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1 The drone shall be capable of
hovering at a fixed altitude for at least
10 seconds

g 2 The drone shall produce total thrust
equal 1o of greater than its total weight
during hover

3 The drone shall have four motors,
- ®ach contributing equal thrust
4 The drone mass shall not exceed 2.0

oy - kg including payload
- 5 The total thrust per motor shall not
oxcend 5 N
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b MATLAB/ Simulink nnt s v S ZMATLAB.cmd x~ h]l De z 38 2z IMATLAB.exe X
6 z| 65/

rem set MG_MATLAB_EXE_PATH=c:/Program FilessMATLAB/R2021a/bin/matlab.exe A
set MG_MATLAB _EXE_ PATH=c:/MATLAB/R2021a/matlab.exe

A 1 ¢ IMATLAB EVW AT | zR2023a © y Z 6 H

_

A sx ! statemd © 27 af kW k"mCFk~ A hdi "xFiley J Shut Down e ¢ mf &5,
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Al MATLAB /Simulink x 0 z ms &S 4t & H x m3 s h| £ 55 G
A X Mg e g, % MATLAB /Simulink n Z
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EV2.

ke
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b example

EV2 83 k Cs x | EV2.ipynb (

Jupyter

EVDFd™ sz

gber)e CFk™ Kd™ #ln-17x' vy HUA®E bs+

EE +
c e 0D et
File Edit View Run Kermel Git Tabs Settings Help
- B+t Cc ¢ Y @ Launcher
B / example / EV2 / a8+
O e - Modified
™ sipj 10mo ago
®
O Ev2pptm last yr.
=D oevashk 10mo ago
D) Evasixe 10mo ago
B E evasysml 2d ago
0 Ev2adsm 4mo ago
A EV2MgPyipynb 2d ago

O evamgPyxism
D) evibsbe
A MgPyMgSExample.ipynb

last yr.

4mo ago

Simple. oM 2 ® € MgSysMmL|idie

X W EV2ipynb x [
L <] v @ it

oo »  Code

Electric Vehicle Example

Target EV model

A simple 1D EV model, consisting of a battery, a motor, and tire. Each of them has a #simBlock action (inheriting
StateSpaceRepresentation: :ContinuousStatesSpaceDynamics ), which corresponds to a Simulink block.

Note that attribute values marked with @MgS::Param are reflected to the model workspace of Simulink.

zp" xb
Ctrl+Enter

K x 4
m

last mo, l [

%load EVZ.sysml
Y%edit EV2.sysml

%viz --view tree --style comptree --style showinherited --style stdcolor --style lr EV2::Vehicle

Compact and Large EV Contexts

package CompactEV {
private import EV2::¥;

part vehicle_compact :> basevehicle {
13> mass = 888[kg];
action :>» battery {
i3> capacity = so['Ah'];

}

action :>> powerTrain {
action motor : EV1ib::Motor {
13> torqueCoeff = 10 ['N-m/a’'];
35 motR = 4['0'];
> motL = 0.2[H];

action tire : EV1ib::Tire {
13> moment = 200[ 'kgm?'l;

%edit x § &) B ke
"l ndzdvbue

b 4 e v K(r X

[2]

z EV2.sysml) wt X
m m‘b 6 H

P *3» radius = 8.5[m];

%viz y 4

style comptres --style shouisherited --style st&olor --style Ir EV2::venicle 4 &
—
- -
— ——

cactns
powerTran SmSubsystem

parameters
in 2 ngut SisteSpacelynamucs. s
scoet >ISOSpaceTime: accelerabon
votage SISO lectiomagnetsm: eisctcPotental

ipynb x M

Jupyter
e .

nekuwe

Kernel)
H g n Lem‘b 6 H

%edit EV2.sysml

Edit EV2sysml

Save  Reload  Toggle outline | Hide visualization | Fullscreen
1 //* -*- coding: utf-8 -*- 1
2 * SysMLv2 EV2 example
3 w Hisashi Miyashita <hi
4 AR R
5
6 v package EV2 {
7 public import SI::*;
8 private import StateSp:
9
10 public import MgS:
11 private import Quantiti
12 private import Measuren
13
14 attribute <'A-h'> 'ampe
15
16 v attribute def TorqueCof
17 private attribute I
18 private attribute n
19 private attribute ¢
20 private attribute ¢
21 attribute :>> quani
22 }
23

out I output StaleSpacebynamecs: i
t—‘wre«_aﬁoeau esscincCurrent
- force >ISQMechancs force

ambutes
*aName: String
metadeta
style
propenty = “sutolayout=true.* J
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EV2 | f ke &+ (2:SysML x 9) SCSK

b xbk(®mzpedyr)e ) (Ctrl+Enter )n 3 zSysML nz| o &L &
b o etwHdkz%edit m ytvHdkn s3I VMék m steH

Compact and Large EV Contexts

¥
[4]: package CompactEV { .
private import EV2::¥; / @ !/
< Z
part vehicle_compact :> baseVehicle {
:>> mass = 8ee[kg];

action :»> battery { .
:>> capacity = 50['A-h']; r] E d D K n v B e
by

} @ -

action :>> powerTrain {

action motor : EV1ib::Motor {
:>> torqueCoeff = 18 ['N-m/A'];
;> motR = 4['Q']; .Hl/l bMUbul )S e
13> motL = @.2[H]; <_/ e - N ~

} 2| r & H

action tire : EV1ib::Tire {
:>> moment = 200[ 'kg-m?'];

:»» radius = ©.5[m]; SySMLV 2 mz EI'F )g s p
} = st f| f
bind input.voltage = motor.input.voltage; &
bind motor.output.current = output.current; / ® b v I 3 H N b E|E d D K N e S U
flow mt2tt from motor.output.torque to tire.input.torque; Z _l r € H

flow to2mf from tire.output.torque to motor.input.friction;

bind input.accel = tire.input.accel;
bind tire.output.force = output.force;

Copyright © SCSK Corporation 8
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Analysis Evaluation

[

s MoPyrpm 3pN +l¥nwembs-H

b

B

[71: %mgs list 1

[ 7]+ analysisCases, smallEvVAnalysis, efficiencyAnalysisSmall, largeEVAnalysis, maxSpeedAnalysisSmall, rangeAnalysisSmg
lysisLarge, subAnalysisCases, efficiencyAnalysisLarge, maxSpeedAnalysisLarge

[8]: %mgs exec rangeAnalysisSmall

S sMLv 2mx Hd k.,

[8]: [Success] Binding: null is mg 3
[Success] Binding: null is mg Mgs I l S|mU||nk 3
[Success] Flow connection: mi S f l S gL
[Success] Flow connection: td q . = y
[Success] Binding: null is ms I Z SySMLV 2 l:' (_j k r] e_ g-_, R4 L ng
[Success] Binding: null i

Iler

>v

I nzl

torque force

‘lll'r————r-agmunTbmue

tire

voltage

pc2be is matched with Line (pc2bc) |powerTrain/current| --» |Ev2/battery]|
vaZpa is matched with Line (va2pa) |vehicleBehavior/accel| --> |powerTrain/accel]
pf2vf is matched with Line (pf2vf) |powerTrain/force| --> |vehicleBehavior/force|
(2/battery| --> |EV2/volty [6]: %mgs exec maxSpeedAnalysisLarge
listance| --» |EV2/Distan :
relocity| --» |EvV2/veloci Flow connect]_.on: rt2tt has no correg
] Flow connection: to2mf has no corre|
| does not correspond to 2 Flow connection: bv2pv has no corre|
k] does not correspond 4 Flow connection: pc2bc has no correl
k] does not correspond tq Flow connection: vazpa has no corre|
Flow connection: pf2vf has no corre
Line (va2ta) |vehicleBehavior/accel nd to any SysML element.
1Tt had an Mgs tag and was removed
Line () |vehicleBehavior/distance| ond to any SysML element.
| vehicleBehavior/velocity| nd to any SysML element.
SLO:EV2/Accel[block] does not|
SLO:EV2/Distance[block] does
SLO:EV2/Velociy[block] does

rangeAnalysisSmall

analysis rangeAnalysisSmall

:>> simCond {

requirement

return simulatedRange =
@MgS: :simRet {

ret = MgS::Retrieval::FINAL;
I
}
¥
rangeAnalysisSmall z 0x' v SHdkwvs:t | !

