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8 9 24z me W(reactive) AlARollA MR Ak WhE(reactions)E el spFE Ald
glof sty A7) 22 glen 1% do B4 (simultaneously) 25 APl AR (events) Sl o] &t
WA e Fasie), dhbail ol Atdle] Ao} 4 Hele AT ol (predictable)slr] §
E Aagdg %E ¢ A dEelr) £ =¥L vEAA (nondeterministic) sl A2l 43 (behavior)
£ WA (explicit) 22 Al & 4 gl 24 2AEH A (comprehensive scheduling control) 2]
g AATE Aled] FHdeld Adas] 2447 Bt ohlal, AR g defal Statecharts] 23Rl
ol{race control} ¥ E)F2 23 "] WA Aade] Ao & AZ2RL £ 4 ot WS A
ARl o|sjate] wiAlElel FHelold] ddAgle BAA ~AFYA G ALE vdds) Aygwe
e A2y EYoss Axpyes A7 Aay AL #3L g 5 9o

Abstract It iz common for real-time and/or reactive systems to face a situation where the
system has to make a choice among a set of possible contending reactions. Several events may
occur simultanesously and an explicit choice is crucial. The lack of an explicit control to the
nondeterministic behavior may result in unpredictable and unfair systems. In this paper, we
propose a mechanism to guarantee a predictability of real-time systems by means of imposing
the comprehensive scheduling controls explicitly on the real~time concurrent programming
languages such as Ada or Concwrrent-C as implementation languages. We also introduce an
expression scheme of the race control which is one of the comprehensive scheduling controls, to
the wvisual specification language, Statechart. This consistent application of the scheduling
control mechanism to the specification and implementation languages enables us to reduce the
gap between them which will consequentiy extend the development working environments of
real-time systems.

LM & FAe}concurrency control)?l FL% 2L F9 &

AAZE wls deeAsde KA pES(event~  HOITh o1H AbelA olid AAPYEL LF7} gle
driven) 2.2 ol W] A (stimulidel #egle]  THER WEE FolA dtE Adaler & b gint
wresin Teld FaAE o 24 suje)s] wid] = ARE Jlol & A FF) WAE A4 94
el a4% AP Ao vFhSe] Ade A 5
At HEE & 4 gleh 2, AA7 sy T2
28] del?l Ada(1l, [2]1Y} Concurrent-Cl12]15-¢&

o] EEE 10959E FITEANE FHAAGTE Ao AEM o

T EHRE.
38 9 Ayt ARALTEA as Ax~ely) vAAA AR A WA A (racing)
tt 8] 3 % . [hnos Institute of Technology HAMER 2 o, 5l e ol i ofie.
b o Sl o T 220 BAHLE AT + Gt A%l Aelslel gl
w=BU4 19949 89 309 At odel  ojul(language semantic)® A=
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deol & &S AstAlyle fgler At ofd,
Alxdz Z2oe) vdydAd AdE Ader A
o0d = Sl dlzhdEe] AFAS9], [10]ev} AF
Aol "AH sHed AE FelA ol AYslspt 3
7} HL gl Folel AdEEs ek AR
A S AAsle], 239 Joe Az (8o et
e}

AR Fele B4l e AxH[3], (6)%
THeted FRE, A2 o] He &4 x2

a9s & siAselol Wk, YA wew Yukde) A

o€l Wi e E aAlMgsle 28 &2 B ohlsl
e Asl7)7 8 L5E Ad Azse] d £ gk
G, AL e 9 Aagle] A Algyos g
#As}7) ¢15) ek Statechartys W43 ddolz 414
T om= g AawE AGYsied AREEY g
(embedded) Al~®2] $-4[20]o Agsich, e,
Statecharts AFAAE WAFEE ¢ de 7158 7
Az glA g}, GAF gleid] 2AEY A driE
o] HZald Aladle Ale] pdd 83 AlTEA B
glo] Axbrog EyAsh d3alr) P89 AEE 4
@ T 5 sl Angd g £ glAiEe

B 2P g Azde vERAES Qg 5 de
A 2AERA e AAZE Alag]l FEdes]
Ada ®E Concurrent-CEol AgAlzezy Ajad
TH A oA AdE TAH R ddAd ¢ e W
HE Alokele mgk, Ak x-S 248 Ak oA
3l =74 Statecharto§ EZF ~AFalAs sk
¢ AFAe] g 2o Ezg Az A &2 o
Aeolid HA)Eel Fede]zte] d@AdL FRsk, o2
A3} AHAEE 2347 84S AAT 5 A gk

2y AL oheT 7 AR AFAY
2] F1Esde] 23bE o] gle ¥4 ~AFEAY F
FE Avlske, Ada =& ek AR Halsde] 2 ol
g de FHE BelEr), 33l Statechartd
el (state) ¢l #el(transition) s =ste] &5y, 4
Aol WAE AHFEA] AEdE Statechart® 3
gz, 2o dlgsle Ada 2= AHE BelFEr) 5%
AMe HAH 2AFE Aelg] & Ada-9X® )
#az=(Protected Record) [4]F Algdle] Holfud,
o g gafella] AEE sleEdch

