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A Scheduling Simulator with Task Modeling Capabilities
for Real-time Application

YASUMASA SANO," YUTAKA MATSUBARA,! SHINYA HONDAt
and HIROAKI TAKADAf®

There are several real-time scheduling simulators to verify the behavior of real-time ap-
plications under different task scheduling algorithms. Current simulators cannot model the
application accurately and, consequently the results of the simulation differ considerably from
the actual behavior on a real computing system. This paper presents a scheduling simulator
with task modeling capabilities for real-time applications. The proposed approach supports
modeling of complex task control flows and dependency relations between tasks. In order to
evaluate the modeling capabilities, we modeled a real engine control application and simu-
lated it. We measured the average response times of the application model running on our
scheduling simulator and compared them with the ones obtained by running the real engine
application binaries on an instruction set simulator. The average of the percentage error
between both simulations was only 10.5%.
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Table 1 A Comparative Table of Scheduling Simulator
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Fig.1 Simulation flow diagram.
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"task”: [{
”period”: 36, J* BRI x/
?priority”: 1, /B x/
7id”: 1, /¥ Z A2 1D */

”deadline”: 36,
?attr”: 7cyclic”,
Yoffset”: 5},
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2 77V —va R 7ANTDY AT ELDH]
Example of Task Model in Application Information
File.

=
Fig. 2
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1# VY—R1DEH

2 @@resl = RESOURCE.new(1)

3 @@model = 0 # E— FEHDER

4 def taskl # F 27 1 D¥ A 7 JAHFLB

5 if @Q@model ==

6 act_tsk(2) # ¥ A7 2 zLH)

7 @@model =1

8 end

9 GetResource(@Q@resl) # VYV — 2 1 25
10 exc(l) # 1 HZRE 94T

11 ReleaseResource(@@resl) #Y ¥V — A 1 Zfi#
12 exc(l) # 1 H{ZRfH] 9T

13 end

B3 &A7BEDET7 7 A )L Dfl
Fig.3 Example of Task Modeling File.
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1 12:1:chg-mod:@@mode2:2
2 15:1:act_tsk:4

B4 >FIA7 740D
Fig.4 Example of Scenario File.

1 [100]:[1]: applog strtask : TASK 1 :sig-sem()
2 [110]:[1]: budget of application 1 is 10.

3 [110]:[1]: task 1 becomes DORMANT.

4 [110]:[1]: application 1 becomes EXPIRED.

B5 >IaL—sarvualof
Fig.5 Example of Simulation Log.
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Fig.6 Example of TLV Screenshot.
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W27 & LT, FAH, TR, ISS Tov
Sal—va VIERDPOFHHIL 2 FEE SR T 5.

RTSIM 238% 9 £ 7L, & A 7 ORI HilH
WsC, ¥ 27 WNER, ¥ A 7MEERITERTER
WY, RTOS ® API I EHTELETNTHS, E
THERNE, > v VBT L FRRICHEIERETH 5720,
SV TIVETIVIC “acttsk” BT ZZ LItk > T
S 5. 77> 7 OBERICFAT 2 #hAALE I
LT3, FEEMED2 5> 7 OREMICRFEL T3
72®, RTSIM €7V OHIKITIEHEBLT S I L23TE
2, ko, 77y 7 ORI R 2 EA AL
W&, iz & ERBRIC, £TISSDY T2l —y a3 i

(© 2011 Information Processing Society of Japan



2011

Embedded Systems Symposium 2011

ESS2011
2011/10/21

700 -
Alus]
600 -
500 -
400 -
300 -
200 -
100 -

-100 -

—-200 -

-300 -

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

TASK ID

8V FILETIL
SRTSIMET /L
BschsimETJL

7 1SS TOEEL, schesim TOBED Y A 7 FYERE D7

Fig.7 Error of Average Response Time between ISS and schesim simulations.

R SFHL Ao THECcHRET LI L LT B,
schesim D€ 7 )V (schesim €T I EFER) TlZ,
4.3 i TR R EZFET VRN T 5. ¥R,
HLA BT FEATIRRRI AR IS K & { 20T 2858
1, FEETBERY A7 NEHERICE D ETILL %,
TRt ps 12 ERE  ETRRMDE(L T 285
&, PHEICEL T 2 =T T—5 2 ¥ 27
WBERNORSITES L, 2 Dllsld & FiTHK %
WETB LI k7L, Z2oHAMEDfIz $ %
RIS B ps BIESNDH 5. 2D X I il v
TUTE T VICIERE T, FHEE W, SARSE
IEXRC & 2 EBARNBEOEIE, APT FHTREE, & 2
2DOYINBEAR, AP a— v IHD OS DULBHEE
Rz & 2 7 DFEFTRRD IR CIER IR W 720, €T
VIR L Tz, 75 v 7 ollifgIc AR 2 E5A
ANENE, 7T v 7 OEfER BT 2 IRED S X7 %
R L, 205 X705, EAANBAZFAEIE S X
I L7,

5.3 §F il

TV OERENMIT 20, v UHlE T
TUr—avDEFT77ANL%E ISS ETETLE
R L, schesim T v 7 VETIL, RTSIM EF)L,
schesim EFNV %> I al—vav LR, 2

