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Study on the Analysis Model of Control System
with Shared Resources based on SysML 2.0 Concept
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Abstract: In the architecture design methodology for the controller of real-time control system, it is impor-
tant to realize an appropriate system analysis method that can evaluate satisfiability to system requirements,
together with an appropriate model description method of various aspects owned by the target system. Re-
garding the modeling method of the real-time control system using the shared resources currently under
consideration, we report the system modeling and system analysis results based on the Analysis Concept
Model which is the meta-model definition of the system analysis proposed for SysML 2.0.

Keywords: System-level Design, Realtime Controller, Embedded System, Shared Resource, Computational
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2. EITHR

AR, MR AT LOEBREZENIELS T Tu—F5
L UFR L LT MBSE 2#Ef T3 [1][2]. MBSE T
TR AT L2 XLETIHRLSET VL > TRETSZ
& THROESA, T VEMMIC L5 MRL, £z
MSEH EIZE 2R ROEEDY AT LG LDk~
R AEMAMEHES [1]. £/ MBSE A €TV V7 S3E
& LT SysML A fE#EfLXNTH D [4], SysML IZ X5 E
FUNREERAWEZE Y AT LAY V=T ) I FERN
MEtEhcwa [1[2][3).

SysML I%, UML(Unified Modeling Language) ® ¥ 7
Y MR UV AT AT V=7 ) v BRIk %
fTo1-ETV VI EETH S [5]. SysMLIZE BV AT LD
EFIVEt % TS (Structure)] & THEZ 8\ (Behavior) )
ERETDHETV (XA T 7T L) 2HVTHERLA A
BTHY, YVATLRZY Y =7 ) VI TRDENDRE~
BMYATLNERERBTSH-00 [ERK] &, VAT A
DEFEHNZRETS (X5 2  Y w27 2 UML ~AD
RS & LTENEh T VW 5.

3. SysML 2.0

BH O SysML (N— 3 > 1.5, 2017 4E 6 ARfA [4]) T
&, VAT LINT2ERP OB, £V AT LADFEL
KEETEZETMEDHRLELTWVWED, DAY ¥ —
N—a v TdhHb SysML2.0 TIE, EFNMALOR R %
PRERL, BRA Y — VY R— b RETILVIA T T ) %2IEM
4 5728 D System Modeling Environment (SME)
T BET ) VU BRBEAEROMERRE VD S Tn
% [6][7]. SME &Y AT LAETIVIZKT B construction,
visualization, analysis, management, exchange and inte-
gration FDOFEBEZHEL LTW5 [6). SMEICH#U/-ET
WVEBARHATZILT, YATLIVI=T I VI
1} 2RRA IR R BRI E h, Y AT LAEBRG &
SIRAINZEITL, &0 EliRy AT ZEBRIEOL 2 L
W TE 5.

SME TH7ZIZBRHA I NTWBETMEHRD 1 DI
VAT LDEREMNICET 5 E T I DDHD System
Analysis &, TDETFNRHDZH D Analysis Con-
cept Model %% % [9]. Analysis Concept Model 1% A
TULRITOHEBE A ARETIVEETH D, BHLi
HHEMI T FETVTHEINT VWS, K1 253
2, TOaAYE TS bOTOy VEEMERT. £, TO
WEIZDWTEU NI HIIY .

System Analysis € 7L CIXEROMENTFRR] & 72 5 Ef-
fectiveness Analysis, Risk Analysis, Cost Analysis, Trade-
off Analysis ENERINTWVS.

% 7z System Analysis (&, fiffT 12 B Z 7274 B (Analysis
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«Block»
E System Analysis

‘T’W
’ [ 1‘ |

«Block» «Block» «Block» «Block»
E Effectiveness Analysis | = Risk Analysis | |= Cost Analysis | E Trade-off Analysis|

| w l

«Block» «Block»
E Cost Risk Analysis E Technical Risk Analysis

«Block»
E optimization

«Block» «Block» «Block»
H Schedule Risk Analysis E Project Risk Analysis | |E Probabilistic Risk Assessment]

1 Types of system analyses (SysML BDD)[8]

Objective of the analysis, e.g. verify requirements, perform trade-off between performance and cost, find the
optimal design that maximizes performance/cost function, etc. Depending upon the objective, a specific analysis
type needs to be chosen. Statement is a rich text that describes the objective and has model-based references to
other objects in this meta-model.

What is being analyzed?
Total System = System-of-interest (SOI) + operating Environment at different states in the lifecycle.