2. Zay AMEFAMOL BF

2.1 Hiy
sehFoteld] ¥F{classification)® 4] @k v}

s AlTE B oldel AR iy Ads: 4
oA g o S8 JEE o) A8 9 et 5
71&5E, AESY BAE BF AN daes
2] A7} BAeg v}z polynomial time}, #Alc}h
FA)ZHpseudo polynomial time), NP-hard, NP-
complete, ®E 5 gt ¥A5L2 BFie Aol
zzel,

ol@d el Bw] Wiy AAIEY Al
e AY] B R AEE 59 AnkEe
(semaphore), 2\IE(monitor), %elH(rendez-
vous))= FABIE W58 1F3she Yot &
e 715E AFsl & B ol & AAd A
A Alagle] Ssks AAEY PAd 2gse |
A% o 48 d-2(specificationto-lmplement-
ation mapping)® %4& AT £ 9o},

P, y=a o dejel Ada®] =27 (tasking)
Rl g da M2 o dllzEd E4e
iy Wadae g $YEs damEe Y4Pgesn 74
ol glel Beli o7l Fe fam3ke] BAS F)
Feled AMgEed, & dazs o2 gz de
2 (entry) & TEsI 555 damr) dEE] A4
zasle] 1 $&E PolEU (accept) WA ¥=l7) |
v} Belur) deple A 2EY Hime 52F
H2z28 A4 Aaag-s 298 €A A5E ed
o}, oeold e elize o2 g gAmES
AulAag 7} gleh e s B3 dazg) e
£ 7] ks o8 o8 damgy $&0] ojfe 4
+d o} 5l HF Auja A7) Alale) AR glA
@ov g uAAM (nondeterminism)2l =471 A4
t}.

wWadelea olgd wAAHY e A
(fairness)®] A« 2Z®Ec}, FHAE B2Asiz] $
T A7)0 REEE o) B Pz e A
84l o] rlel(starvation) &A7} LR} =3l
AlAke] A efe]l AZT AAZ Aadleld HAAH 2AF
# Alejrde] ik vlAAYQ AMgdA £4EH)
Hd ez} Aldsle] ddgemag 915t S83 H
2378 wpabA 7S HAE ¢ fle A 2AE 5 gl
7] wlie] dl&Ado] AoiEl A2ge] H 4 g)r}

gE 2AFY Aol 2 944 whE AR (A
Edol4l) v g vl o ale) skl wbge
qlejrl FAAe]lm 3t Al A atzd
& AdsiA] Ry AlAR AdaE 3A 7E 2
o1z} Apgshe rPehe AREshAl Hu wleba] Alxg)
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& ARlE717E olglon, HFe] BAlsbe, e W
£ x#o] "aslA gk ol 4 oW <lelg] 7]
Sol vk FIFO 2A1EYE Adste 245, o9 &
E 2AEY A4S 2 @ e el 2zt A4s)
= A AA Rl AN FuE o 5

}gle}, olell uksle] waAlEl WS A, A%, 4
& Fad A paldt = glr] wistell ARgRblAl §-54
o2y ooy fwkAgl TS Alge £

e o] A AT wbielles M2 AR
(trade-off)7} &A1, HA)= Wb 239 9l
o] HAA Fx7l BAslAA =9, UMl Fads
v} glelel Alx¥l(run-time system)e] B3bde]
w7) waell qlele] G A zebgel b gkAlA
e AlEze) oA, AAMSAS BAEI7E 95
Pk opdel AAZE Aad AR dEAE FA 8]
b olgdeh, wheba AAE Alagle] 8 AlERE wHEs)
7] glsted i WA AAlER Ale] AAe] AAzL A
28] AEA] S AR s HH ¥ P gicks &4
ol 4] Bl JwpA]Ql Hhfela}t & 4 gl

W el oA AMEEE EE e 24
) A2 #she xudx ~AEH Aoleba g E
g4 ~AFY Aeles & Alel(availability con-
trol) ¢} AFAA R vrelFlch (] 1), 28 2AS
W Aele] A Elrad[8lel o8 Ha2 svl=gle
w}, 2%F QOlsson[22]¢] &3] o5 Walw ).