SysMLv2 § t |
(SmaIIEVAnaIy3|s e subset U )x 5000

3

H

e Z 5 H
:> smallEVAnalysis :
:>> toTime = seee[s]; }

:>» rangeRequirement =

RangeAnalysis {

rangeRequirementSmall;
vehicle.vehicleBehavior.output.distance {

-

0 mxl3~1e” D

emx. hi
i(MgS::Retrieval::FINAL)
st l r & H G

L(I/I

(5]

a new 11ne for connectmn null

torqueoutTorque

voltage &

c2bc
meZbe reducer

current

current

2t

torque  force

:

force

X
n weod
|

maxSpeedAnalysisLarge 6

maxSpeedAnalysisLarge z 4 (LargeEV)

Z 6 H

°  (subject) nz| U
- o, 7
ylekh"b  mx hiKgK?" Tle z43
)S I [0} t e. J/3 |— C] Z 6 H
analysis maxSpeedAnalysisLarge :> largeEVAnalysis : MaxSpeedAnalysis {
:»> simcond { :>> toTime = 7e@[s]; }
requirement :>> maxSpeedRequirement = maxSpeedRequirementLarge;
out voltage = vehicle.battery.output.voltage {
@MgS: :SimRet {
ret = Retrieval::FULL;
}
}
return simulatedMaxspeed = vehicle.vehicleBehavior.output.velocity {
@Mgs: :SimRet {
ret = Retrieval::MAX;
}
H
H
Copyright © SCSK Corporation 9




EV2 | fke v (MgX st ! i x ) SCSK

I — %mgx open <Hdk > m3 '+l MgXD
I [12]: Opened MgX template: .\EV2.xlsm I f KW De BHe A Z<Hdk > .xlsm)
FFmx<Hdk >z3IEV25y L &

[12]: ¥*mgx open EV2

Excel wed JEV2 .XIsm ey ¢ v

6 HGg xbkx e sty
: . EV Analysis
renwex e @9 We firoH
Analysis Name Requirement Name Documentation Return Result
_l ‘F rl mﬂ S L l S L 6 H G largeEVAnalysis largeEVRequirement The large EVs must be ligher than 900[kg] result T
/ rangeAnalysisLarge rangeRequirementLarge The large EVs must run longer than 200km simulatedRange h I K I/I I | I
efficiencyAnalysisLarge |efficiencyRequirementlarge |The target efficiency of large EVs is 0.8. simulatedEfficiency v ~ - v -
V ¥ peedAnalysisLarge |m peedRequirementLarge |The target maximum speed of large EVs is 140 [km/h]. |simulatedMaxSpeed 144.0541109 } H d k - Z K
smallEVAnalysis smallEVReguirement The small EVs must be ligher than 900[kg] result o A . m
- rangeAnalysisSmall rangeRequirementSmall The small EVs must run longer than 130km simulatedRange 170.5813194
)S —l S Z_| H d k 5] % K H _l efficiencyAnalysissmall |efficiencyRequirementSmall |The target efficiency of small EVs is 0.9. simulatedEfficiency mb 6 H
;I : - b b G maxSpeedAnalysisSmall [maxSpeedRequirementSmall |The target maximum speed of small EVs is 130 [km/h]. |simulatedMaxSpeed
gt x wred st | eH

Battery Voltage ‘

3 - 3 Battery Voltage Time Voltage
ra’a xt>5s.z h o hi KW T1 i w
=MgQ ©) | | © " oanae [ ]. e SoEm SN Tgubmi Tl vl rnG
sisCaseUsage ERn O st | ot - 0 7 0 y

0.05 238.7640269 'D m H G aL 3
L 3Part x 7 T :
¢ XT X s s e | TRANSPOSE( MgQ ™ P | 2
AnalysisCaseUsage  © oo asessosele > oono WIVNoos
0.1 234.6020106 * v

0.14 234.26343807

0.15 234.2419062 -l x ]/3 I e Z
MgX Z 3 EXCel m 0.16 234.228658 H l ‘F r] LE m'b G H (-r (p 3

3 0.17 234.2205126 1
dke” 2K+l s nw am s TRANSPOSE st | |
S

- 4 K Z 1 r 6 H 0.11 2344494775 X .
' N ——— 0 #!1 ¥nmTIbks
H

i)

)S r EXCG| )S \l 0.2.1 234.2092581 LE S L 6 H )
£ JExcel 5' | Hd k 3 i
mH

Copyright © SCSK Corporation 10
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xmgp open EV2

Opened MgP template:

%mgp open< Hdk > m3

m+ )G ¥ %

mz *HdKk

'wIMgP D] f KN De.  Dbs {MgX n

>Z_,3EV2$_[[ 6 H

MEVZ . pptm

PowerPoint ed

z 3EV2.pptm w2 x L & H

MgP Template

Hms x e b
PowerPoint | 2 v f z 4
X$x 6" MgPs {|

==

\

Xt v g3
PowerPoint

) SLU})SmHG
K

r—lo_

N

L partl
vehicle_large>EV2baseVehicle

_ attributes
baseResistance

references

/ mass:>>Vehicle::mass )

L action
battery

references J

<Bcapacity>
capacity:>>battery::capacity

" st gy PowerPoint _ z v f

v .d e AMg X
X JE'MgP A Render

X

a k
kzd”b
MgP e
Ao fst b Hdkx e
LembGHG_FLJ)SWZlUf}
r],-| HJLerHG

Hd
in

H 1 ¥ n mE PowerPoint

v £ 1
Hdk

Hide vsualzation
B

Fullscreen

attribute def VehicleInput :>

attribute <outTorque> torque :> ISQ::torque; T
1 /
/
de ¢ /
attri amoue

RenderinMgP [,

BFgS::Style { property = “BackgroundCol
put {
:> 15Q: :toraue;

in attribute :>> in)
attribute torgue

} Link with MgP selection

attribute gearRatio : ScalarValues::Real { @Mps::

out steribute i3> output {

84g5: :SimModel { name = “EV2";
{ name = "a

:> 15Q::mass { GMgs::Param
icieney; astinbute &
Vehicleinput
attribufes
Input { force: =SQMech:
> I5Q::force

accel >1SQSpaceTime: acceleration
distance:>1S0SpaceTi

force

attribute force welocily >ISQSpaceTime 5

distance1505paceTime: dist

aaaaaa

distance:1505pace

Timesdist
eTimesspee

ance
velocity:>IS05pac
d

ance
velocity:>IS0SpaceTime:spee
d

Copyright © SCSK Corporation
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EV2-MgPy | f ke w (1 ) SCSK

