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On Schedulability Analysis of AADL Architecture with Storage Resource Constraint
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Abstract: The embedded system has been wildly applied in real-time automatic control systems, and most of these systems are safety-
critical. For example, the engine control systems in an automobile, and the avionics in an airplane. It is very important to verify the
schedulability property of such real-time embedded system in its early design stages, so that to avoid unexpected loss for the debugging of
architecture design frictions. However, it has been proved to be a tough challenge to evaluate the schedulability of a PSRT
(preemptive-scheduling real-time) system, especially when taking the constraints of system resources into consideration. The cache
memory build inside the processor is such a kind of exclusive-accessing resource that is shared by all the tasks deployed on the processor.
In addition, the CPRD (cache-related preemption delay) caused by preemptive task scheduling will bring extra time to the execution time
to all the tasks. Thus, the CPRD should be taken into consideration when estimating the WCET (worst case executing time) of tasks in a
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real-time system. A model-based architecture level schedulability evaluate and verification method, which is designed for priority based
PSRT system, is proposed in this study, in order to do cache resource constrained, and CPRD related schedulability evaluation based on
AADL system architecture model. In the first step, the study enhances the property set of AADL storage elements, so that to be
compatible with cache memory properties in system architecture model constructing. Secondly, the study proposes a set or algorithms to:
estimate the CPRDs of a task before it is completed; do system schedule simulation and construct the schedule sequence with the
constraint of Cache resource and CPRDs involved; and WCET estimation of the tasks in such a CPRD considered, preemptive-scheduling
execution sequence. Finally, methods mentioned above are implemented within a prototype software toolkit, which is designed to do
system level schedulability evaluation and verification with CPRD constraints considered. The toolkit is tested with a use case of aircraft
airborne open-architecture intelligent information system. The result shows that, compared with schedule sequence constructed without
cache memory resource constraints, the WCET estimated for most tasks are extended, and sequence order is changed. In some extreme
cases, when CPRD is taken into consideration, some tasks are evaluated to be incompletable. The test shows that the method and
algorithms proposed in this study are feasible.

Key words: AADL; complex embedded system; cache related preemption delay; resource constraint schedulability
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Table 2 Component properties required for CRPD calculation
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Fig.1 Simplified timed automata model of AADL thread component
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Fig.2 Timed automata model of ARINC653 partitioned system
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Aab P I V) R 9800 2 X PN R R 0 P 20 DX P A e R v (R R R AT .24 20 DX SE B BRAT N 18] 5 43 DX 3R A3 5 (1)
Jr K/ (Partition_capacity) FH 25 i, 2 B 1% 43 X A0 1 S0 TR RE 58, 1% 23 X P T AT 45 303k N B 28R 35
23 WEFIIMIE

BT FR G AR A AT FUIA R A A, 0 T BEAHERG . — St st v 5 & A AR AT B4 A 7
O 55 2R N B AT Bt 2 SUAE— AN A U0 PN A 55 B 1D R U0 2 1 95 4 1 8 AN R AP0 55 AT o) S TR e /D 2 i 2
h T T M AT 5% FEAE AR R P TR 25 o R AR IS T I T B R AT 45 A AN S N R AR
(R T AT $0 i, R P U EAT T 55 T B o 0 5 ) o R A0 R B, T BURE 1 T 200 O e U 5 B A
o L PRGN R R AR B N A R U ) P 5 R B Cache D)4 IR AR 55 8 5 IR IS A 25 R Ry
SE T FE SRS R BT AR 4 AN T BB TR AR 55465 R CRPD ARMY. T K3 X4 4R R AR I T R e
Cache BEYRAT PR AL S5 AT REFE vh W A7 BEUR VS ) ol 5 3 20 Cache P e R 4F: 55 1 52 LIS AF: 45 717 2 T 5 S
IR IS TR B ISR MT S5 4 R CRPD A N R AT 3 AN RARM AR X N AT SRS
{T0. T, T} B AT 55 1 BEAT 2y J vk WL 3.
Table 3 Task properties used in scheduling simulation
F 3 ARSI vk
Task  Priority (R JSCHIAT) ET Period DeadLine

T3 3 30 10ms  50ms 50ms
T, 2 10 10ms 50ms 50ms
T. 1 0 17ms 50ms 50ms

P& 3() B HY T A% AT 5% S5 AE AR 41 3T P B0 R 5 370 (R R 403 oAy il S 00 20 4 38 R 43k ) A R R I R R AR 4%
T, 7F 10ms,60ms &b 4% T 55 Tp s by AR AT 55 10 R B2V A 2% & CRPD AR 5% 18 &5 1 R .