~N

o]

RPN T
(Corpredenive Scherkiig Girirel)

24331 (Fae Corral)
S AW A SR ]
(Conmurication Cerirel) (¥iats Crvo) (Mol Chrerol) Gy Qureml)  (rofermee Coreol)  (oreurner Cortre

74 By Cenec)

a8 1 ¥89 ~Aedy BF

2.2 712H0] (Availability Controls)
7HeAlo] = At (selection)S $lsl4] w]ZEAA] A
9l (nondeterministic choice)& 71-%-(enable)s}Al &}
7 BrHdisable) skl 3= 2AEY Alojo|c), o]
# Aol AlaE] o] ZAY o4} AA FHL wa)
o 27e dieR sl=(guard)E AMEFReEM
TAE 5 glor, A5 2l 7|dEe FRE v
(erroneous reactions)& WAlselst g}, 7hg-Ale]

) = gl guls 2 slEar AeRe] Helx
g Aosled, 27E SuE Y74 & (execution
path) & 2As5 Yolo| clfel Faulolo} al=#E
A g},

1Al defdlg 2 g% (alternative action)el
A45= 2 g2 A (constraint) & HdEtr] 28
A EAAe}(Communication Control), 7i¥A]o]
(Private  Control), =z2lar  A&EA|e](Mutual

ControD) 2 ¥}

e £ 4140 (Communication Control)

EAAo = ez o8 Ay 7 (outside local
environment) 282 ¥ - A= B)7]Fl FA8A
(pending communication requests)el wleh2 i
Adlg glate] wAAA dejulElng s-gaA A
BrislAl s S wilc) FAAdE 53] %4
EA4% Ad8 (channelling) S 7HsbA el 2=
= FAAllE Alggre 2y o2 fazd 2] 714l

Al estair}l. oA & (symmetric) FAlAIS =
o] Hiola By} = 2L FEse (2 2%

o)

)

z), 9| A & (asymmetric) EAlA] = WS 9
g4} 7leg 843
(
P1?7X Ho=my Xi= X+1:
a %
P21X ==} X=X -1
]

9 2 CSP glejela] A4 FalAee]

23] 2004

C8P(Communicating Sequential Pro-
cesses) =

dAy  FAAlE ARggel P17X
(input or receive)®} P2!X (output or send)i= 7}
Eoll el el osld Aol E 3T 4+ 9l

=,

e

o 7|8 A o] (Private Control)

Aalel s iz W Aabel (local state)el o
2 k& Z= $-& T3 (boolean expression)el A
spe] Aldg 748k A BAEA s el
o] Aol 5AT Aol IS g8 AL
Azsted =50 Hok 28 3 & Adast Ak 7t
A Aol g o]fsle] wAlA Al elE melE)
o 3 dH AdEE g gAFHR 275 AYd F
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dzet, % H¥a Hixe @ J}E EA
(function body)WelA M3 4 i}

Prefer]l "= HIGH:
Prefer? .= MEDIUM.
Preferd 1= LOW:
leop
select
prefer Prefer]l when Bl =
or

=) accept Service_1 ...

prefer Prefer2.when B2 == accept Service 2
or

prefer Prefer3:when B3 ==) Internal_job ...:
end select:

end loop:

1% 3 Ada 9 AR 7R dofalA RAFE AEA
09| o

e A1 F Ao (Mutual Control)

AN E gz iy A4l 55 "aamst
Agst HAejelelo waet 2 gl dA5E 35 71
gspe] wAAA Gelile| 2F slgepA A Bolsl
A ke el A3Alele 3F Yoz Y A
=29 siEbelete] & AAE, gaksie] glejxl A

HE AMgEe 22& PelEd AdA| m=x d7)Hel
& A7 A5 el azE AHes A o
H 4 & AsAeY 95 BT, Concurrent-C
£ “suchthat’ °lgle 2§ A43e=y AdA
2]} (delayed time semantics)S &-43kct, o|u) =}
#hiE} Distance £ ActionRequest <1228 53%
2 Bt e £y xd"é'E]“l. olel§t &% wlejuilelzlo]
1000 B} A A AEE s shestA =g

accept ActionRequest(Distance) suchthat (Distarce{1000) {...}

3 4 Concurrent-C dlx Az Ao9] o

2.3 #FH0{Race Controls)

WP zEagge] MasE ool zpde] rg4stA
W Hade 2RI A 2AEH7) g8 AFS
g}, slte] delule . ddP = (alternative selec-
tion construct)?} T8HE o H2z £ dH o
BBl B{open alternative)E< A#Hr] a1y 7
o, =35t ﬂ]j7]'-4 FAE 7] A dlEn 2
A °“E-E¥ 31% & AFERe), onE AFH] M=
oE F§ F8 %ﬁﬂfﬂ-“ﬂ]. A Ad-e Hojs)
= gle]g] %@r% AFA etz {i),

THEA 8 AR 2] Ao|dE Bl Apd
oz SHNE 7 FEE wFsiw ofgof fdlo] o
g+ AerE Ayse vl FFrael: 4%
de, W, 2ely Aad 5E Fol el #F
(possible conflicts)E o1 %A HdY AHUAE &
Fedd, AFAN e 07 HL ey A9 dAES
TAENE & 5 ddvke d g

a9, iz g8ln Eer] $Rd4e A5E
wedslz]  dsled AFAlE S A S (Priority
Control}, AZMe{(Preference Control), el Al
Ao} (Forerunner ControDZ ¥HF% 4= gich, 2
FEAA AFAE ERSeAE Aagle Wi
Hd T4 WS oldF - v & Ags £ o
23k 25 P4 (scheme)d AA AxHE 27 g8
AARE A AR 3FE 4 gl

o -258] Al (Priority Control :