EV2 MgPy worksheet

£ %, | f kmz3Python s |
,l )S del:le : 5 HG %edit EV2.sysml qav EV | |/|">v MDQ 33
Mgmz 3ge v [ | x0 z3 resm T 6 edit mIEV .sysml e b s H
Python st f | " | DkWWKkH (Save) (Reload) (Togge autine) (Hide visuaization) (Fulscreen)
' nwemb! y y3ISysMLv 2
X Hd k g+ Python mv ™ b a
Hl ¥ nuwembse H

f/* -*- coding: utf-8 -
* SysMLv2 EV2 example

* Hisashi Miyashita
ook ok kiR ok ¥ok;R dok kol R

v package EV2 {

public import SI::*
private import Stat (d) ] )S SySML I2) '7 Z 6 H G
| [ —) public import MgS::’ MgPy mz 3%% Sy5m| 6‘ S G
(b) Ny Python x A o " z Python scripts executing analysis from MgX Hl f nnmESysMLe 0 *#®l ¢
GHG;LZ'H ehdbl/le\s ot oyranc rlLen]bGHG[r SZ_,EI
twln g A mewed s MgX Python nz| =~ st &+

1
2
3
A
5
6
7
8
9

st f | Excel x 4 z 6 H | e evrunc Y,
I [2]: 'Test 5 * 5 = 25' L/
[5]: %Xsysml
. ) . package EV2MgPy {
Automating Simulations public import EV2::*;
1 A 1 Vl . . . abstract part vehicle® :» baseVehicle {
(C) s Python s l >v h l |—< [41: [ironimeey.raiinpentiiie action :»> powerTrain {

7 - : ; q
- - f %) . . i action motor : EV1ib::Motor {
" | 1 D )g Y )S @. K f D ; def makeRangeAnalysis{row, idx): i torqueCoeff = 16 ["N-m/A"];

’ time, mass, capacity, moment, radius, x = row i>> motR - 4['0'];
ID Z 6 H G,F L Z Excel m H b I e if time is Nene: :»» motL = BFZ[H};
- I return None, None S
fi H r] S L 3 EXCeI )g b k X J action tire : EVlib::Tire;
- analysis = f'a_{time}_{mass}_{capacity}_{moment}_[radius}’; bind input.voltage - motor.input.voltage;

bind motor.output.current = output.current;

[ SysML e Z| MgSst |
[, hikv 11e z 6 W

v

Copyright © SCSK Corporation 12
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Ho (2. MgX, MgS X

)

SCSK

(e) % mgx EVZ2MgPy m3

[6]:

[6]:

Launch MgX

xmgx open EV2ZMgPy

Opened MgX template:

. AEVZMgPy .x1sm

(@ ¢ xHbl e fir s nnf)
z o Python o e zZ ®

MgXe O zs& + —
(f) Python gt ! x | f
k m*" G=MgPyA (<Python A

> 1 A)mIENDFA™ X

oo £

B ©

=MgPyA("pyFunc”, VALUE(B3))

m

~

HG¥)§
e

F &

o z| 3

Python a” Kf DZ1 x X
A | ISysMLv 2¢ 3

z | IMg

| e Range bksg f

S
6

@

H

A e e H¥fnwmbsHG INP Pythons Calcualtion
r 3 pk o(b ~ 5|Test 5.0 *5=25.0 /
)s m Z ) )S ( ) am . 100|Test 100.0 * 5 =500.0
zypyFunc s e z| 3 phd .
. nalyze
bV 'e\ ® z l r & H EV2 Range Simulation
|time[s] ‘mass [kg] ‘capacity [Ah] |moment [ke m2]|radius [m] |Range
500 800 50 200 0.5
700 900 70 200 0.5
v
‘time[s] ‘mass [ke] ‘capacity [Ah] ‘moment [ke mZ]‘radius [m] ‘Range ‘
500 800 50 200 0.5| 20.5266078
700 900 70 200 0.5| 30.0427841

(]

-y DWW ke

mb 3SysMLv2 n Python ©

VH ! ¥ nwembs H

Copyright © SCSK Corporation
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Mgx SysMLv2 2 dv bxv Lt 258

b SysMLv 2mz D,
2dvbz3iD, aDmx0 @

aD 0n” kgv™ K

Ftstfldphdx
® v+ nwembeH

T

a Dmx X e

,_
['2]
u

-

miv” 71 4YaD"DxgrwlrpzC
T kHmM vl gnm £ o  Net |
le‘bGH

sCU v kHs

e

41 2| M mbeH

Vst | ¢l IMgx SysMLv 2

7 Test.sysm|

X | T EV2sysml X |+

- ox

¢ gIMgz e ¢ v Kk + Autoloading m
f U Y%y ¥ nembe H

rtz 1T fKAZ” De Y%y X

s bi# Z 6 H

| save | [Reload || Toggle outlne || Hide visualzation | | Fulscreen |

55
56
57
58
59
60
61
62 v
63
64
65
66
67 v
68
69 v
70
71
72
73
74
75
76
77 v
78
79
80
81
82
83y
84
85 v
86
87
8
89
%0
91y
92
93
o4
95
%
97 v
o8

}

attribute <V@> baseVoltage :> ISQ::electricPotential { @MgS::Param; }
attribute <SOCinit> socInit :> MgUnits::ratio { @MgS::Param; }
attribute <Bcapacity> capacity :> ISQ::electricCharge { @MgS::Param; }
attribute <Rint> internalResistance :> I5Q::resistance { @MgS::Param; }

out attribute :>> output {
attribute voltage :> ISQ::electricPotential;

action def Tire :> EVI1ib {
@MgS: :Style { property = "BackgroundColor=yellow;Position=[0,0,60,501;";}
in attribute :>> input {
attribute torque :> ISQ::torque;
attribute accel :> ISQ::acceleration;

attribute <R> radius :> ISQ::length { @MgS::Param; }
attribute <J> moment :> ISQ::momentOfInertia { @MgS::Param; }

out attribute :>> output {
attribute force :> I5Q: :force;
attribute <outTorque> torgue :> ISQ::torque;

action def Reducer :> EVlib {
@MgS: :Style { property = "BackgroundColor=white;Position=[0,0,70,50];";}
in attribute :>> input {
attribute torque :> ISQ::torque;

attribute gearRatio : ScalarValues::Real { @MgS::

aram; }

out attribute :>> output {
attribute <outTorque> torque :> ISQ::torque;

part def Vehicle {|
@Mes: :SimModel { name = "EV2": 1

[ Link [ View [ style [ mgP | Fuliscreen

«wattribute defs

watfrbute defs VehicleQutput
Vehiclelnput attributes
attributes accel-»1SQSpaceTime:-acceleration|
force:»ISQMechanics: -force distance:>13QSpaceTime: distance

velocity +1SQSpaceTime: speed

Copyright © SCSK Corporation
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SysMLv2

X

114

a (1: ed"

M-A3 "~ nh| [Part, Attribute)