SR, 2425187 CRPD AN I BAT 2% 1 B 2 A4 7 s CRPD AU BRI 56 T 330 b sl B
[P HEAMT 4410 WCET NI v] B b K. 41 B 3(b) i 7 (¥ 1 i ok A b R AT 4% T, E 10ms Ab ST 45 Ty i~ A 10
5 CRPD 2 6ms, I8 A1F45 T, 5T CRPD ) WCET 4 23ms, K 2 #i A0 To % Ty A3 E .24 Ty IR
B Ta 46 A B 2R 30ms,80ms [¥146 Ly 5t AT 25 (1938 AR KT 10ms &b 55 60ms &b T, % Ty HI46 A7 AR A 6ms, 8
2 75 LA 3(a) 1 3 B 3 A B R AR (R, S AR S RN AT 45 Ty IR B A 3R R, £ T B5AT 4545 WCET [FIB
i, 75 125 PR B IX e a4 AU CRPD.
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Fig.3 Comparation of task scheduling sequence in different context
Kl 3 ANIRIE B T AT 55 4 T B 7 B LL R
FELR B W BE SR IE T, — /N0 5 P S AT 55 S 1 — AT 55 B o TF 46 BZAT 55 TR I AT 2 1] s A 4
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DAL AT P11 preemptionSequence(Ti) & (55 Ty MBI v 21 P R AT I Beind 1) A e I8 2 2R AT 55 19
A7 551, ) preemptionSequence(Ty)=(Ty, Ty, T) & AE 55 Ti BLAEST Ty 407 BIMESS Ty Pk AT Z 10 IROAE 55 £ 1R 90
ITFHNN T Ty T R, FAITE V58— DM AT AL S5 1 CRPD 1, 7 ZEAfl € 1AL 55 13 o5 7 91, R4 P 4 vh
— Y] B84 ¥) CRPD 151 H ok, Jd BT A 485 17 )5 41 CRPD 15 10 45 SREEAT Sk R, 759 3% AT 45 W46 1 119 CRPD.

Xt T RMS Fil EDF i & 50, 28 GEAT 4546 — /I 130T N 04 o L Re e 2B i D S8 AT 55 R IR I 20, 3RATTRR X
B SN AT 55 AT T 25 AT 55 4 o i — AR R (K BT T 25 BT LA 20 A7 A 55 F) T O E P, o S S R A
JE I BT AT AT 45 I 4RA T 9T s ABEAT — MT 4545 Taskset={Ky, Ko, Ka}, 2o Ky 19 A 14 2ms, K, 145 14 3ms K
) J 301 6ms, 6 4 AT 55 42 (008 5 91 0 3L 3 AT 55 [ dge /I 2 A 4 B D 6ms, 23931 4 (Oms, 2ms, 3ms, 4ms, 6ms, 8ms,
9ms, 10ms) I 2. 65 43 DX Ui 27 T, 23 DX U B2 IR 1) R D)3 sl B A 2 — i 55 AT I s (I B 4 BT 7ms).

I
T . & |5.!Kixémz

KKe b h L g
Ty
oo P
K, Kz : : Ky | : Ko : : Plz :
T . T SN T N
I A
i iK1 K i KK

K1?1 E K{ : +1 i f1 E +1 | +1

1 1 N Ly

Olfﬂs 1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms

Fig.4 Dispatch of tasks in the task group within a superperiod
Bl 4 AES5EEPAES5 11— AN A 3 P9 IR RE TG 0

Hyk 14 TARS A BATW S v S RE AE B 1+ Do-while fEFAAT for IR (B4 X AR m,
155 B AT 55 B0 O ), BT I FR K IR BCh )5 & R RECh n IR Z R TR DGR, Hom 5 n 22 [ 2 G &R
m<<n, U 1IN TR S 2R B2 A O(n).

Bk 1 vH AR S R AT BT U A R R

Input: AADL ¥ /5 155 7 S 31 44 S

Output: i FE 15 B4 ¥ #0477 537 371 ExecutionPointSet;

1. f#HT AADL W FERCIY S A SR BT 55555 SM;

2. W A1 UG 4k ExecutionPointSet=null;

3. 1 SM HT 45 198 JA 3 Superperiod;

4. if CRIIZMIX L) then

5. RIS X LB AR 2 IG5y D BE U« IR R) R 2K,
6 temp=1 Itemp F5 & U AT AT 5 X

7 Do:

8 1% I ) He 5N ExecutionPointSet 44

9 temp=temp+1;

10. while (temp<<4r X %)

11. end if

12. for (SM M FTAI{E % T)

13. {4 k=0; Ik AR — A8 R PIAT: 55 19 B K AT T8
14. P AAES T3,

15. while (k* P, <Superperiod) 1124 K ASAT 55 A /N T8 Jo 4

16. {if (k fi5 )& A J& T ExecutionPointSet)
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17. K KRS58 AT L 1) I [8] 4 2 — AN 40T 7
18. k=k+1;}

19. end while;}

20. end for

21. % AT S 4E ExecutionPointSet;