Program-Race Control)

A Aol Zras pFda dE AGde] §)
= "H2=F e 4SS i‘ﬂ%ﬂ' T g deofs] FHE
Aol zzaddele) By Bropd 414 4)A
& A AT Qo) fA=yg Al Alog 5
7h gek, dE 2R EEe wsE WA 24sie
AlzglellA] Adad 2ol “cool the system,
do servicel, do service2', 59 dehvelrEe T
A deRct Zehd dd2re Q8 Lxd g A
27} o9 WH9E 9E A AL LEE Wl
7 E=2 340949 "cool the system™S 8 4~
e (ZRad SFaA gazmzie] 45 ey A
7] 5e] AF= ook dri,

¢ A3 4o} (Preference Control :

Task-Race Control)

AzAols ig A Ao g develn
e AFE fAdse dol $HE AFUY. 7t Wa=m
= 23] $9¥ 95 E(subgoals)E 22 gvla
A2t 4 glen AAste sMEIERRd &) hle
SR ouF Ak AAge gl depEln
EE T AA AEx FA(relative
preference relations)Ee] $&3h= A5, Axde]
AL 3] HelMde TAER A =eolof §,
g4 5 8x Az (preference ordering)? £4
o #&A DAY 5 9} Al Ae] Alxge o}
A A"l 2Aed wel ddsie Bt dkg s
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x3E] 984 A5 FAE AHET 5 gk

Adagt AR 7MY delEA HEAIE AT
thd o8 59 Ak o] Iy sz g
(preference value)EFE AHFH(select construct)
7 delbgleg APEr] o dejusine Aoz
o] Hvh. #ebdA  A2FlE ChangeSystem-
Strategy e AL AZ= 7L Foay oy
dlejel 2 Jdl& =] & 4 o).

Record. PREFERENCE = LOW.
Evaluate | PREFERENCE = MEDIUM.
React ' PREFERENCE .= HIGH:
Change. PREFERENCE := URGENT:

loop
select EXPLICIT
prefer Record: accept NewValues(...} do ... end.
or
prefer Evaluate. accept UpdateStates(..) do  end:
or
prefer React! accept Response{ ) do .. end;
or
prefer Chanee- accept ChangeSystemBtrategy{—new
preference values...) do ... end:
— update the other three preference variables..
end gelect:
end loop:

a¥ 5 Adast #AME 7REAeldlA AEAele] 4

¢ A3)A%] (Forerunner Control :

Entry-Race Control)

APA = dEn] 2EqA A=y Fo Hrlstzsl
£ 54 23 E 2o ARE ddike oy 538 A%
ol AfAele 1E FIFO 9rlE AHsto g <f
AR o Kt AR gols oy 7)1 Fel ulebA
2EE X4 (sorting® Fozd HHE 5E3L
S-dedEEly g Wiz A gas
Concurrent-Cs} 22 deldlxE A, B4 838
e & 4 gl hyeke FErF gl &
oeole}, 1% 62 Concurrent-CellA A4 Alda)e
o & BodFe}l, o7lM ZF(callg)E2 -Distance
2h= Sebulele] ghel &4 A4 (ordering)st & 4
i},

acecept ApproachingMissile(Distance) by (-Distance) {...}

2% 6 Concurrent-ColX HA|H Hgxole] o

3. Statechart®l 2s
S Aol walde]da] A 5 g9le Ty A

Age] Aold Z1uAldE s Aolsign}l 2 A
Al olEF AFAA e A7 APt Y B3
<l Statechartel] #£A)7)7)o] ¢4 Statechart® 7]
T AZlA e vlEA A ey o5 duy
7)2 &t

AL Eme vy A6 BAsht, 24 AA =
E AR w 2bq] &hde] FARYL. STATEMATE[
18] i-Logixel A &t AA7F Alasise 23 &
A AawE YAH, 24, A, FAEE e 4
Aoz BEE ¢+ = E=Feldh olne Fad
(structural).  71%* (functional), A4 (be-
havioral} 71%5& 7FA+dl Statecharts ¢]& & 4
2ol Ak AAs Ay A¥3}(visual for-
malism) & 5 & ETFE24, Ao =(state
transition diagram)& <jej7la] el s, 73
Aglet. Statechart [14], [¥5], [16], [17], [20]=
53] A3H 7|&(hierarchical descriptions). 4%
2 2 8$leE AH(high-level and low-level
events)®l FEe] BeoElm, my d& Wk
(chain-reactions) & A 5= 9= HFEH
7Vs(broadcast communication machanism)}$ 7}
Az vhE $F  WPM(concurrency or ortho-
gonality)®] 7158 ¢ 4 9t