&« C O O localhost:8585/1ab/tree/exa
:, File Edit View Run Kernel Git Tabs SettiJngs .Help b ¥ -F ma SySMLV 2$ g:r l a I_ N =) . [
- Bt Cc &V R JupyterLab mFile © HGH mg 'y §SysMLv 2z 3 k&uv"™ Kk
./ Test / 8 +x0D HO| H v | e l & & ~ :
= TR - Modified - . -s 5 % _. Ve R M( f EIDz a D L ¢ st .l ¢ 13
Kd™ z |3New File e y A s ] 5
0 |:] Paste Ctrl+V H -l r] Hé # v k LE s f
£ NewFile —_ w! v ITest .sysml
= [l Mew Notebook e Z e H
MNew Falder r] B Test .Sysml e . ‘f r]
* Shift+Right Click for Browser Menu _ def| A d U b LEE') Z 6 H
[ Launcher X | g Testsysml X |+
| save || Reload ||T0ggle outline | | Hide visualization | | Fullscreen |
r s Save Hbl © fiz| ) | Link | view | style | mgP | Fuliscreen
gevkgh EzsH v
|E|| Reload | | Toggle outline | | Hide visualization | | Fullscreen |
P 14| package Test { | Link | view [ style | P | Fullscreen | r'
v 2 /BTSN OA a\
a I SysMLv 29 Z*e HG 3 f* EFILECEBEIA UL K/ | z 3 s> st 3
"SysMLy 2mz 3g s v k0 7 2T terdhete mes > 150:mass e Ty Jes 1 SysMby 2%k
)S )S paCkage 0 : ‘l ! b m 6 } attributes -‘@£?JHC’3,‘§3%‘/F Q v k U m [© 0
H G‘F )S t v s H l £ rl n?Mg Z 3 7 }l.\ mass:>|ISQBase::mass : (Visualize) s L & H G‘F X‘
ed” WA xdJdegevkeo i | sxitvsiHdksx !~
¥ nwmb s + (Autoloading) R . : hl Dx3d w st & H (3
\s/ehlcle)e - (p;a:tG def, SysMLv 1mx block Hdksypdgpr  hl Dz
r . b n asx 0 Hl ygf3
¥ X mz3Imass (attribute) + 0 st | ol 3 sL & {ho
100 kg n L y Jdt ] e HGy xt g3
SysMLv 2mz 3 (ISQ ::mass) ,,d mb s #
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SysMLv2 X 0 (2: Import and Autoload ) SCSK

W/ Test /

Mame - Modified

@Test.sysml 5s ago S 3 5 p rl )S m
ETestz-svsml — Test2.sysml €& v ke [ &

Q [Hide visualization] [ Fulscreen ]

1 v package Test2 {

Test 2 e d " A e | 3 Test e (; ”27 private import Test::¥; [Tect2)  mport Test)

part vehicle : Vehicle {

T u e v 7 6 By L t
/e\ 1 h E) Z ¥ S —T 4 attribute :»>> mass = 10 [SI::kg]l;
| 3 g Testée# v ke 8 = 5 }
) A ) wparts ) wpart defs
L l s} S L 6 H 6 3 vehicle: Vehicle Vehicle
aftributes attributes
mass = 10 [Sl:kg] ‘ mass:>|SQBase::mass
==Vehicle::mass

V] h"Dst dlested Y AxVehicle
o {

3 vehicle 2losn® /
‘F -F ITFI maSS Z 10 kg S S L 1 r 6 H G r——— Standard style with colors
SySMLV 2 mz 3 00 1 St l ) [ 3 S| D Vs L Y I w PlantUML Style
00 Z SI k v F k K S 2 S L r 6 H S L I H G -F ‘F m Z' 3 v l ol Top-to-Bottom orientation
. — Left-to-Right onientation
h VI D S - H TeSt Q d Tii Polyline style
- VI é\ e Z 3 Orthogonal line style
S 'D D Z l r 6 H G ‘F )S Show elements of the standard libraries
' v 3 Show inherited members
v ‘r @. b k Z" Show as many memberships in a compartment as possible
)S h g ,!, VI X J I )S t Vv Show nested ports in a compartment
S Vv "F rl l_e m b 6 H Show imported elements
Hide metadata
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Mgs ¢ ! SysMLv2 X O U

H ms Ui v s q\ngz ) I‘ 'D U 0 f . |’ 1 e 2 Z l I l 3 gl nu [27]: %viz Test -v interconnection -s stdcolor
abvkzhdiVYW'magicx®f 11 m g+ nwmbesH it
«part defs
Vehicle
[ styte | mgP | Fullscreen | Viewz Hdkepx' vso OHl xye® 2 W6 1T Xy X8R Fn — attioutes
G @FEFILICAZIA mass :>ISQBase:: mass
? Default l'emb £ H h g
[ Tree --4M | pefault :Hd K X st fleive 5 z 6w |
Inferconnection Tree : a S. sHdke ze WG | e Dh] D+ N Z 0t ) SysMLv 1 -
m 9 BDD(Block Definition  Diagram) § & e | & H Docstring:
State ~—— \_ Interconnection Ende t gz| o l gi Mme, n | e s i
Action SysMLv 2m g IBD (Internal Block Diagram) § & [ & H o o m‘dm ’
= | Case State : @ D Vl ’D ° H ! g ’!‘ Vl mH The possible candidates of wiew names are:
Sequence Action :v~ i ] e "l el ¥ meSysMLv 1m, v ©° DUV eDV 5  ze o e o e e e
. Case : | " a_ " @ T D K a- n @ r p )S ~ N @. ) H l Y f )S Q | n mH ?;Ez[aumgtrmm z:z: ::;i?:;ia::;um vieu, like an Internal Block Diagram (IBD)
Mbeed Sequence :, VT la ° nlejmm E e e
SWimlane Mixed : . r g i M e Z l H ! g l Vl mH MIXED Show multiple views. /
Swimlane : ( x0 mrwedav HKM e wl g m) /
EWDFAd™ ™ HI dkv(Jupyter m
X magic) mo Ve v fni: mb#e HG
b e 6 HG. 2] 6 HG = ; .
|Link|\ﬁew-MgP|FuII5|:reen Style z 0 U )S )S z T )S v b )S eL; r] lEmb Gk f Z 1Mgpy S [0 l Z EIEI?OVIZ_ m —
E— Standard style with colors Standard Style with colors k " X a bv k mHG(d é 3 k Dmz mH) 5 e (MgSySML n;)ez /Olylz mG K
PlantUML Style PlantUML style : PlantUML x 1 mH fwe SLEH)T g f,11x
Top-to-Bottom orientation Top -to -Bottom orientation X I S e Z 6 H GMLeFl) ¥ I lar b ns 22 .l 'f'JG 5
| Vo Left-to-Right orientation Left -to -nght orientation X 4 IS e Z 6 H ' Hg fy mz ID XU 24 Wl X
"% Polyline style Polyline style :2 dA°e t m Z6eH : . Ia_ el 38 S0
3 , Q_ Orthogonal  line style :z dAe Mg t wl m zeH st & " weIMgSysML mz 38 f 7|
Orthogonal line style ° . . - - s L 6 H
o oot o 15 <t s ™ Show elements of the standard libraries kv FkKx Hdk } z6© Z 3 5
Show inherited members Z . ' ° Ih ¢ Lea k ’ F k K )S ° l Yr r] b Z n]IG
Show inherited members sty 4 z 6 HG s x- uvHdke _
Show as many memberships in a compartment as possible H 1 S f ! mH G I‘ 'D U z H (_j Kl s @ r l
S M S D AT Show as many memberships in a compartment as possible mb! sr/3 | mx ! g f IMgmz D 0
Show imported elements eVl Dhl Ds G} 26 & | Q‘ [’)g H | Sz mH S Q- l vz l £ mHGﬂ mﬂ
Hide metadata Show nested ports in a compartment :éaDs' u t7 1 e"Dh!l Ds Z S H MgPst !l o ® 4 x L s H o=y
Show imported elements : v ]| h“"Dst | ! 4 zZe e ed” MWAg= Lz MgP mx g L e
gwl Hdke Hloog m
Hide metadata :hbd"beqjzerhbdbwe 5 st/ s m Copyright © SCSK Corporation
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MgX x v bt 25 SCSK

b MgX z 3Excel mSysMLv 2Hd k ® Hl ¥ nuwembs H

A Excel x e | 3 SSysMLv2 Hd k @ mb & H
A zwHdke S HlFg s N gmbe

ft st il FExcel mx L wdi
® KADK X zHdkmg |
Hl ¥y nuembl t v gyp L e

¢ g IExcel m H 1 gt JExcel x
XJI][")G V,Fr]lEm‘bGH

A x MBSEDY k mt 3Excel n x| h" D
Yz ahWDO w 25t |5+ 1B

A Excel s & m © z y
- | Excel ¢ ¥ v k §
DKW eKDUV g
ax ! my$3 xDWkH :
X 4 g Jeel ) 2 Pr.e