N What are the key parameters to be
+ purpose \\\ computed for this analysis?
Block: AN - Key performance parameters (KPPs)
- Measures-of-effectiveness (MOES)
<Block» - Risk parameters

+ sublect E System Repi i
attributes T system /
+ properties: Property [1.¥] !
/
/
«Block» ,’l
E property [
+ of interest attributes
+ name: String [1] N
1.# | + values: Object [*] physical measurement on
+ unit: String [1] a prototype / actual
* Q+ analysis system.
«Block»
H system Analysis
attributes

Analysis model represents
the computer model and
technique to compute the
parameters of interest.
Analysis model could be
computer-based
executable model, or a
model representing

+ computation mode — <
«Block» E Model Type
E Analysis Model *type 2

attributes
s system analysis | * language: String

operations
@ + Setup analysis()
@ + Execute analysis()

Result is a collection
of information
objects, such as data
~{_[files (e.g. csv),
+ modeling s/w images, videos.

& + Save analysis results()
# + Take decisions()
& + Query and compare analysis results()

+ result

«Block» + viewer. «Block»
T E Information H Software
«Block»
& Analysis Relation —«‘ An analysis can be related to other analyses, such as a sub-analysis, ‘T

derived analysis, etc.

«Block»
= Expression Evaluation
attributes
S+ evaluation result: Boolean

2 System Analysis concept (SysML BDD)|8]

«Block» . 1v «Block»
E System Representation 1 E property
«Block» «Block» «Block» «Block»
E Design Model E prototype E system E Descrete Property
J7 J7 «Block»
«Block» «Block» E Continuous Property
E System or Lifecycle Process E Prototype or System

«Block»
«Block» E Stochastic Property

E System Lifecycle Process
«Block» «Block»
E Design Process E Disposal Process

] v

«Block» «Block» «Block»
E Manufacturing Process E Operation Process E Maintenance Process

3 System representation (SysML BDD)[§]
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Objective) , Z DMt 2RO % 7137 1 (Property) ,
M€ 7V (Analysis Model) , SR (Analysis Result)
, H#&HY7R Decision F D€ TIOVIEHRIZE T 2 HEEEHED
ThnTwna.

Analysis Model I35 > A 7 L KB (System Represen-
tation) 22 ML, Y AT LBRNAET SN, T OREEH
BT oL MR THS. 2B System Analysis Tl
IR 7 System Analysis DFFOH U 2 FE L, HEOME
Mt R IZFD 72 Decision O FEHED T REE 7> T\ 5.

System Representation (&> AT LD E FILVEldR & 5
Design Model ® & Tl7 <, Prototype ¥FEL AT L%
NEVATLLEUTHELTWS.,

4. HBERABWHIES 27 LARET

HilEH 2 > b a—F TR L REEEE T H 5 Hl R EE
ey M7 — 27 BEFEOSFEY — ©ABRE & O & AR
MRD 6N B EAFEOERRIHIME S 2T LFEBTIE, WHED
EWHERERFED 0 AT 20— R = 7 EJRORMIN 22 3L E
& D IR MEEAERER T —F 7 7 F v %G FENBE
Lo TWD., TOHFFEL UTELS L, HAEEJHE
FhEREHWzZaY bA—F - T—=F T 7 F YR D7
ODYAT L - ETV VI FEERELTVS [10]. AF
ETIE, FEHEVPEELPTVWT —F T 7 F v EOBEH
WET VAR Z IV, MATLEE)E, REEEEE &R
HH TS Wi T e ADZBRNENEE GRS AT L
2L, MEOEWY I 2L —Y 3 EIEER & YRR
EAREELTWS., KVAT L - TV VI FEOMES
X 412 TmRY.

HEFERETIL K—
=+ EREC EHE (1)

Hcpu

S g HiEfsaE

S+ R RIER (N)

EBUS
i i 5 Hith i A A

v Hxxy

HAEERERE 17 | f‘l??’ . «Interface»
EHBER(I1-2

4 £EEFETVERZHVEZYATL - BT VI TE

ARFRIZBITEYIalb—Ya vyOERBEFETIX OSCI
(Open SystemC Initiative) @ SystemC 4 7' F V) % i
LTW3., F-EFERETFTVCAEREZMAT 28EE
TVE, AZ4 77V TRFS NS C+4+ 57 T ATAT
TV EMAGHUMEL TWS., ZOMEEZX 5 ITRT.