Fag, 7129 B A sy wde) E7E(5
1. {111, [13], (19), [211, (231, [24], [25]%- A%
#H(formalism), E¥H (expression power), 7%
2}= (strong semantic) & 2T vl g deld)
gk A FHo) vlulghe s waslel pelke) Az}
7} Ag Aelr}, oy, Statecharte WA Y
Adart Clel8] Az 4] Lolsly] o fel B4
e} aisie A4gke] A} vy Hg,

Statechart®] 9mi [14], [15]¢] & 7]1&=e] 0l
t}h, ¢] FollA] $2l& Statechart 9vle] 713 228
Sl Aeel Fe)d) S gwlsla oA A8
A AFRAe wyliEe] 45 ARskmal g,

3.1 Statechart®il 2H3t QIHt HE

Statechart®] 7|24 FA484E Abelsl Ae|r),
el Alade] Exalsta gle AT A Fed
Alaele] AME AT}, Holet R kA g
AR, 22, aeEle ¥ (action) 22 E[Cl/Act 2
ez FEF) ofk A E7l gAdsigded =4 ¢
7} Aol #d Aorh whAllsle] #E(Act)e] Age
2ojgle}, oluf YL ohE ABAL {98 tripger) A
A 4 glel, Aele d¥ml 2 asEe ™y

L
a
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(optionallele}t, AlZke] &7& sgste 7lweEs
A (delay), timeout AZ, aElm AW YA
AR A7 Y4ee sla AEsle scheduled
aetion So] alth.

wgl Statechart® 7isldrdeR Svisbs e
Heol2 BRF=E wz2e of8 -8 FH3r] HEA #H
o(depth) e ¥el$& A 9% & A2+
A5 =xiskm ok

3.2 43}

Falsle e Baxe Flslgaad 718 Fole
d AHEE s, 24 XOR decomposition® AND de-
composition2® g 5 ¢t

* XOR Decomposition

XOR decomposition® LA Fafalale] o7&
% WA (mutual exclusion) ei2) WBAEE B9
@l Z XOR decompositiontell4] Al2giE we
shte] Aldule] © 4 3lck. XOR decomposition
Eo Alzie] wrAlstellA] chg AR Folshe AHUlES
7 B2o 2 ZolE vehiled AMgsl 19 7o
A Aol Al Uel glgw, o4& 4 A e B
o gl& 4 ¢lch

fU n

£l E2 E3 | ¢

18 7 XOR decomposition

¢ AND Decomposition

AND decomposition® Statechariel 2314 AlF
He= g vhE &l oA BARLR EdEe
Alz® Ao} AAEE E34k)l, AND  decom-
position® Abel Fel4 orthogonality® viehiizd
Al-gsle] wlelalE e

28] oA Azwl& Abe) ASH Bell glelel Ik A
9 Adl giche 7 AW Al ®=E A2 slvhe BE
ojeste, Ae) Bl slthke AL A Bl Ex B2el
ovhs AL ouigc) zelER Axge shed A
= 2 Al A%} B4 cartesian productelth

A i B
E1C1YAC . E2[C2Acl)

3 8 AND decomposition

AND#F XOR decomposition2 #]27] 2dd =5
A5 2482 AFadt s WA & XOR a4
o 2jdlA ZRE 4 9len, Hdden e &5
£ AND decompositiond] 2)#]A4 88 4= slch,

3.3 HIZEM

Statecharteld WA=l Aske A o} 2
£ 5715 AgelA Hehde

e Orthogonal el 3el2] Held {04 vlA
24 (delv]E| B orthogonal o] Apel8] 7
)

Orthogonal Aehela] Apzle] sl ol el
BlARAE TR} Tt olad Y= plagy A
ol Sl wigt WA Mg FHY F v Wl
Statechartels @t

e[ny{D)] ef

[;%[’3 m

7% 9 Orthogenal el Alolelir] A

27 9% orthogonalideldls] Hels) pAALS B
o)z}, Alxde] &7l (A, B.C)e) 9z A e}
Aspeded, o] £47} A—=D, B—E, CoFd 2%
Axde (DB, F) =gde} el de] 47 B
—E, A—D, C-Feid AlA=le (DEF) Aded =
g 2% gltt <37} ny(fi+ not yet(f)2] 2kxleir}

o 3 AU ¥E dAdele] Z1A% wAAY (@
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AAZ Aag] AEER &3 A3 944 248 A4 15