MgX z 3Excel mHd k © Hol o
r]Lem‘bS H

MBSE DY k m? x| 1w
zWaw 2st | ! ¥ nwza
H ual Excel n X [ e

sd §3Mgz 1 mx L g e JT2K0 e flel3Hdken s
Hl Fnwemb3 gL s bfa zeH
Fod o s3I Hd kX b o sy mH
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MgX mz X3
Hlrnm

e

S

ey z3 )

Hl,rr]l_em‘bGH

v

D

E

F

G

SimBlock

Attribute

Value

Unit

7 |=MgQ("EV2.baseVehicle.** . #{ActionUsage}")

=MgQ(".*. #{ AttributeUsage}"”, D7)

=MgQ(".value()", E7)

:Mgﬂ_{ ".un |t[ } ”; E7,, ! "}

A

A

A

A

EV2e d°

WAXxT § x| baseVehicle

b k (D7, ActionUsage

syl z3)x

bk (E7, )%

e

E K X

X o

Attribute

TUCLT TR

baseVoltage

capacity

aseVoltag, S—
lapacity | Search the menus
ocinit 5 Mavigate to the model element H
nternalRes
um R MNavigate by selection M
nput (2 Refresh Vertical Table L]
utput .

ﬁ Recreate Vertical Table m
tateSpace ||
nput X Cut

soclnit

\

internalResistancg

num

input

output

state Space

input

output

e g3 FATwn ] X :
ActionUsage  © ®e g (AttributeUsage )e
cation 11 <A AT~ % ) ‘
B I =&+ A A .
battery |baseVoltd 300[v = o =0 5 SimBlock
| Search the menus |
@ Create a vertical table
A Cut vehicleBehavior
EB Copy Create Vertical Table ? *
Input Table Name -
| BlocksTable powerTrain
/ OK Cancel
Frix  eobksd =z]3  z3 KA hdif
x ¢ Create a vertical table e z3iDWFKk e
#ln3d e | rnwembseH

z | 3 Refresh
Table ©

w'e 31H
s z 3 Recreate
Table ¢ n?3

o i sz Kd-

Vertical

z*®"OHdKk

sty
Vertical
¢]

H_l,rr]l_em‘bGH

Copyright © SCSK Corporation

19



MgX st | Excel y 4 x SysML Hd k

U

H

EVAT | xMgmz 3Excel  {

H" ab HY Bz

54 §3IPython gt | 3

[ 1<Y0)

§Gr ) z13

smbl tvsyrfl o lEkcel x

I SysMLv2

r n hf ss

¢

X

Excel

e Python

rExcel n SysML /1 x

1

x API e

§ SysML Hd k ®

(]

H],FnLem’bGH

S SysML s

¢sthl ¥ nuwembs H

} V;r}}m‘bGH

ZzerH

MgX / SysML v2

target cabin temp

target battery temp

FAYE LayuuL  FOMMUIES  Udld O REVIEW  VIEW  AULOINELE  UEVEIUPE!  AUUSINS  MEIP AGUDEL  team [~ Lomments | paggiey 2
R . JE— — 3
E qn A & = v B epTer [Generel ] B B B B E ; kv O BB o B R
I U EeawAa. = = 5 E Merge&Center §-% 9w éf'liféﬂ";l F_D(;Lr\‘ztvas St;Z!v \n;vgrl Dgiatg Fnr:na( p Fs‘.;:rsj si\nii Add-ins | Copilot Earpegt: s
Font I Alignment. Number I Styles Cells Editing Add-ins Adobe Acrobat 6
v i Jx~  cabintemp
7
D E F G H | 8
9
Subsystem
Name Input Output Name Input
powertrain temp
battery temp
cabin temp
ambient temperature
newlnput
) required powera
integrated thermal control = .
air flow

23

required power

24

battery temp control

battery temp

25

target heattransfer

26

v

v

v

v

v

1 v package MgXEditl {

private import MgS::SimSubsystem;
private import Mg::MgView;
private import ScalarValues::*;

4
part sampleSystem {

@vgs::SimModel {name = "MgXEdit1";}

perform action 'integrated thermal control' : ¢

in :>> input {
attribute 'powertrain temp' : Integer;
attribute 'battery temp' : Integer;
attribute 'cabin temp' : Integer;
attribute 'ambient temperature' : Integ
attribute 'newInput' : Integer;
attribute 'required powera' : Integer;

}

out :>> output {
attribute 'air flow' : Real;
attribute 'target cabin temp' : Real;
attribute 'target battery temp' : Real;j

}

/* Subsystems here */

action 'battery temp control’ : SimSubsyste

in :>> input {

| Link [ View | Style | MgP | Fullscreen |

«part»
sampleSystem
metadata
SimModel
name = "MgXEdit1"

«perform acfion»
integrated thermal control: SimSubsystem

parameters
in [> input StateSpaceBynamies::input
out I> output StateSpaeeDynamics:—a;u@put‘
4

«action»
battery temp control: SimSubsystem

parameters
in 1> input StateSpaceDynamics::input
out I> output StateSpaceDynamics::output
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Mgs ¢ #! ~ 2 K (Dot Query) SCSK

b MgX, MgP,MgPy mz 3 Hd k e "l gl g x 2 K (DotQuery) & =2st | ¢H
rrz3o|¥dDpm JteXxXPahs wea m3IAN sHdke wlrnwembl s

SLerH

A " Hd Kk 3 Hdk (shortname) § Hd ¢ z & H
Axow | % Ho sHd¢zew

A *x: o Af ygH [ ] X Ho sHdA¢zs

A rx; sty s+ HAd ¢ zs
A # }: sty sHAEzs

A value(): § ydtwuy o z 6 H
A text(): s 'H#!I D abDe z & H
A eval(): e Yz] e Z 6 H

A ** vehicle.* #{Part}:

vehicle nr v X e HoJ (Part) e Z 6 H
A **vehicle*#{  AttributeUsage  }.value():
vehicle x g X ® zZ e H
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MgP X v Lt 25§

SCSK

b MgP z 3PowerPoint mHdky i f KBl DW_ 1| e Hl ¥ nwembe H
Hd k e (aDl . k)e+ ns3PowerPoint _ 2vfon 4zeH

A dstw, z2vfzHdknd RiL] e
Av ms x| PowerPoint _ 2vfeHdkn eg#a! +nt mbsH
A PowerPoint | zvfyd 'wl Hdkswup! fnY3i x(Mdkyd, zv ) mbew

-2 Ke g I Hd k sa°PowerPoint _ 2vfon 4%l ¢gnt mbes

¥t st f] IPowerPoint xf KBl DW_ 1] e v f mb! vy 3IsdsHdknx
DKW eKDve g+nwembsH

A oy DWke flrenz] i3 92 M s zl+ " hid v ilxwf
§ PowerPoint w "t ¥ nuwe sOflenGy x FIyfsox wr f DKW F
kmyrfKBI DY fléevkwe +lsrnwe sObsen