5ZmM U7z A EIFE TV (slmresource) & BIfEET
)V (slm_shared-module) %\, B 6 127359 SRl &
AT LEETMEL, ET LAY Iab—YavT5sILT,
BT —F 727 F ¥ CORIELEORERERTRME (BT,
HEALEEIRF]) & BENIEDFEHRTRE (BT, @EN
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Bisystemc
Bsc_core
E sc_process_handle
E'sc_module P =P = Hsc_object
. + suspend()
# + resume() 1
+ waiting_process + locking_process
Bislm
1 + waiting_lock_list
Sslm_mutex_queue 1
@ +in( inp: 1
+in( in p: sc_process_handle) Hslm_mutex
@ + out( out p: sc_process_handle) # + lock)
1|#® +loc
Hslm_shared_module & + unlock()
1 *
(>————————> HsIm_resource
+ shared_resource|

5 AT 2HEANL Y 5 AME (UML 7 7 AK)

TRFME) 2R U THETAZ W HHETH 5.

CPU&EIR
HEER HcPUcore
AR AR
e | onm L oseg L sem .
ElIORefProc| .| HctrlProc EComintProc || EComSrvProc || EDatTrmProc
107" 54018 FIFEDALIER BIEELAHINIE SBISY-L" AL 7 -HRRRLIE

KAMERODRENEHIEH T O—2RY

M6 HAEEFEETLVEMHALIZVATLAETIV

5. SysML 2 [C@EF=f#FETIV

HIE O HIH >~ A T LEEFH % SysML 2.0 @ System
Analysis Concept IZED EFEHT 2550 € T IVL% G
U7z SRIZ DO WTARETHHT 5.

Analysis Objective (& T#FEBY X7 2{&JHL, il
TEVALERIRE ] & @ (5 LB &2 S s e DA R & U, Y7
IAMERDBAY IR - FHEAPELERET L] AR
Ihd., Zo T8EFEHY X2 ] 1% Risk Analysis €7 )V
WCTHEI NS D, ZOHRTHMRELE L\ Technical
Risk Analysis &, ##* Time-to-Market ~ D& DK
%\ Schedule Risk Analysis 2’ XK & 75 Z & 2%\,
Z 45 Risk Analysis DFER E LT, AT 5 1CHHD
B X (7 =% 7 7 F ¥ OHEARGHG ] OBIFEMAGER X
N, Zh 5D System Representation 1251725 H/W 7 —
FTIFYDNRIA—REY b 2EZBEEZONS.

HW7—%727F ¥ NRNI7A—XLy D1 DL LUTH
EINIREDT—FT7F vz, SIWT—F772
F v (BUHD CPUE| D YTREMET—RDAE)E DY
T) %37 A—=&{LU 72 HlE&EH System Representation
DNRITA=REIRD,
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System Analysis &[S A — X2 EHLRA S, W
A b & LB R R X 5 AL B R O M REFE I 2, Cost
Analysis ¢ Effectiveness Analysis & T % &%
Z 515, Cost Analysis & UTIEfEHT 2 IC HM BT
%A DOMANZHE D SRR ZITS Z LA WHETH 5.
TEALEE IR &l (5 BRI, A B & (L 3 2 B 7
VAT LABETIRY I 2L =Y a VEFRRELRS.
#1d System Representation % Analysis Model T{#H$
% SystemC IZ & % System Representation (ZZ5# L 72 1%
WW¥alb—yaVvERFL, ZOKER %% Information
RIS 5 Z L TEHL S 5.

Analysis Model DY I 2 L —¥ 3 VHT14 System
Analysis (251} % Analysis Relation TH{ DR U T X
N3k sd, ETTRONZERDOEEIZGLUTELEHN
BB LA BT L 705, RHTFEMS 2 A 5% AR U @ b
BIGHITRHRE L RO 2R A 570D/ — MREOER
MNEETHD. TDEITIE Trade-off Analysis THUD
SeEZOLND.

ZFN6DFER L 705 Analysis Result (2% L, Analysis
Objective 70 5 % & X 115 Expression Evaluation (2 &
D HUEHPANEE 21T > AR 2 R L, ThiZHEIEY
AT Li%El#E M Decision % N3 L 5.

DX MG DHITE D, MEthDEKEIFEE SysML
2.0 @ System Analysis I CHEBARETH S Z L HVHIEHL
7=, AWETOFER%Z SysML 70y 7 EHK %2 HWTH
BUZETVRERNTIZRT.

6. BbHYIC

HEERZ HW- Y A5 L#&%dH %2 SysML 2.0 ¥ A
TULENT Y T NTERAT2HEDET VAR,
TS 2 MNTBERE L T E TV & SysML 2.0 / Analysis
Concept Model IZX DI AIGETH B Z L D35 D o 7=,

S, RITET VAROFMES KOBELREET IV
WEOBMEBRE2FERL, BET S AT LN % FET
A[HE7R SysML N—ZADE FIOVERROMEE %7\, SysML
2.0 1IZHD K Y AT LARGHFEO FEERHE 2 D T <
FETHD. $ZOFHIERRE 7+ — K v L, filf
VAT LR FHEOURDIED TV FETDH 5.
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