimerTableNode;

TimeTableNode *TimerTablelMAXTIMERTABLESIZE];

718! 11, TimerTable?] 2

53 @k g Bt
B =8ojA @S RTL/MCSS Fudy @ 2
B, AgAEA7 & Linux(Kernel 2.0.21)7}
A 2 ¥ Intel80386(clock 33Mhz)-& CPUZE &= PCY
Al FE UG Linux £90A S A4 3§ o]f& SUN
HPAFS} UNIX A A R} 894 4 ) of) o) g
4“3}7} Ao WA vfo]laARZAR AZEEH ) 7MY
33 lex$} yaccot 22 S5 AR L A7)
o) Folch,

53.1 F7r3 =9 AYPA 7 2H

¥ 2& Linux(Intel80386) | =" o} A 8 RTL/
MCSe] F7si= QQE|ZelEle] 9 FNI=EY
AHAZH D A= ms)olth ole Zzbe) FRASEL
Ay Aol A2gle] AAY FHE B8 F
ez Ao AAALE gojA Azt en
UNIX Al2"e] E44 Azt 27 47122 10000
3 dA st} FEg FEkdoh

N

1373

www.dbpia.co.kr



REEEEARLE 976 Vol.22 No.6

¥ 2. RTL/MCS $7+3=9] AgPAzt

! ‘% ‘] (n S
— - e Tﬁ
PlehWoxd (l)\ Exee_Push \\ (nd It J )() )
Pushw J; ())T ee Push Word | i oo
et | b i | o
7#%517(&’7\0{(} ok Lxcg Add\/\r()ld( ‘ ().()Iil
MulWord | Exec Muled() L 003
) GTWord - hxec GTWord \ 7 1,034
 AddRun | Exec Addiun( | o.ozéz
7W[E3tel{unr i T*b:‘(ec DelcteRLm 9] i ().(M7
| SetTimer | Exec SerTimer) | 0165
g&lﬁe‘te'l‘im"eri» Exec DeleteTimer) | 0097
| Jump | ExecJjumpO | 0064
JumpZ | ExecJumpZ0 | 008

5.3.2 A7 2 A

2 =EqA FET YA BHIE §8 22
aPe] AYPATE B 4G A% A
FH &L v Eoh 2y 2oy dA o A
3 A7t dEe 2RI3g L Alee A
HAQA AR 2A oEdte A4E wAD 2
3 12& RTL/MCSE A Zaagdo) AalAzt
g&g Btk B 19 132 cycled o &34
o] AP zH e S HHE bl AT

RTL/MCSZ A4 E dAZ2 a8 B AFoA
T3 ZA(target) Al =HolM HAYT A o H3
A7V W o oF 10% Wl 238 m . o
= Linux7} A| 28 A2¥og ZHEAP dRoz
Ao 23 SgAA ] A gat F-3Hload)E A4t
g 4= QA7) A Fell 22} 7h A o] KTt

O

Cycle Name -> Acycle

Predicted Execution Time for ScanTime
=> 67427 ms

Cycle Name -> Bcycle

Predicted Execution Time for ScanTime
=> 149381 ms

Predicted ScanTime

=>z6808ms ]

a2l 12, 2218 ScanA] 7F B4

1374

Statement Name -> (within 100 ms) in Acycle
Predicted Execution Time: 59.120 ms
Statement Name -2 (within 120 ms) in Acycle
Predicted Execution Time: 49.814 ms
Predicted Execution Time for Acycle

=> 245179 ms

Statement Name -> (every 500 ms) in Beycle
Predicted Execution Time:: 38.473 ms
Predicted Execution Time for Bevele

© > 69334 ms ‘

213 e Ay AL B4

5.3.3 W7} 9 3%

B A7 A MA ¢ FEE HAZE i EA o
ol HIE FEEokE vy & AYLAE 3§
she WZAY EA o] 2 gh st A RE A A7 TR e
gaole) Aprt v FE FldA Mg Al HUAXL
ATFdte] Aol wrh=d 9ulst loh

et 2hg) 2bEsl WokolA HEAHE SR
A = F-drohs J 438 A 2~ g (embedded system)
Aol A get E4 28 dYstod o)A st
In-ciruit o &) o] El(emulator)\} 232 ¥4 7](logic
anlayzer)g o] &8t A &3 AZFH o] o] Fojxlo}
Eig=3

g RTL/MCS A o] d3A 7S £431d §&
z2agel M 7he) wrg E ool 4 ghet AP
of o] 78] A Aol

ubzbA] Hal 4% WAy Aade] ZEAAMR
7h4 o] AHE-5 9l E Intel8086 vho] 2 X 2 A A)
B HAA 2o z3 RTL/MCSY el Zajge] B
¢t} o] 21 F=x1Ek . At

£, A3t scan A 7He] o F-& A3t HYAH
Axtel] A A4St E cycleE o] HPAHE 3
3= 4 EE st den, ol RTL/MCS
9 cycleo] L2213 HH oo o3t FAHoz A
Z}H(creation)s} & & (termination) X AMe) A o) 7} o] F
A =B AASY7 W&o e F Hojr)h

Vi.d &

€ ATl e FAA7INC), 2RA7), T2
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B /YA AF7HE AAT AAUF Aojdels) FEAY

2P HA 7 |(PLOSZ S TP g A
2de] Aol HEE AAZ HWFAUE Ao
(RTL/MCS)E AAIsz F878e Aatgct.
RTL/MCSE AAI 22l AA] Al 74 §He %)
FEA HEY & Az, HEHL AT Ao A%
8717189 AL AAUE Aol TeaWs a8
How ANY 4 At

3, RTL/MCSe] A3AHE4 7] RTL/MCS
o] AZHAE R-Eo] APAI7HE BEA k] AAE
z2aye] Ao T2aPe] etFAs 4y
e E dEg 4 Qona ukRAH]l sE o]
ANEFol e AM Zaade ARNe HFEW
7122l AAZ Aojdoj S niste] AlZkd vl 4L
aA g & At

w2 A7 A4 EYHA QrEgade A
b Alz=d ) 2AEY 71 A7 AAY T2
gygolel @ BAutde Ao EFolPRoR s
&, 538 Az vjgte FFEHo Qe 9
o] 7} E 2 Y] A (mechatronics) 7] & dA o] £-&0] 5 7]
2 7]
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