A MgP z 3SysMLv2 n PowerPoint e Hl g nma g xt vy & " z 6 H

r S z IPowerPoint y ¢4 Hd k X “3I Hd k n
PowerPoint ny x 4 M+ mbl i+ gnl mH

10,
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MgP (1) Hdkef KBl DV _ 11 § 428+ SCSK
Examplel )
Link | View Style-FuIIscreen -.Lpf"\r/“.
! Render in MgP sz“bm st |} - N
Example1 | 97 S— PowerPoint
\[ ® MgP m Z 6 H . [ par def Lpard ’ Cpard Lpart
Link with MQP ; Z U f s 4 Vehicle body: Body tire: Tire motor: \Motor
SEIeCtlon %d | L %d 1 :?d |
I-\—\; Mg ¢ d v b m)g Ql n _pBody_ _pTire- =pMotor_
\ “abv kX z mb
_ l'snr fst ] D U
fxhdji¥e Hl o rPMg 5L 6 H
Zdub'r:l)? % Mbk (G63HI .l )SQ,.I. n EEDEfaultUim_Tree V| ei Vlrl@bU kZ_,
OOZL Usf PLOVZe:POInt a b v Kk e h v DS L _l [ ] Inherited [_] Imported E)awerPOint X
e s SRERLE ma x L e thcb) [] Show mast in compartments K Hl X d
Mg View and Style mb & H
Dot Query © Hlnd e MgP Viewand Style K H]I
K x Hdk B W
PowerPoint zvfg 41s
L & H 771 Dat Query | |% st ] ) HdK B S L 6 H
O:= Model Element |.MQMEHLIE|::EKEH"IF]|E'V| -
f x Hb | nP st |« o Visualize [ Link with Editor
b Hd Kk ® PowerPoint Model Selection £ x¢2d” Hd™ a®ONs* ! niMgP m
Lavfg 4zemH - o sty avfg "wl HddKk S
MgP Model Selection KHI Mgz dyubx” "bko wp zeH
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MgP (2)

z v f x

nabDl

K

v -

SCSK

example > MgP >

simpleStencil &3 k Cy 4 3
MgPSimpleStencil.ipynb EVD
Ed- e PpheH

1/

[2]:

MgP Stencil Example

Write SysML model

FHksysml
package MgPSimpleStencil {
part def Person;
part def Machine;
part distributionContext {
part driver[1]: Person;
connect driver to truck;
part truck: Machine {
port bed;
’
flow from loader.toTruck to truck.bed;
part loader[2]: Machine {
port fromSorter;
port toTruck;
¥

flow from sorter.tolLoader to loader.fromSorter;

%viz MgPSimpleStencil::distributionContext --view interconnection --style stdcolor

-

distributionContext

‘

picker: Person

sorter: Machlne

%

part sorter[1]:

Machine {

port fromPicker;

port toloader;
'
flow from picker.toSorter to sorter.fromPicker;
part picker[3]: Person {

port toSorter;

MgP minterconnection view(
ymo o+l nd Z-1 X%t vy
PowerPoint _ z v f e &
| /
artl | V4

L partl
distributionContext

L partl
{ plcker Person
L partl
driver: Per

L partl
loader: Mach|ne

L partl
truck: Machine

zxzd T x mz3- T x' g Legends
aDl . kweDl f KVMDs =5 ${name}
( loader: Machine L | r e nG L z3IPerson, Port, e
. ® 34

Machine g t pt X, a2V f
eMl | | e+ (Dot Query Port .

- m sv z mb e ) Person Machine

(]

truck: Machlne — Lparl i
distributionContext

b
} \_
’ N
] \
zpf xbkz3 | fkSysML m3 L e 0hvizmD B *
"1 D, abDsgr | HdKI ™ s n- xtvyp ©
LerH H

v inz|33P xt vy S X
Y e !'Fr]LEmeHG'F)S*V
MgP mz sf KBI D'/I '|'Ie

X

217

fnwemblt v g

U

picker

fromPicker
toSorter

f
S
5t (l
m}_(uuzDe 1 9)4

driver

Copyright © SCSK Corporation

24



MgS Xv ‘i 25

bMgSz3 hji KV 1] 473

SysMLv2 X /

Simulink Hd k ® zgl 3 !

5 MATLAB/Simulink

H d k (State Space Representation)

© v ¥ nwemb s H

A MgS mz 3SysMLv2 Y Simulink x 3 n 0
[ x Simulink e\ mb! g
6 ¢y ASysMLv2 m 5L g m Simulink © z | 3

| ® SysMLv2 Hd k §

egnr!l Fnwmbe -

L | z 3IMgX Y MgPy ¢ Hl ¥ nuwembes H

ft st ] IMBSE n MBD ¢

A's i g 3Simulink x

s #h 5

< ® Simulink gt |

X |y

+ Jupyter Y Python m

vinuwembItt gt f|

L!)Hl_rnmfl

N X

KgkxHdke

- [Simulink € # v k eSysMLv2 gt f | S Hol g

§) ] zGH

e}rlsfl

fl ' #Alfnweo et A3
SLerH

lem‘blivsr[GH

S s thl £ nm3
6 sthl +r nuwembs H

6 sih! £+ n+ mbe H
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MgS n / Hd Kk

ASysML x ot € /
H z 3 | e

MgS z Hd ke
e

HK a SMBSE/MBD © nz| e

s Simulink

G

A 4

S

H
m

/ nz3 H O H ot et x 0O
0 stws |} | Hdk m+GSSysMLy 2mz 3 /
Hd k k v F k K StateSpaceRepresentation Ym0
I ¥ nwembe HGSimulink x Fkd~ z# x /
dkm VH! ¥ nwembs HG (1 o 3 e SysMLv 2
X A Hdk kv FkKs rUZES ZY
MgSz 3¢ x ' v §SysMLv 2x frM 0 eV =z
| 3, " HKa sSimulink n x oD gz ¢l3a
§z3°H[ 1| x x Simulink Fk d~ z |3
0 ,n,],prluambGHG an
action voltage : MgS::Scope {
>> num = 1; >_’D
¥ voltage

gnma*lﬂfe m‘bGH

H],Fr]Lem‘bGHG,FLsif‘lElwl/l
sl ¥ ne

SysMLV2Z m0b st ¢ AHdK X
action def Tire :» EV1ib {

@MgS: :Style { property = "BackgroundColor=yellow;Position=[0,0,60,50];";}< Simulink m

in attribute :>> input { stlabvkeh
attribute torque :» ISQ::torque; bd" b r'_r]L_) . |
attribute accel :> ISQ::acceleration; Dk™ na X 4;_ ri l.Er';]'b ¢ H

} e Z 6 H

attribute <R> radius :» ISQ::length { @MgS::Param; } e Kk hY b( n A

attribute <J> moment :»> ISQ::momentOfInertia { @MgS::Param; } HW hl De Z B H

out attribute :»> output {

attribute
attribute

force :»> ISQ::force;
<outTorque> torgque :>

e - e 5
ISQ::torque; l Dk % £ "

A4

torque force

tf2vf

tome

st | Simulink Fk d~

P accel outTorque

tire

MgSs ' § |
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MgS x 0 b SCSK

b SysML (Expression) x_ hWD %

HSysML m0 zw& © 3Simulink s 4141 ¥

L } g i 3 3
N emb & ¢ f Lt st f ] 3Simulink mz0 =zgf#f .
H F,aDHx Hlg s D ome syl wehy ® vt £ vl ynwmbeH
¢ ¢35 X' vs vyl (#simLet)  © TP
huDz| ¢ |
inputER LD > N
action 'BEENAEtHE' : SimSubsystem { Hjjjﬁ%m;nﬁ%l?@bﬁo * | wnks= @it
in :»> input { 05 HAhEE 5@
attribute "ER MY ; "I | wnEsuen N — o —
attribute "R2HEC; AESEC " keRl < _p) oo [EPESR ﬁgw
) U AE BRI, HHESIR 180
HHEE @< —
out :>> output { 50 i D= S16@if E-A-RBEL
attribute "HHES' = if input. 'BRFRE < se? ___| tiniESR@wH
input. "ERMILT' * 0.5 * input. ' B2FRE HAaRshec

else input."BRNILY;