A2 we] dejvielng Hol alola] HF)
ga® Fle] Aghd o shle| Az e sl
= oofa] Holke AL wIt) o)HFHAME vhaz}
AR HFehe "ol Fold A AE 29
gl whe] Statechartele @ivk 23 10404 =4
C1# ¢27} =5 e Al e} wbAE A0—AL
3 A0—AZ29] o] Alejel wiAA o] AT}

a9 10 @ AU ¥E dEdEug gl Alelg
A% 4%

4. StatechartOllM HAIE O

4.1 Statechartiid &=E FO| (Transition}2 1
sl Wi

Statechartollr] Apde] wrAlsld Hgde] UHE e
A2 Aoz} ot drk, 2z Aol dwA A
gl BE[CIE viehd 5 gl&dl, o3 %8 whid 4%
9 Askg grf gElet ARgAelE Agsle Ast bR
7R E A2 Aol 9| fal AHgaddo]. E[C] =
Az whge F5 FAA (hybrid communication
control} 3% (dl=2] Ea} Eeicha sdae] 242
wli2je] = (harrier condition) C-& #4F A =A%
gt} E[Clel d¢EE Ada 225 28 114 Zoh

when C =) aceept E(...) do ... end;

28 11 Statechart el E[CId W&3l Ada =

)=y

o}7)4 AED B &4 7} F YT slel e
o, Al e ogd 7ieRt AR ddEd 21es)
A =le}.

4.2, StatechartOlM AFH|0

B ERAME olr] FheAlelst FA Fe] wAH
(transition specification)d 7N Axd Ald
AAsHs WS 4. 17844 Al st 28 Ao] ey
= raAelg Agste] AAets, a2y ook HE-
g AbelA] el WAl Helg F ¢ 9l AFAe
ulshge] Zlgstel. o] Aol 3.3%A dF3
Statechart 9 #2444 Fxhg AdY 5 s &
Hedaolel Hael 715 LHEE Statechart
2 sAstnAl gt ojEE ARY o)fE ArtEEdd
Epe] AF AAEE ArEE FoiFgeEy A
d sutzr)el HashdAeds] FEE AR ES
o ujdAgA 494 vlg] dgste] Aofdaqls, HA4
Bo} Lrmeiie] dWfAS fFAlale] Aladl A4 o
B AAE BY 4 WU7] gEeld

4 2.1 Statechartel $hajA el AFA o]

Statechart® ¢A" $ded Addr]sE 7
glet ukel sht o)ake] Aolzl FAlo WAFcA 1Ay
A (source) Adlelld ol S-deHe Ade A
) @e] glvh, G BH, 2 1244 Aladel @
g siell ok slEekAl. 2ok, Elg B2 ARHe] FA
o wAsl A Fd gle $2-Q2, Holrt 4%
F9 Aeldl 81-@ql Br} A FAE47t 6 E7)
o -Fo] §2—-Q2 Hol7} A whAlgc]

El/Act

E2/Act

2% 12 StatechartelAe] A4 $-2a9 A0

4.9.9 Statechart® Adadla BAZ $-xE9A]

LqegAcle ZE &0 Aghg iR, 8-S
A}Z (enabling events)Eo] -FA LA 9
orthogonal el Aleleld 7Eg dlAslz]) 3 A7
o)} Statscharts]4]9 $-4HeglAols AdadlA
ulx]  girze]  SASHE T AR, o
orthogonal HEWEH $4EHE F& H7lEE
Atk (g 1352). dede] 2e depdEHa
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Aol7l HEHE 9 Jgaldh SAdE AHRE
Statechart 42l orthogonal X =l Eg =)o)
#*)(definition field)-& AHgste] Folalw, ol #|
A& Aelste G8L A =

% 13& orthogonal HFEJEZY] AFE alt A
o] 4] E]@"é"é%;‘i’-ﬁ F} Alzwle}l &7]¢) Ag2} BO
o 9lx, E1[CL]/E47} dA#E ) =4 C13 C2
7} Aoz, Me|EM7t B0—B1, A0—~Al & AS oy
el (A1, Bl)eoldh, v, el M7y AG—AL
B0—B1 o4 3% /E47} A E4E fdsto obf
Al (A1, B3)e] Hr}, zeh), A fFEEd w4
Hoeg 24A8E £ AS(Priority A%l 447t
Prierity_B $4deside} Eriw 71Agch) dejg) o}
£ AdlE (A1, B2 A <& 5= slvh gjebA,
Statechart?] orthogonal “FelolA #el2] w4
o] viehdis A4 o] -2 mAE At HAZE AA
wie] &AL RAaFr] HHllA P8 f47 € 5
it

29 13 Statechart?] Orthogonal AXEE Alelg
HAE A Ao

task A is
pragma priovity Priority A =2,
— FEHe R AE 5 9ok
entry E1();
entry E20):
entry E3():
end A:

task B is
pragma priority Priority B:=1:
— §edoR +49 e,
entry E1();
entry E4():
end B:

2% 14 Statechartelr] WAE 459 Aol o)
25 = Adast §419 FHakelols) B

o]¢} dg£5E Ada a2z Fdale SAEA
2] AYe A 715F HamE 49 AFE dAsie
W7l Eeltt. 445 deE $3H Statechartd]
B Eake Adast HAkEk 7MERleld) ZEe 2
4 148} #e}