H1 T 7 RMS FlI EDF i B 50 N, im0 56 AT 55 WAL 56 AT 55 48 T — B & RAETE Ml e AT 55 Bk 1)
N 200, 08 22 A W — AN PAT W7 R0 R R, PT DURR RS =4 14T 55 20 AT Wm0 3R I L300 S AT I TA) 2 45 %, O
BT o G AT 25 B K A BT LLTE AR 55 AT W7 5 Z1 o 550 56 S5 38 BT S50 A A8 55 1 38 4 AT
V) SH A BT AT BRI 252 75 A48 7 s B 5 P AT S5 Ty A T, I BRAT I 5104 91, 5 Kms~K+5ms Ak I3 AT W7 257 51
Jg{Kms,K+1ms,K+2ms, K+4ms} 5 3 24 T AT W7 508 K+ims, 4 E—AN AT W S0k Kms.Kms Zb B R 45
Ty, B Ty e ZE R AT IS 18] 4 1.5ms, I8 4 78 24 i 0T W7 s Ak AE 55 Ty IR AT 58 1%, IF HAE AT AT T 23 K+1ms

PAT IR A AR A o W e o S R B AT A5 B A 55 U B I R R 3 AL
TS 2 T TR B

T ) ! | M| ! (|
! i KT | i Ti v
- |W%mi |E€“ﬁﬂ
LA
T TR T A
Py i i i i
U R R
Tl T1 : "-_‘ T1 : T1 : T1 :
A £ 2NN S AR 2
i ' i ! i ' L
0'115 o Kms K+1ms K+2ms K+3ms K+4ms K+5ms

To: A 3A2ms; e R AT I 1] 1.5ms; 38 18 2ms.
To: A 313ms; Fe R AT A [710.5ms; 38 1 E I3ms.

Fig.5 Calculation of preemption points
KI5 ARS8 sl e

VR 2 g5 T IR PR s A A R A R S 2 40— 2 Do-while F ER 1 R AR 5 O BT T A
JE A %5 50 KN RS AT 45 B R /N G, T AT 45 J8) 390 F e vk N B 3R AR U 3 1A I ) 52 4 J5 v AR U AT 55
Ho n HEAT A AR PAT W SR A T E N kA, L RN 28 EE S O(K).

Bk 2. kg —MES AR LT,

Input:AT- 45 5 SM K H AT W 215741 ExecutionPointSet. 43 X it & 15 H 3%

Output:AT: 55 4 H AT 55 75 — A~ & 1] A 948 15 35 %71 preemptionSequence.

1 AR EAEAG A AT 55 L1407 & State=0;  //State=0 7~ AT 55 S5 491 A< ik 25 BT 58 B B 5%

2 JT A AR 45 8 43 AT I TE] LaveExecutionTime=0;

3 I 8045 & clock=0;

4 SE U I [A] time=0;

5. HUAT W S WIEE 1k :CurPt«—ExecutionPointSet[0]; /¥ B 4 B AT AU AT W SUEF P i o &

6 Unfinished=null;  //B¢5E EAN AT I s 0 AR 56 B AT 5510 SRR (A 55

7. 5P HIEE 1k preemptionSequence=null;

8. WA R bR r=1; WA RHIGAE 1 A IX

9. WIARAAT S TN
10. Do:
11. if (BRAT W7 2 4k 2 15 A 4T 55 ZE R I
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12. if CURTAESIRES Sl Ready )

13. LHE AT AR5 10— T R 58 AT

14. PR S ANTT R BE i 465 7 51) preemptionSequence;}

15. else

16. FZALF- RS W E A Ready IR,

17. endif;

18. endif;

19. 1 F ExecutionPointSet /#1128 1 NG K;;

20. if (Ki B X W) 1Ko Ky,...,Ky AT W7 557 %1 ExecutionPointSet H [0 &
21. {r=r+1;

22. Moy X AN R PR — A0 DOy 2720 X}

23. endif;

24, AR 24 7 20 DX S SR ik PR e G B i (AR 55 T

25. W E T 145k 4 state=Running;

26. LaveExecutionTime;=1F- 45 T; [13h47 B [7);

27. if (Unfinished=null) /AT W7 £ A A 55 T A 56 1, WIS o A2

28. LA IN# 455 T; 2046 /541 preemptionSequence H7;

29. WA AR T; A FK;

30. Sy R AR I R A AR A S5 I T3

31. end if

32. time=Clock+LaveExecutionTime;; //time Ay fE45 T; Al 58 BB 1K) B TR),Clock A 24 i Bs) []
33. if (time<ExecutionPointSet[1])

34, {Remove(ExecutionPointSet[0]; /I ERBAT I AUFFIH IS 1 A JGE
35. ExecutionPointSet[0]=time;

36. LaveExecutionTime;=0;

37. State(T;)=0;

38. CurPt«ExecutionPointSet[0];}

39. else  /If5 W, 2 HTAT45 T H A 58 BUAT

40. LEAT5% T M Unfinished 4£4

41. LaveExecutionTime;=LaveExecutionTime;—(ExecutionPointSet[1]-ExecutionPointSet[0]);
42 TS B AT 55 (0 F 4% 0T I )

43. Remove(ExecutionPointSet[0];

44, State(T;)=Ready;

45. CurPt«ExecutionPointSet[0];}

46. end if;