}

-

action 'E—F—RSE L\ : SimSubsystem {
in :»>» input {

attribute "§IHAS" = 'EEENOEHE .output. ' HAHES;

Reverse 0 (X 4 :Simulink ->SysML) x

}
} A Simulink mx X e SysML§ ¥s i) ¥ nwembe H

A 3+ 1§ Simulink mx g 'Hl mH
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MgS mx 0 X 0 (1. » F_ aDH SCSK

>V [e] —

Hms [ 8t v §MgS z ISSR( / )st ) Hdke Simulink s ' ®! ¢ nwmbeH @
Froe  tf0 wlwef xHdKkkv Fk KMgSsysm st f | st )& ‘

H F aDHe 0 */! sz 3MgS: SimSubsystem T e e

>v

H MgS ::SimSubsystem z 3ISSRmX | ContinuousStateSpaceDynamics ® z| ¢l BSRx 0 s Wf | 3
F,aDHe ) =zseH

H F aDHsgz?3 3 3 X o) zeMgSz 3 x e 3 nSimulink x F_ aDHe z € H

> >v o -

¢ sonx I

action , £, a DH :MgS: SimSubsystem  { action torqueGenerator : MgS:: SimSubsystem  {
in :>>input { in :>> input {
F. aDH 1, onnryoPks, &
., F. aDH 1, onnryornsd
A }
} out :>> output {
out :>>_output{ onnr yoPki"y 10 b
R } I MUDER kLD
F, aDH 2; compGain
A ouz dDkO 5 | u z 2 rampGain.input.value
} action compGain : MgS.:Gain {
] . >>gain=1.1; 2 D
F. abDH XU }
! bind compGain.outout.value n spnzPkifa
}
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114

MgS mx 0 XxXa (2. » -1 Simulink Fkd- SCSK

MgS z 3Simulink x ko FkKxEkd™ e 1 ¢ nwemb3 [ Ekd ed wlwl xHdK w
kv Fk KugS.sysml st f | st ] eH

rem zuvFkd z m3 3pgx  Siknulink Fk d~ +MgS:: SimBuiltinBlock T e
Hl,{:r}m H],r;rllem‘bGH

MgS mx k v F k K Simulink
(MgS:: ¢ ga! ¥ n) Fkd-

3L i e A wl f Fkd™ mw G
Scope Scope |nput|1 )S e b Ea
. > L 3w r B -
Gain >;> 0 s st4 d vl Fkd mH
2 2 . ~ j L & H GAdd signs e , Product
o > g P ] S 4 X S Z signs m , X
Add, Product Add  Product S Z Ops mw ° mb e ® G
. o D expr s m o) HlrnwmbesHGypzi ZoXoX
Fen ﬂg,GH'SI [ & H
: : > 1 1 | fkon 0 s the #
UnitDelay (Zinv ) Lt o nl uf g 4 SL 6 H
- .
Switch 37 7 stfl ax o | ylifxt vy Fkd™ mH
°g  Dksenfl(Mux) 3 g~ Dke s v/
MUX, DemUX i Dix (Demux ) F L( d - m H
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MgS mx 0 xa (3, » X

114

SCSK

C

I

MgS H o SysMLv2 x analysis usage H
gs m Z Sy x analy ge ( )m
5 z4 (subjecty nekhwpwue mb ¢ H H s d §3MgS ::Retrieval © Hl ¢ nny@ xpPxdWbe
subject © Hia  s#! Fnwembs "o mb & *
. H FINAL( d v & 3 k D: , AVERAGE : 1 , MAX :
@MgS ::Param © sl |l snnrfddk] M7 aHY MIN FULL
as © ¥sthl ¥ nwembs -+ ’ ' FULL E X
: _ ) Hyt g0y [3IMgSmz3 (simCond )e® mbl t v
@Mgs ::SimRet ek h¥bMout) s "l Fr e, §3IMgS:SimAnalysis T e =z | &
hi KW 11 1°¢ mb & H mz 3simCond sz3 hji KY_ {1 mX toTime
)Séw m‘bGHLBEI s' 61 m‘bl e U H

mH
>> simCond =/{

analysis
>> toTime = A K4 11 4 ) action maxSpeedAnalysis  : MgS: SimAnalysis  {
} . >> simCond =/{
Sllpees > o :>> toTime = 500; // 500 cm Ri KW {1l
attribute = {@MgS::Param; } }
A subject ev2Subject ::> ev2; // ev2 ©
out 7 =4 xhtpox | attribute mass = 2000[S!::kg]{ @MgS::Param: }
s : out maxSpeed = ev2Subject.vehicle.velocity {
ret = MgS::Retrieval:: // o Z 6 H
FINAL | AVERAGE] MAX | MIN| FULL ; ret = MgS::Retrieval::MAX:
J }
" }
A

Copyright © SCSK Corporation
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MgS x SysML  (Expression) X 1 SCSK

MgSsoen! 3 F_ aDHX g 0 *lsnwembs- %

acti o, @DHO SimSubsystem { - _
in:>>input{ Aae 0 X szEI F @DHx~ S SEE

: ; 5 ;3. F.at
\ attribubexo pyx X w3 F_. aDHD X syl s
out :>> output { A= ox Pz3, FWQPHX S st
attribubdbeexodo px ©b X wed F, aDHy i x syl e

M-

}
}

s

A7

" unb

H
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__Il

(#simLet)

Y

#simLet e attribute( )X s 0

Hl ¥ n m3Simulink m D I
nz| HL g nwemb s H

r Lt z3 g z3Signal Specification

Fkd- s 4st e

[ ¢ 3Signal Specificaton Fk d~ z3
Sz74 27 r (identity) de' mH+G

goz3
MgS mz =
X  unit n z |

It |

X

o LB D

tx
e leH

1yl ¥ nuwmbesH

SL_lrU
Z 5 H

hvDwl 51

§z13

2

0 5]

r

: SimSubsystem {

action 'EXETHETE"
in :>> input {
attribute 'EK I ;
attribute 'ZLRE;
}

o

#simLet attribute |%'F|!E' = 40 ['%']i

#simLet attribute “JFEFEH' = input. 'Z2RE < I%—FBE' / 106;'

#simLet attribute 1?@5:'.71" E

out :>> output {

A

A

.