4.2.3 Statechart®t AdaslA HA1"e d3 A

AZAFE ¢ du2re] g4z oF AHele 9
g W A4 AeoiA vehdel. Statechartedld] A%
A o= HA4F Aol s ojale] Aelrl &4
of WAlE o AFF ddsr] % drhigelvt, o
F ASod Azl WA (™ 15 FR)E AR
2 Aoialy] g, Ze] Aelo} dizle] Adiziql
AEeF @A & 5 gl e FEo] AsA
= 3T 8 Aol T A=E 8 El

2% 15 Statechartollr] AEA o] o

task T is
entry EL(}:
entry E2():
entry E30).
end T

task body T is

1oop

select
preferl: when C1 ==} accept E1()
do transition_to_S1 end:
or
prefer2: when C2 ==} aceept £2()
do transition_to_S2 end:
or
prefer3: when C3 ==} accept E3()
do transition_to_S3 end.
end select.
end loop.

— 81, 82, 339 o] FEFLE £34E Aolvl,
end T.

2% 16 Statecharte] HAA MdaAold WEsHE
Ada 2=
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AN A2 AR e 9% A 208 Aol 17

wellold] ABAe)9] A

ol¢} dj-g3t= Ada w27
43 Ale] FollA “select™ W

o, Bz 5] 7
| 9l AFE sk Sl

#2el Statecharte] wAA AzAe] »8e Y
163 o] Ada TE&E vlE 4 9}, Ada-83(1] <A
T dERE % ZRAFE AR dzAle] Wzt
e 7]'3]5’4 glen] o] FEi= count attributed
o)g-sle] AlEweld & ¢ alc}

4.2.4. AdaellA AHe

A Al AsAle]s dlEE]
2% Aol AFE AAWTh Ada-83S HAAY A
3 AgAle] wAUEE AR 9ok oAE HEke
¥Z¢] FIFOE &A=l i o, 448 94
(priority inversion) 5 ¢l2] #1# EA7} gl&e] g
4], Ada-9Xs AsAelE 918 s WAE
$ e F5Ae] gl &, EEAHcaller)® $449
o &8 £E& MHslE Aol o delrt. zeh, o}
Ax AMERIZ) Yolsle Ags S48 AdEr|de o
o]e] FHo] wFslch, dAl9 Statechart P& 714
aomAE ddAelE TEE 5 gle wilE glod 2
Aol A elg-gmlel o] Concurrent-Cel #led, 24
4 3EE A3 ?\lt‘ by & AHE-sle] Ada
of fAkek Ziedel 2 R ¢ 9led, 279 de

17 T el

o

1;'3311]01
o] Folla Hojzl o7

task T is
entry E1(Urgency: urgency_type):
entry E2(Distance: distance_type):
end T

task body T is

loop
select
when C1 ==) accept El(Urgency: urgency_type)
by (Urgency) do ... end:

or .
when C2 ==} accept E2(Distance: urgency_type)
y (-Distance) do ... end:
end select!
end loop:
end T

5. Ada-9X 29| HAEE 0|38 HAIF &

A=2 M2 ol
BA e Ada-9Xe W¥HlE=(protected re-
cord) & AMgsle] Adde] EAE Esle PR
Fad 2AEE Al Alg- o & BejgEd

package resource_control is
subtype resource is integer range 1. MAX:

protected manager is
procedure free(I: resources):
- ZEAE A0¢ e B
entry allocate_high(T: resouue;i:
— A8 $AEY " g 5
entry allocate_medium(l: resources):
91 $HE9 dead) s 23
entry allocate_low(I: resources):
— 8t $AEH g3l J 25
record
resources_available © resources 1= MAX:
end manager:
end resource_control;

package body resource_control is
protected body manager is

procedure free(l: resources) is
begin

resources_available ' = resources available + 11 ...
end:

entry allocate high(I' resources)
onlywhen (I {=
begin

resources_available) is

resources_available = resources available - I: ...

end allocate_high:

entry allocate_medium(I: resources)

when allocate_high'count = 0

anlywhen (I {= resources_available) is
begin

resources available = resources_available - I: ...
end allocate_medium:

entry allocate_low(l: resources)
when (allocate_high'count = 0
and allocate_medium count. = Q)
onlywhen (I (= resources_available) is
begin
resources_available := resources_available - It ...
end allocate_low:
end manager:
end resource_control:

a9 17 Adash M ZHIRIONE AT BAA

YA @] o

a9 18 WeE =
71 A4

S| AzAlolel Malael s =84
#ej7 Ada-9X ZE¥e] o
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Ada-9Xe) F8 97AERe A Edd] gk ALt o OF AMEARY Alejg), 2AF] T F548Y o
o Ale] W §E 401] gick. ulelx] AFA Adaﬂl & Fole AL Wb Azdle] AgEE <dele] F87
W) Hmes) s wdela] Fazk qkzle] ) Gxolrt, AAZE S8l AT FEAE F7] S48k
9 #HzsE Ada- QXOIIH Aqket A= (1ghtwelght) Adaoll WA Ale] AFE E9]ske] felA g 2
%718 F)oleh]. e, Al wg] dEed] dgh AtERl EA1E ¥ 19 3 o] pAEisel od, &
Ada-9X 2=A%% Aole Ao m AR ool o B elnze] A dela 7 sk

