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Abstract: Interrupt and context switch are basic mechanisms for multi-task scheduling in real-time and embedded systems. During
schedulability analysis, the overheads of the interrupt and context switch should be considered in the calculation of tasks’ worst-case
response time. The current calculation methods of response time add interrupt as task with high priority, and simply add the overheads of
context switch in the meantime. However, these methods neglect the details of practical systems and roughly give an inaccurate
worst-case response time. In this paper, the mechanisms and time flow of interrupt and context switch are thoroughly described. In
addition, their influence on tasks’ critical instant is discussed. More importantly, a much more accurate calculation method for response
time is presented. At last, simulations is conducted to validate the improvement in accuracy of this new method. The response time
analysis accounting for scheduling overheads is extended in this paper for the resource-constrained hard real-time systems which need to
accurately calculate the response time.
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Fig.2 Timeline of interrupt nested
B2 ik i ) R

A
—— 3) BEA R R B R 1
RS PR SE AT 4 45 6 12
N
2) ISRALBEHESR A1) o
I A REWA
AT
R AR
FUBHL A ST 55404 T
1) 4745 ikt b | 'aw¢%m%mﬁ
| |
RAESIEENT F———————— : ————— 1» A5 RS T
f— Fi—y
1 1 -
NS

Fig.3 Task released by interrupt and causes preemption
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Fig.4 Timeline of interrupt handler and context switches
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Fig.5 Example of context switch between tasks caused by preemption
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Table 1 Interrupts of the system
x1 AL

P RE BB (us)  WCET Ci(us)  JAMAT: (us)  AHXT#R 1IN (D (us)
TIMER1 1 0.060 22.24(97.46) 4000 4000
EXINT2 2 0.120 14.18 1000 1000
EXINT1 3 0.190 14.16 500 500
EXINTO 4 0.105 79.67 40 000 40 000
UART2 5 0.190 16.13 521.6 521.6
UART1 6 0.220 16.14 260.8 260.8

Table 2 Tasks of the system
z2 ARZMES
T% 5 %gk  #3Enaa (ms) WCET Ci(ms)  JAMIT (ms)  AHxt#k b 10)D; (ms)
Task1 1 0 0.003 18 40 4
Task2 2 4 12.678 72 40 24
Task3 3 28 7.188 58 40 8
Task4 4 36 0.563 79 40 4

FR G0 [0C U ms  BR I B 0 P (cyclic executive) 2L 75 BRI J3E 2 A S IR R G832 K T 16— ol A 0 kAT
25V S5 SRS, TR R JBE P SRR S 1, B e T S U 2 5 DRAF AT AR A% T AR5 7 2R 40 1L DA — AN 7 T e 4 e 53
AT, XA B AT 19 F BAFR Sy 3= 5 3 (major cycle). 3= 5 8 Sk 43 Sy V8 22 /08 B 1) B, Bk g i (frame) 2% 7% &) 34
(minor cycle). f5: AN UH i 7 — AN 5 B AR A S8 HRAT (04T 25 511 2, 38 51 2 L 40 T PR AT 45 AE W AR 4 ) 220 1R &R 48
(R e s v AT R 95 6 T80, 1 M ) 255 SR IRT 220 406 491 56 .

{255 LR T 4550 T AT A AT A0, B UART L th T AT 58 B8 05 B S BEBUT 45 1 AT B AT 45 1 o sl
AT 55 WAL 23 ST 20y S A AT 45 13 B IS AT FH s J A B D) 45 T4 t,0=35.87 s B 1 56 i W7 B i) ™ =
50.71ps. 7 AR A AT A i v 388 381 LA 5 A 75 AR A (1) ) S8

1) HEUEIEMNARAE(IUN void Delay_us())>R HAE AT e I £ S0, 3K A 00 T, RIS B o I 46 A7, S IS B B

ISP I A AN — 2 3 Bl A, AN i B B 4 o YR 0T L i 2 RAT I TR H BT
2) LEONS3 X/ SPARC & R &M, K 728 T LHLH . s T 5 16 B 7 AN JT 4, 75 S0 2 #1.