7 DG EREE Z IR L 72, SllE, £T7L%
167,000 FAZHFRESY S S 2L — a v LkiEz v
7o, YIalb—vavEER, DToEYTH2,

e OS : Mac OS X 10.6.7

e 7t vy :213GHz Intel Core 2 Duo

e XEY :2GB 1067MHz DDR3

e Ruby : ruby 1.8.7

X 712, 1SS TD ¥ A 7 DT ERM (Rrss
£9%) &, BETILTDY R 7 HOFHEICERR D
72 (ALT3) 237F. K8IZ, RissiIN¥ 3, A
DHEERT, 2%, TFNEDADHIHEDRK
fili & F¥MlH, Rrss 1203 2 ADFHEDOE A& DA
fiti & ¥z R,

KX TNRE Ly P U 7Y r—v a v
1Z, TASK ID 2VNE ¥ 2 713 EEIRREREL e B,

K2 vial—variERozLy
Table 2 Result of Simulation

IR R O ADMHEDE A %)
FEDHENE [ps]

EFNA ORME | CPEE | BORfE BRI
SUTIVETIV 620 41 82.8 25.7
RTSIM €7V 620 40 119.8 25.2
schesim €7V 45 6 36.5 10.5
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K755, BRENEGY A7, EDEFNLTYHISS
DY Ial—vaVfFREZEEAEEIE, ZoH
M, A7 NE Z L%, INEREDIZ
AEDRBOETREIIC LD 5D 6TH S, —H,
BREMMRNS 27T, v 7LEFI, RTSIM
EFNMICREREBHTVS, 2o, 27,
HEAARYIE DRI Y 4 2> 73, 1SS THY T 2L —
vaviERERLRSTEY, KENES R 2T
5B S A 7 REHA AR > TH 5720 T
b5, ZNTIE, FRT7DEGEFHRESE LT
W37, EMHIZETIUETE TS LIZE 0,
B 8IZDWTHFRD I LT R 5.

UK LT, schesim ETILTIE, £2 X0, P
VBRI O R RRAZL 4bus Llx o708, ZDF R
713X 8 DEAETHS L 35NRETH D, T, #
BTHI L EDRKHREL 36.5%THBH, TDF A
0%, K7TDETHSESusBETHS. ZN6DM
INEEZE L, AEOETFVICIERBEL Tuky, § 2
7 RHEAA WP D EATRE DM % S, ¥R 74
DREZLED OS DA ="~y FPFKHELTEZDS
N3, INSEEFNICKMEESLZ LT, XbIFE
BRETNIMERTEL LEER D,

P EDHMRID, schesim ZH\W23 Z &T, kD
AT a—Y Iy aL—YDEFALY IEHER T

20-8

TV r—=varveETAEERL, Y321 —varT
EDEDMERTE, EfERETLVEHWS Z LT,
WIZ1E, KL THNRE Licn vy P UHlil7 70 7 —
avitHl, wAFTaey Y ETORAYY a—Y
VI RBMT 5, OB 7Y r—rav AL
BEERIA P2 —Y) v 7 2EHT 22 LDTIREL 2 5.
KX DT, v 7 VEFN, RTSIM €T,
schesim ET/NVDY I 2L —¥ a VIZEL ZRIZZ
nrn, 7.6, 6.5, 5.0 THhoN. TUTNET
NDY T ab—yaryP—FRVHEEAEZ, 2TDFA
7, HEARNEE IS A7 L LTIE L TH B0,
R DABIRFZ e & DA R b ZEHT 2 U ORFHE
PR GoEEZS5NS, RISIM €70E, v
TNETIVIC “act_tsk” ZBML 72729, ¥V 7ILE
TNE YRS 27 DD, LrL, 77V
DB AL 2 EhA AN, FBY 27 L LTE
WL TH D79, RTSIM ETFILDORS 2 7 0¥z,
schesim €TV L D%\, koT, YV 7LETNLE
[FIfEDOFHE T, RTSIM € 7LIZ schesim €7V LD
PIal—yaVICETIRNRES okt EZS
ns,

6. B O IC

KX T, & A7 0% FMICERTRER T 7Y
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r—vavEFLE, ZOEFAEREIL I aL—F
PREL., =7V I HEBEORHMED - ®, schesim
D) ETFNEMFEDAT S 2= v Iy TalL—%
B EFILT, TV VHIET V= avEE
FUULLT, ¥Talb—yarvlk ZoOFE, 1SS
TOY 2L —aFERISHT S schesim TD Y
Tal—va VRO Y R0 IER O
12 10.5% TH-o7. Zhuckh, v U7 7Y
FT=2avDI)E LT TV r—va TR T
b, schesimZWMHT 52 LT, KHIEMERY I 2L —
avitREBL I LN TEL I L RMERL .

SHOEEIX, SMP Bl LS Faky 7 —F 5
7F v BHELEAT 2=y 7LD A L%
R—=—rTB2ETH3. AMPHILF IRy 7—
X7 F Y OEAR, ML v v a Ty B EEH
BT5IETHEETEL, ZhZxLT, SMP =
NF 7y 7—F77FrDEEE, aT7RTL
T4 F2—%HET 2% & schesim DKIBZ SR D5
s, ZOMOFEE LT, 2—FHLVR
TP a=N Y ITNIY AL ERGICFEET 0D
AVI—T72—AEREBT LI LB TN,
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