47.  While (3447 ¥ & FF %1 ExecutionPointSet A~ %)

48.  print preemptionSequence /] Hi AT 55 R AE — AN L A 4R o5 A

FES 2 R 0 AT 55 5 LR AR A F 2% Pt U I L4 Ready RES, I Ak F 25 BAF o 35 AT 5 AR B 2
530 285 BB r 5z vy, W) SR A5 Ak B35 Ak BB W) A AT 25 $RAT IR 0 A 28 7 23 7 0 TRAT: 45 21K, B AT 45 N 4k T
Ready ARZSAE S5 & T G I, I8 B2 25 3% 4T 55 48 P A0 06 G i AT 55 3T B HOIRZS XU 2 Running RES .24
PAT FIE S At i I AR S-S VI Ready RS IFIABEZE BB IETEIAT 14T 55 5 I RAT B3 28 BH 26
Ja ZAE SN Awaiting TRES, A, AR 55 75— JE TN S8 BT B E N Awaiting RZS, AR S 7E T — A A AR
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FUT A EA Ready RZS.
24 ETit A FFIRCRPDITE A

TR PR AR 2 B, DRT 0 TG 2 A 30 700 ¢ty AT 45 1 J32 19T 75 ) UCBS(UCB #E &) 55 ECBS(ECB #£ ). 4 T s W HF &
45 AADL 517 v 4 2 B R AR (¥) CRPD v 55, 3 5 2 0 el 4SS ) 220 it o 65 7 4T 25 1) UCBs 5 ECBs J& o, D5 I B AT
i BT 55 1 A7 R 2 AT 2 X
TEN 1. R A7FIH 2 (cache utilization(T), i FR CU) e 6 FEAT 55 T 1BAT W o5 FH A7 A7)
Hodt 5 A7 UEIR PR BUR LB AT T3 IR AF R % CU; E STl i 24 5 (4) 13 31
CU;=Bi/C; 4
o,
1) By WATSS T AL FH oA A7 2 () WS 21 28 A7 v 1R B, L R/ 2 i AADL ZE R 7Y rh 2 BT 25 T, ) ROM,
RAM % YA ] ok v
2)  CiANZATThoATHURAL
IXRE, —ANBERL v i AT 265 10 2% A7 R FH 236 2 RUBERR h 3R 482847 R FH % (cache  utilization, [ #R CU). 12— A4~
RYEN) AADL B 4l 5 T 2 AR R S={T 1, T, ... Tob, R 50 (1 2247 FI) F 2% 1T LAR) T 4 2 (5) 45 21
cu=Ycy, ®)

i=1
M2 AN LR AL — DR ATF I, R T AT R R T 1.
7t AADL 1 frfig 25 # 44 Memory 1 HAT Memory_Size 4R Memory ¥ 77 if 25 5, Memory #4215 & 14 %
LA IR W 4.
Table 4 Properties of AADL memory component
T4 ARV IR A KA X

Source_Code_Size  F/RFRF4n . HE G 7 A4 M E AV AN FUBLRE )T R AR EE I E . G AbERRS . AN AR A
Source_Data_Size 3/ JFUSC AN HR [T F 4 1 0% I 7 A M T 15 T 55 RO A AR PRI PR L R AR FIES L AN AR A
Source_Stack_Size  AbELA%. ANEURZN. ZRFE. R A AS ) G KA
Source_Heap_Size ok A 1 F2 /7 it B HE UE IR K KD — AN X IRl i

A7t IR AL A7 6 PR 2R AL 2K 05 RAM,ROM X i . AADL K Memory #J14J& 1 Source_Code_Size
14 ROM 287 ¥ Memory #1718 ¥ Source_Data_Size,Source_Stack_Size,Source_Heap_Size J1h RAM 257,
[E] AT LUE X Memory #3448 1 RomBudget,RamBudget, & /1155 7~ # £ #) ROM,RAM 3% VB Fifh & 1, J@ 1k
RomActual,RamActual A1k & S Memory #4455 Bx 48 FH 1) ROM,RAM 8 5 25 15 D5 bk, AT 55 WS 380 22 47 ) 2 A7
P By VT i A R (6) B

B;=[ROM(T;)+RAM(T;)/Line_Size] (6)
Hor (1) ROM(T) RHAESS T; ) ROM #3515 47 55(2) RAM(T) A 4T45 T, i) RAM ¥ I /7 45 1;(3) Line_Size A 2217
PR/, i AADL BRI R J 1 Line_Size fiff &

R 27 77 ) 1 26, 4 5 A7 v LAY &) oA (1 77 2k = A2 4T 45 1 ECBs,UCBs 7= £ 4k i T ECBs, % 5:AMT- %%
] UCBs, 1] LLidi ik ECBs 3feLA—/NE FH M 1 pfi3 21, 5 1, UCBs & ECBs ] — AN 14, 42 & I R A2 5% R |UCBs|=
- |ECBs|. o K 15 BT 25 (6 AT B 9% A7 S (¥ 3 1T 22 5% i 1 JT R F o K/ IR BR324 22 L S R P AT TR R A7 A
T 1% A7 IF pi 280 K, B A 3R S S R (W R 5 JR S M VA 8 2 12 ) 28 e R O R e J) 30 2 A, DR o o7 o) 28 e
(1 T AT A T il Ak B SR 2R o  AERL Be vk I o — AN BE AL AR B, LI 5 W) 2 [0, 1158 Y, HLAIR AN
5153 A,