1694 Journal of Software #fF34% Vol.29, No.6, June 2018

511 ARSI

7 FL AT 55 PR SE I R B A AR 52 I 28, A2 — MIE IR TE 0 v e 523 DU I i RO, 0 9 B0 (B 1EAT PR AL
RSB RE I T8 SE I 41 1] 13 (@) Fir s, bR BA RS AE B A 15 B IR 85 I [) A0, £ D s 32O ) 28 {8, S 2 11 5 B,D
PR FRD I ) 22 SR Aff 5 A2 IS (14 I )

|
l IR A I | hERARE R I T 5k I AR

v
| | |
| | | |
‘ﬁ ¥ ¥ ‘ -
4 ‘B I c b D -
| . ‘ AP e b} /s
S R e @ PR+ Rk

VLI 2

| 11
ll L 9| i
| ¥ vy L A .
: >
| AT B FE IR o) ¢ SRIEM T E] s

< <

>

WA (b) WIS R

Fig.13 Analysis of delay interval
Bl 13 SEF X [R] 43 A

— 5T, BT N A R PR, A LA RIS I 1) AT SR (A 0 R K E I 28 RS FE R 10us), JF
L BR HOARH A T 485 13 IR T A 2 T 5 R AT 25 A1 ) W ) A W B T R AN A 55 1 80 LAV I =8 O
75 A RUR C RURAEBEAZ, T LU HH  BEARE 19 532 o 1) 2 B Bf [ g 16, T4 B s B R I A 5, D iR R &
TR C Rl BB AER I TR A ty, MR IR D0 N IO E I IS )24ty Oy 25 20 19 B A ) B §y=1.5ps, 73 1 40 15 A
PRI,

37 T o R A I T IE 38 B I DX TA) 8 4 R o IS 8 11 S I 45 o7 81 S8R O HL e A 3R [ F) v 7 2 ]
13(a) Fr715:B 1 Z HIRE TR P I 2 B8 I AE: 55 (K Wi W I [R]4E B R 5 1) C sl ZRTRETRUFAE C R T AT S8 R 1Y
o BT AN 23 5E W0 AT 55 R R S N )57 C Rl Z BB IBOT LB C s TS AR AT 56 R Hh W2 358 7 384 o0 4 55 16 Wiy 17 I [
C miZ )i D sIZ TR T W 2fs D s i3 HUR [ 45 F 48 ), 2 388 AT 55 Wiy 12 I 1)

L5 M, AT LALL C i B REAT 55 23 DA S I DX TR R AR S I X ) A S I X ) B gt AT 23 B (BB 5 AT
R T B AT, A R B

TEIE 3(IFIE AT X 8] BY LB RY ZI). o0 T 4 I &5 A AR A S B X R] 7 55, 3 5 B I 1)t LA S I 45 TR I
i IR ) (L6 A8 N 220, T A e 7 — 55 R TS A i I, b 5 9 7 5 11 L] S0 B e /0N I ) ) B 38 3%

TE B A P A3(b) s M T 1 RIS ) 5 S I 45 R N (R ELBR AR I 2 2 T A Oy S A4 O;=0,
V) 0y 2 39 0 A 95 Wi 2 I 1), 53 43 O e/, F T 1 w] BE AR 46 7 BB 2 il Op=0 I, T T 1 Pt B K AT O<<0, )
Iy 5 5 I 35 36 28 N 220 2 TR AT 308 23 AN 2 38 AT 55 Wi JS2 ) BB O AR ik A 55 Wi 2 I 1) B -2 9, o BT 15 1)
FE B AR T BUL 246 1.5 O5=0 I, BT 1y 1T dse K. T 453, 05=0 Sy SRR 1 I 220 %8 34 B 550 (¥ v I, A7 28484
2510, 5T FLAHIE. O

BAT S5 3 IFLE P SE I A AN A ng, AN I 5 A PR IR 10 247l g, DO S PR 65 23300 15 P DX TRD AN B0CA) g+ 1
AN FCRZEPAT I 255 Cige 70 EL Cick S R HIEL AT 22 3K(2) v STAT 55 Bl 73 1 15 ) A 42 I X 1) 14 e 22 Wi %
IS TR R i PR AR T 18T 20 A7, 95 A 55 AR i 2 W 2 I 1)



T B F# BT A b T SR T4 64 o6 5 i1 AT 1695

ng +1 n,
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Table3 Composition of Task3
F 3 A5 34
B WCET (us) &AM ZEWI A (us)

Cs, 18.52 das 10
Cs, 2.97 ds 2000
Css 70.5 daz 5000
cd, 95.91
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Fig.14 Call graph of task4
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Table 4 Analysis and simulation results
x4 N E AR
AW AHTEmS)  PTEE(ms) R (%)

Task2 23.808 10 22.764 64 4.58
Task3 7.770 85 7.502 10 3.58
Task4 1.323 95 1.191 44 13.25
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Table 5 Task parameters
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