8 ol S A SR el 9 o g
o3 188 A ~AEY Aol AdE AMgEle] A Modification A :
Ate] A} (resource manager)?] A& A s @ a*-’?f:’* ;;}%*i% A37) A, Be Adg aNse gz
N 5 w4 Hela
olt}. AL A7) b A9ES] F(pool) 24 )
A8 ksl g y|de]s 2 4499 g entry allocate(I: resources)
23 A5 -,—]6'}&] 23g 29 Al g grA] g onlywhen (1 {= resources available) by (1) is ...
o flels e g9 HlaaE B 3 4 gl Modification B :
Lo = yla|e] A FEA Ase $sr] 23 He AdE gAse dxaw

o} olu], AT Tl &) e
o]z} 835tk

LR

(AEAS (mutual control): ejapite] Fgh entry 4lallo;ate(1(:I Eesources} e o
& A onlywnen = resources_avallable Y .
ALE PR o 5AE s §98 5 gl -

is ...

Modification C :

Ak, °J”}1—’r %% Afle] 24 HAdeAE & o
dol

2 = = ] L. 2
/J]‘ﬂ o= 2] 9= qkE A9 o] 4 2 N N
= A Aelg:
(2)Al 3o} (forerunner control): $-Ads=$l 2
R ., entry allocate(l: resources, URGENT: urgency_level}
meh el B3t 23E w45tk onlywhen (I {= resources available) by (URGENT)
o]7]4] 92l wie]el®A] “onlywhen™S ARSI is ...
W 27 ZEale] A Ads) £ CinRee| AR Modification ) :
wjefel] thEk Fx(referencelelvt. o]g} i A= By A& W 77 Be ANE aAske WAt WA
-5 2?2 ORF & 7| e 1 == = g}
Azalelz EREw, Al W dass aiﬁ s S
(requeue) 2= A= 7199 eet eaoldE Eslsh onlywhen (I {= resources available) by (PERIOD) is...
oz AAE AEdeldd + slrk26). ¥H
Concurrent-Celele] A9 43 AeolE 4= by’ I3 19 HAZE Az S8 9 8 dgA
2 ApgR), i

“onlywhen 7%+ Concurrent-C “"such- that=}
sabath, o] % kN9l Sl Aol Wzle] 2AE
Al ema e, g3 “when' 3
“onlywhen” 3¢ #0342 t}&-3 vk “when'& < AAZE EE Rk AxEe] spde EYEeR
Eg] Fol ole ZE 835 H4He 2UE AL (syntactically) °1sl@ & sl FA 24l st
o) Abgs, alee] F} A7) ek ek "when” 21%A, 24, A o] b F3) E|eojof g} ®
z7o] Folehd, Bl - dle] gl dWla=el AT AHQ Aeje oI W wA R HAE HdS
7}°'§3H7‘]‘1]- 4, “onlywhen’2 el glewmia] 7)) w AzEle] AAA wlel gk gpAlEkEe wisle 3

13 gl 2be] 3Ee| AgEle 238 Ak v Abssa, 53] Al fey A Rdse $EE s
"l 2abd “onlywhen™ sl=glel] matsle Zzke] &0 & 4 gt

6.8 E

==

o)

Fol o] glck. gl AL w5 g A20e] 7R Q]
5.1 UAIE ZFHOITL AAIZE AlAE 80| MZst Q) Adac) BAA AAERA WMES ESles
= 884 3 AN A9l A AL an e Aol

27 o2 A5 AR AM(race decision policies) o] Hapew Alayle] oESAa) 2l ed FY 4 gl
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e 7S AAslgcl. wmik Azb A2 A
410131 Statechart < ZF5alel9] AdE 2H & &
e 7S AFstuEs Aad Agar]el QA
AollA THE ANz AxEyele n[AAA BA4L o
Eale] Alojdpolm, WA} sz ETe dAAE
FA RSN o]EAke| AAE o Aupged Axg
AkA] AjEAg A 4+ oA sk olw, AF
A2 7le-e Az AuEt s Aestde gl
Lom HFHl Ada REE Aol Faje ubdE
i}

aEla, e Ada-9Xe] WH] dZ=g o)&sly]
HAE 2AEYAe] AFREY ALy RojFn=
A, olglAl 2zle] AAz A AE At AAE -S4
= A Hed Fqir}
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