MR BV 2 AR SR — A AN NI 52,85 G A5 55 T 5 0 I 1) LR T 18 RT3 R/ gt vl
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FRBVESF Ty SR — A PAT R A 98y e 81308 D 4277 1, o BE A5 B0 RES 015 AR 55 1038 22 A7 4R 15 ECBs;
PiAT 845 ECBs; (M FmtAE Ty SE@I AT i A v e o & S0 wT BE VT ) 247 B i B, B 5 e AR g5 T AT T 42
A HAE £ UCBs;, IR Al A U 0 tH 2 A7 DR (R 4 5 IR A T DU BT 55 T2 50 KA 7 AW (k=1,2,.. . m)# AT 55
AR ET AR | AN T R S5 A ACHE AR CRPDY, AT A 5(7) V343 2

CRPD)/, = CacheMissTime x

ECBs; ]' @

Hrpr preemtingSequence(Ti) A AE55 Ty ABEHE o 2V AT IX — I i) BE N DL Se AT 55 RO T 2 41,

N @)HIRE S — A5 R R AT 55 RO AR AE 2 JRATT 5 Bk A — M55 N kR
2 AR B 5 AR S5 B4 AR RO AE R G AT 55 1) —NME 55 R P AT e S I 2 AN 40 R 81 I8 A
FE55 19— JEL A 9 CRPD A I A7 46 4 7 51 7 o St ) CRPD B 2 L PR g 6 — A I Y, — AN AT 55 T3
CRPDi,kmufﬁZ\ﬁ(S)iTﬁ3

UCBs; m[

T, € preemtingSequence(T; )

N .
CRPD,, = ZCRPDi{k (8)

j=1
e A 2 3(9) il AT EAT 45 T3 A6 — 88 JRL 3 P9 1 g K At SB B ) CRPD:
CRPD;=max{CRPD; ;,CRPD;,...,CRPD; } 9
25 BMRITHETERESEAAEMEHE
FPESS T) B R BAT I 1] WCET,™ M40 24 20 (10) 7T LLF 55 H AR 45 22 A7 AR G4 o IR 29 3R R 1R 4k
AT
WCET,™ =WCET," + CRPD, (10)
e,
1)  WCET™ Jy{& AADL ZEHFEM T, f4hAT I Tl
2)  CRPD; WAE4 Ti 76— AN RN IO R A7 AT OCHE Ly de KA IR
AADL BERREAY v AT 55 [ RAT I [R) L AA /N 2 B A5 78 o 2 54 12 () Execution_Time J& 14 fff & — AT 45
PUAT V0 L, 78 7% 2 i 11 S S PAAT T ) R g DR AT o i) 2 2 (10) H o 450 1 R B9 BB IR HAAT B I 5 18 R 0T oA
T 25 B2 A B vh 7= AR 36 7 R 8097 o 55 AR AMT 45 (0 CRPD, (H A8 S [/ FA U BE 8 47 45 77 A AR TR 36 o 18
T ATS5 19 WCET Ji, AT AT 45 S ) 25 7= A5 AN [ (% 8 B e 1), DR b 368 13 o 1A 2 A 28 495 v 8 3 12 £
i, BEAN W M B HT WCET (4R, B 3 HEAS B A2 AR A0 1 B A%, 18 B 24T 25 19 WCET T 58 K.
B 2R 48 0 S B PR HEA T 43 BT, D) 5 | N Fe A0 3 I [R] (worst case response time, & BX WCRT), Jge A Wi )i i+ ]
e S N U P O ATF 1D T ) A T R e ) i A RS i A BT AT 55 1D 5 A o 8 ] 2 il A AR T
SR AT 55 10 5 T i 7 B 1) 5 A 48 L 30240 o, 08 0 AT 45 st T R EE £
FRGE I A 5 55 T4 5 0 AT 45 AT 110 S5 D ) 2 B 103K i T AN [0 110 VA 35 S5 AT 55 dse A i 7 B 1) 114
YRR )L, 43 DX P VA BE 22 46 R T 1 5 100 0 20 8 B8 SR I R A7 48 o A 3R IR B0 R AT 45 T R st B i 1 )
W] AT 45 T3 BO4RAT I Tl WCET,™ A0 S5 AT 4536 T3 0190 1 s, L4 1| S vk A X Q) BioR:
| = vap (1), MxWCET™ (12)

o,
1) hp(Ti)h Vi EAT 55 AR AT 45 AR e i T4 T AT 45 324
2)  WCET™ NAESS T) M IR AT I [H)
3)  n AERSEBAT S AEAT 55 T WA IS A 1] Py BT R T8 R O BRI b 3 n K/ g B 4 5K (12) i

WCRT,
n= {P. } (12)

]
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Horp,
1)  WCRT; WATS T I dee IR Wiy Jo s i
2) PSS TR,
[ 52 P8 50 2 3 7 38R G R AT 45 1A Wi N TR WCRT, o] FH 22 X (13) TH 5 43 21
WCRT,

WCRT, =WCET"™ + %" m[ }XWCET].”EW (13)

AT PIWIAT 55 4 0% ] 3 B 2 35 A0 W 6 — AN R 3 P9 AT 45 42 T AT 45 s — A TR f g 12 6 )2 5k i
BRI BT LAAE AADL 2R FE K ARSI o 8 g 4% BAT I TR o, 24 8 — AT S8 AT I8 s R 9 LR —AME S5 4h
AT W 25040 T T4 2 224 7 L A VR JEE TR 55 AR 5 AT 45 24 7 199 8 5 BIAT BT i), A T 94T 25 A6 — IRBAT W7 s Il B
T BENE AT 5 . R 2 R IE 7E SRAT AT 55 B B8 A AT I TRD AN T R — N BAT I8 a5 5 24 T B TR A 2, D 3R R AT
55 BB 58 SARAT 15 W, R IR IZAT 45 A5 —MT 55 B TBOR I BT A BAT 58 B AT 25 SR AN R i

AADL BRI AT 25 42 100w 38 B35 1 40 s ) DLSE S v S — AT 25 25 T4 v 3 40 14D e R e 2 B D], 5+ 49 31 L 5%
A — AL AT 55 1) i U Wi 7 I i) 5 860 P 1 35 00 DK/ A B AT T B B R 8 AADL ) 2wl i FE I 24 FLA 4 28
A HR AT AR — A AR AT 55 11 g TR i 12 i) 3 /8 LA B AT 45 WCET [k ST an 9% 3 B 500 3 i 141
5 2, 9 SHEEANMESS (1 WCET KA AT 55 85 AR 55 (R B0E: n, BAT I 25055 370 vh 09 r 880 kU n 5 K 2 Tt 2 D R
n<k. T LAY 3 IR TR 5224 HE A O(K).

&% 3. 5AMES WCET 4.

Input: AADL f XML Sz 414k 3 1

Output: #4551 CRPD 1 T 1) WCET LUK AT 45 46 T i FE .

AT AADL VA BRSSO ST S MBS B P, R BT 75 AR 5% B ok
WIUH A 26 T2 4T %5 :CRPD=0;
HR A 2 (6) V157 2k R A 1Y 22 A7 B
R 2 2 (4) T A7 R 2,
RAFAE 5 DeAr G ECBs;  IMBOREAZ AT CUL B A B AL FE 4 38 29 79 A1
115 |UCBs|=p-[ECBs];
WS L SRAEPAT T 248 ExecutionPointSet;
VRIS 2 VH AT S5 4500 — AN A T Py X461 )7 471 preemptionSequence;
if (B S mT )
{for (RHT- 25 42 (W BT 5 1T:45)
10. LA 22 ST T — U 5 7 81 AT 55 1 A7 AH G461 A0 CRPD), ;
11. MR 22 K (8) U EAT- 55 75— AN A 4 (1) CRPD; i
12. HRAE 2 Q) T EAT 5575 — AN A A A 1Y) CRPD;;
13. F 4 24 2 (10) BB A 45 1) WCET:}
14, AT SSER AR RS R WCET; Y /IFEE0vE 2 1958 10 4T~ 18 4T th 73 33 B2 1 45 1
15. end if

3 ITEXMEXRBISH

S i TS S 0 B B R T Eclipse A IT AR, IT A T AADL BEAY [y R] i B 1k 23 A TR J5UR R 4,
ARG 6 PFizn. iz THSCRF ARINCE53 70 X1 R & LI 22X, ZAESFHE AL AADL 4K
BRRARE L A fidf DF Y SRS TR m] 8] 58 P 20

© N o g wDhd e
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Fig.6 Architecture of schedulbility analyzation software toolkit
Bl 6 ] B B LR A
31 BREREARFKMEMEE
Sh TS0 UE 7R SC RV SR 1D I A e A D Y T R S e, BRATT LA A BB A S AR G 9 R S ﬂn/f%’?
FR ARG 4 AT E AT OO SO £T S IR BT s AR T R G e AN BT RUGPM_A T
FYH) AADL ZE BRI 7 TR

RO

s

,,,,,,,,,,,,,,,,,

Fig.7 AADL architecture model of a single processor system
K7 BibHEEE RN AADL SRR
K5 HIH T GPM_A (173 DXAF BN 73 X N HOATE 55 5 5. 4520 DX U BEAH S 1k DL 6,45 70 X P9 2 R 1 32 s
PEAE WK 7.5 9 GPM_AL 8L & T Tyy~Ta7 ERAE R AF, FLY0 e 76 B FU AL B4R virtual processor |, & 5 HAD P /N 73 X
FeZ AP AR £F LeonV3 AT memory #4 14
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Table 5 Components inside the three partitions of GPM_A
&5 GPM_A MfE{ X

Tn B R EAT S5
T2 200 53 iy A JEBRAT 5%
Ti3 W 5 AT 45
T1a Ko i AT 5
GPM_AL Tis KT SR S 1
Ti6 REVTES 1
Tar AL AT S 1
To1 RATSH00 T4 2
T2 R AN HAT- 45 2
GPM_A2 T2 Bk RAT S
Tos IREHATS 2
GPM_A3 T 4 BIT {£5%

Table 6 Length of time period and intra-partition scheduling strategy of each GPM_A partitions
F 6 GPM_A 17 i &4 DX Be I ) by K K v 350 1 32 S s

Iy X % 53 DX ] 53 DX PN R S s
GPM_AL 8ms RMS
GPM_A2 7ms EDF
GPM A3 3ms RMS

Table 7 Properties of tasks related to scheduling within each partition of GPM_A
RT GPM_A 11 mi %7 X WAL S5 15 U REAR 5C ROAE 55 I 1k

fE55 4 P 23 X TP E(KB)  $AT I [ (ms) JA H(ms) Ak 1L 39 (ms)
Tu GPM_A1 400 3 15 15
Ti GPM_A1 440 5 22 22
Tis GPM_A1 300 5 60 60
Tia GPM_A1 240 3 60 60
Tis GPM_A1 330 4 75 75
Tis GPM_A1 320 4 80 80
Ti7 GPM_A1 260 5 100 100
Tn GPM_A2 280 3 40 40
To GPM_A2 300 4 80 80
Tos GPM_A2 200 3 200 200
Tos GPM_A2 330 3 100 100
T3 GPM_A3 14 5 80 80

32 HXAIBELEHH

TERE RGBS B RSH GPM_A #ifddh Horp 43X GPM_AL1 ) Cache 74 200KB,Cache Hi7¥H N
32bytes, 4L F % Leon (1) =45 250MHz,— 7k Cache Miss FEI 40ns. 5236 5% 1] RMS 4 & 55 0% 43 X GPM_AL Py
AT 45 4R WO J 10 13200ms, T A3 4145 15 13188ms [ W 5 A 0 AT 56 i, HWs 2 48 AT 45 I A B 240 o, BT b, 7
RYSYIX GPM_AL fEZAFAH OCHE  AEIR LY AR &l U4 B2 0. 1 ] 8 JT 7, R8I FE BAT 154X 20 RS, 46 Ty 1)

PR S, R R BT AE — S R I B A B 2 G AT A DO SR IR A .

A3, B 9 25 i 7 3L T4 5 Fe 41 J 4505 5 UCB-Union,ECB-Union 7731 & 4R CRPD 43 H7 45 Bt b Jik
T4 5 FE7H 81 CRPD H UCB-Union 5 ECB-Union B AERf. 5286 45 58 W35 746 5 B 41018 B 7 AR 4 T
UCB-Union 777 CRPD # K T[4 73us, /1% T ECB-Union 777% CRPD {5 K F M4 23us. 24 5% 140 X A 8
J5 2, AR F SRR AT 55 I AL AR DS AR BE A 54T 45 I AR S 4 5L AR K.
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Fig.8 Comparation of WCET calculated with or without CRPD of tasks within partition GPM_A1
Bl 8 GPM_AL 4rIX N SAT %152/ % [E CRPD £ fE L WCET 1545 Fxf L
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Fig.9 Comparation of CRPD calculated with different algorithms
9 X N IHEERIRYY) CRPD TR 45 A 5 4% Ge vt 55 5 ik 4l AR LE AR B

33 RGEHXIAERW S

Wi R RE1E B R 48 GPM_A X143 X 1 £ I, Cache K/ 500KB,Cache B K /Ny 32bytes, 4b # #% H: 3= 4
4 250MHz,— X Cache Miss FEI 40ns. 73 X AT 55 Ui L A5 6L WL 4 74155 (K082 J 3914 13 200ms. 44T 5% #2450 AT 7
HIFAT B 60ms I AT 55 Tog BiAF55 Tog RAEH G AL RAESS Tog WA 2 B0 A 55 Tog A 0T I B2, AN A3 42 4T 55
AT BRI RS 4 Sequence: Ty =T Ta—>To—oTa—= T Tun—oTio Tz T Tu—oTro>Ty—
T1— Toso T T T > Ta T Ti(FE 55 Tog LT AR BE 58 AAAT).

BT GPM_AL 43 X A [ AF: 55 Ja) S0 3ak S, SR H I 1) 1 %6 % 1 52 I, 32 350 GPM_AL 43 X P 87 Jo S A 45 AN W 4 1y
FOA AT 55,3 BOK R AT 55 B A8 b 0 T AN W] R B AR R G AR vk S R o FRATT T SR R G A AT A K
I, GPM_AL 43 X L 5 R HLAT 55 1 B Ja 1, VR 4 0 1) 2R 40 R 1 s 1k L3R 8.
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Table 8 Adjusting of task scheduling properties in every partition of GPM_A,
when taking account of CPRD
F 8 F%)E CPRD 5L GPM_A &5 X N 155 1 8 J 1tk 1) i A 5 SR

fE55 % Jit @ 3 X AEE AT R (KB) AT I [ (ms) EEIWD) ik (ms)
Tu GPM_AL 400 3 40 40
Trz GPM_AL 440 5 80 80
Tis GPM_AL 300 5 80 80
T GPM_AL 240 3 100 100
Tis GPM_AL 330 4 100 100
Tie GPM_AL 320 4 80 80
Tr GPM_AL 260 5 100 100
T GPM_A2 280 3 40 40
Tz GPM_A2 300 4 80 80
Tos GPM_A2 200 3 200 200
Tos GPM_A2 330 3 100 100
Ta GPM_A3 14 3 80 80

ARG 3 Ao XAR S5 (K 010 400ms, 3 HAEAS 7 DRI AN [ B2 SRS P A5 41 554 381ms [ I fix
S ARAT 58 1, LI AL BT 55 (0 A LE S 240 TR DRI, AR G A7 A G Iy S AR 2 R A AT LI AR AR R 4 4% 23 X
A BESEEAH 7], 52 75 %18 T CRPD 205 1, AR SR e A AT I [RDx L A P 10 Broms.

8

~

o

3]

SR AT I ) /ms

~

Tl T2 T13 T4 T15 T16 T17 T21 T22 T23 T24 T31
IR B GEAEAR G o AR I R PAT ) ) D AP AHOGIE B A IR LY AT 5 0 L R TN 1)

Fig.10 WCET calculated with or without CRPD of all tasks inside each partition of GPM_A
Kl 10 GPM_A RZHi% CRPD £y (¥ i R 4R AT IN ()X LE 1]
RABLF P Cache MR BN R Z TR FE T2+ Cache Miss K& A4 5 22 48 ] 1 B2 PE AL 21 52 mi ). 24
Cache Miss I [} A28, 0 7% & Cache 75 i &8 4k, 38 G0 AT 55 I 2 A AH G o1y B IB W 9, BFAMT 55 2 AF AH G HE 18 iR
Bt Cache K/NALHIHT LI W4 11 Py B4 Cache 7% 5 4% K ,CRPD FI{E /.

Table 9 CRPD calculated with different size of Cache equipped for each task
%9 A Cache K/h FAES5 T4 CRPD fH

Cache A | 500kB | 750kB | 1MB | 1.25MB | 1.5MB | 1.75MB | 2MB
{55 %

Tn 156us 118us 94pus 54us 48us 48us 35pus
T2 51us 53us 38us 32us 22s 24us 17us
Tas 43us 34pus 27us 21ps 13ps 14ps 12ps
Tia 6us 6us 4us 5us 2us 2us lps

Tis 51pus 37us 42us 33us 27us 25us 25us
T 85us 54us 34us 32us 19ps 18us 18us
Taz 41ps 45ps 31ps 28us 22ps 22us 20us
To 183us 150us 87us 52us 43pus 44us 30us
To 121us 84us 51us 28us 21us 24ps 26us
Tas 383us 314ps | 256us 231ps 161us 160us 153us
Tos 24ps 19us 18us 13us 4us 4us 3us

Ts1 281us 134us 89us 49us 42us 43us 32us
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Fig.11 Line chart shows the impact of cache size on CRPD of tasks

K] 11  Cache K/N% CRPD {11 15 iy

4 REERE

AL 1) 52 28 RN SR GE F T AE DA A OGHE IR 29 0 AADL BER Fty ) i 2 4 R J PR 9™ g 14 77 5K
X AADL J& PEBEAT I e A SLRE S X Cache BEAT (AL £ L IL A F S i T CRPD 293K~ AADL A8 vy ifi] Ji£ 'k 73
W73k e v AT 5 SR A TR RE G B3 Ly e 4 0 T S R S5 ) CRPDLZ T R G )2
107 1 T AT 55 Z 1AV IE o AT 2 68 28 48 m] U S (¥ 5 i, O HLELAT R 10 38 P 2 LR AT 2 DR AIE T G2 A7 40 538
b SIE 3R 24 ) S R PIAT I T U S 0 22 P AR SO v IR S B T I 1R AADL A7 fifs BE U5 240 TR K RT3 E A 20 T
LRI I 45 e 8 AR A5 B AR e T e S 9 23 o S 56 W) - T 48 1 PR A1 v 527 % B UCB-Union, ECB-
Union 7575732 CRPD &5 AL 5 UK, 4 28 58 (K04 55 B2 AN vl i L IR 30k 20 AN w8 B Jt B 45 o 5 2R AR AL
B AL AR () FR Ge AR 19 ] R J3E S50 B J5 £ X Cache 2 5 K/ AT %5 CRPD F5g M EAT Vil it R 45 B it
NAZHAH.

LT AT P CRPD 57 A 2 i AR AUk R U BE 530 1 BG40 B 1006 A 55 22 1048 B A 1)
CRPD HEAT U155, I £ 5 25 & NN SRR HRAT I 18] K 20 AT 28 SEAE 5548 o S 2B I 2R 8 AT O AH 2 58 R A 55 7T 3
JEEVE ) R 3R 2 AN [ 8 32 SRS o ST 55 18 o5 e B VA IR 22 5 P B i A 55 1) ) 0 G R A 23 X R 4
R JSEE 7 A S Wi TR, oy = 18 30 B SR LA K 7] 25 9k 28 IS DR A9 98 o 1 90 AT s s A5 g e S i 2t
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