input."ZER LD * 8.5 * input. ' Z2REC;

attribute 'HAES| = if 'FERY' ? 'L2H" else input.'ERNILY;
. }
Simulink x 4 D 7 }
Signal Specification s X I © #simLet m
A st 681G oox % zl o4 ¥ 3pX%
st & H 3 mz n sodo *H1 ¥ nwemb
4zsLI‘er3 VSI‘[GHG
100 mMf | r & mz3 "
Z.l r 8 H
05 R4 H N 2@ #1 '
] g22HA.
ZEHA1@C R
input. Z3K LY.
>
D 2D > AN
input. 22 % it: |
ERLY T U EERE S |l Ut empty> AERY. >0 Tareer
; > HAHES
4 EEEE @< EERH W HES @i
40 Unit:% X EEl@i
Z2TRIR RETR., | s @
Z2 TR g <
T2 TR1@C SRR
100
EEFHR@H
k AERH1@C Copyright © SCSK Corporation 32



hv Dz | W SCSK
b MgS z m- T X SysML w 6 hWDz|

w

&, |, xor, not

? True else
False

Add, Subtract,
Product, Divide

==, ~= <1 >1 <:a

AND, OR, XOR, NOT

Switch

w mH GSysML w
s w m“xmﬂde*
xosylen
V" xFkd mrGa 5z

x Simulink x A w g ' z#éH

w4 oa

S'ZGHlBEI

SysML x and, or z 3Simulink §
950 wrruyf " ze Qo

if z3Switch § ' st & H G
Simulink x IfFk d~ z 3 &k s

rleEI

sL s o G

Copyright © SCSK Corporation
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SysML x Ysen! 2 SCSK

e

04

02 03 04
/ \ [ rz,\. / @\ 4 él‘é 3

N (® ®
SysML x z3 50 mxt g3 mzAn vz »nt| A e z o 44 ¢zd oz
s 9st ] xd Simulink 5 ; ;f‘"’ ue;l e HSG Y (Invocation mxltn | ol3
st & Expression) | p 3+ X X SysML 2 X
arb+c X SGr)z3rh "oos ] 3
b ' e Y ZB6 H 'e o mH
#simLet attribute a = 5 + 4; v
x Add, 3*c 75—
"’ “" m
£X Jag z 9weConstant n z Product mz 1 ¥ | Gain f ]
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MgS x reverse( X\ 1 )0

7

MgS z 3SysML x AHdke Simulink § %s ! (reflect # nm3_ hi KW_ 1] e

>v -—

v o e 1| ¢+ .edSimulink m Z Y ®SysML § 2zd:r nNr v st e zY

MgS x reverse 0 z3 s+ X s y!ufs SL | &
: mz3 F., aDHAX x 8 eSysML § s ! ¥ nwembs H

H F, aDHypxFkd3 aDH=, F, aDH/x Sorlx 'z m*

HAHES

S —
>0

HHIEBR

>
¥
WHES@if

action 'BEENAIEtE' : simSubsystem {

in :>> input ..} A
bind input.'EX MY = 'IEBR .input.'ER NI, REE niezen AR o RAERS
action 'IEE®R' : simSubsystem ..} reﬂeC'[ — ) tnmn ERRCPLUDER. R
action "&E£LARJVEIR' : SimSubsystem ..} ERELD = EEE[—
action 'ZHHIE' : simSubsystem ..} ERE R TR =
out :»>> output ..} »EEE ;NHM::;::,*2““*'“”‘°""‘*“*”“
RELALER
flow from 'TE&L ARJVEH' output. ' TeME"' to 'FHHE' .input. TeBEE";
flow from 'IEER'.output.'HAES" to "TELANILEE input. ' [EREEADES";
flow from 'IEEFER' .output.'ZEE"' to 'BELANIER input. ' BEE'; - )
flow from 'IEER'.output. ' BEE" to 'FHHE' .input. ' TEE"; — EDES
} __::? wAIERR
action 'BEENSIETE' : SimSubsystem { HoEEnar
in :>> input ..}
bind input.'ERMILS' = "IEER .input."ERMILD " .
action 'IEE®R' : SimSubsystem ..} S FrpR o KARERS
action 'E2LANJVEHE : simSubsystem ..} D gy R A% FRRonE o
action 'ZMHH¥IE' : simSubsystem ..} B2 =
. EwwnEe X 00 FRE
out :>> output .} L ”éf'fi*::::: JLMm.ww.‘mmm
flow from '"Z2 L RILEH output. ' TeBEE ' to 'SHAYIE" . input. ' TEHERE ' ; RELALES
flow from 'IEER .output. ' HHOES" to "ELLARIVEH [input. ' IEEEHES";
TR e e ' o NI . .

flow from 'TELAJVEHR' output. 'HIFREE' to 'FHHE' .input. 'ZEE";
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MgPy x v - Z 5 SCSK

b MgPy z Python s+t f | SysMLVv 2ot eMgx 0 s¢  ba®! fnwemb! 0 m
A SysML x Hd k Python m 8 b mbs H
A Mg x o Python m Vel rnmEV2m vt vy vt Ke H1 ¥t mbeH
A { Python Y Jupyter x b & Dz z v o\ Hl rnuwmbsH

rLstf] 3MBSEMBD xf kba s bfa "l ¥nwmbe-

x O x r Python st | MBSE/MBD x VLwed gyl e

A Python z 3 ya’ KfD  srlggxlenwGAgddib” mz3
Python+ Jupyter we ! I 4 mH

Arvsgt | 3 .1 U4 BysMLV2 st | MBSE e s th! ¥ nwembs

L s 4 § 3Simulink Y Excel p x v~ baw smb!tyvyvsyrfl) el ef3

' syl whyMATLAB Y VBAa~ Kf De Db4y! ¥nt mb!
+V$_rlGH

b 3MgPy st f ) 3o+ [ | xMgx0 szv” bambltysg | § m*
y a3MgP z ¢ 5 MgPy g ' | °D nz| el &t 3

' o f 6 H
frbern v ool
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MgPy z 3SysMLv 2x 0  d g3

Mg x 3 ° " [
Python x 4 N\
4 mH
JupyterLab X
nsgl 3 [

Z 6 H

| x 0 o
Hl ¥ nwmb

Python g M
® D
st i

5t g SysMLv2
O+l ¥ n# Python
v £tnwembeH

MgPy z 3¢ Xx !
Mgx 0 @

rflo
Mg x O
6 H

r

H

Vs

v S SysMLy 2n

: Fa n

GHGTVI‘VI)SGIJ6EI

b z |

MgPy Example (1)

=

Edit a SysML file

-+ 1 cell hidden

%%sysml magic makes a SysML cell. And you can refer the model above.

+ 1 cell hidden

%viz visualizes models. Notice that the argument syntax is different from that of MgSysML

-+ 1 cell hidden

The dot-query of Mg allows you to flexibly look up SysMLv2 models

from mgpy.mg import iMg

VehicleElements = iMg.dq( MgPySimple.Vehicle.*") (

for e in VehicleElements:

print(e.gethame())

mass
vehicleState

You can visualize the queried elements

iMg.viz(VehicleElements, ['Interconnection’], [])

«states
vehicleState

wattibuten
mass
values
default 1200[kg]

example >  MgPy > simple

§3 kCyd 3

MgPySimple.ipynb EVW DF d~

e DeH

£x ogx by g3 x b Kz

Python n z | ° s L & HGDot

Query ¢ v ¥ nnE/l § SysMLv 2
§ Python y d v bat! rnuw

mbGHG'F)S

m z 3 MgPySimple
ed” " As x ! Vehicle T e

0, o z dvehicleElements
sM z]13 ® 2l e
£ x mz 3DotQuery e N z| ©Python m
z! r & H

N

You can flexibly access the values by using Python scripts

: vehicles = iMg.dq('MgPySimple2.* #{vehicle}') 4
total = @
for v in vehicles:
mass = iMg.dg('.mass.eval()', v)[@] 4

total += mass
print (f'{ v.getMame() } mass is { mass }")
print (f'The total is { total }') 4

® |5 MgPySimple2

vehiclel mass is 1166
vehicle2 mass is 118@
The total is 2208

ed” W Agx |Vehicle m

st ¢ e Z | vehicles gM z ¢ H
oL N X xmasse | z| 3 e Heval
Zz | mass M z6HG
o P 5ty (total) © z 6 H
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MgPy X 0 v

b MgPy z 3iMgs ¢ ®! « K
le nt | e |

s th!
xdEd 4 o

g g

Jupyter

¢ g Ipysysml 4 IMg
Next ¢ ¢ g ef b O Xx.
HSysML x Kv k b v H

H [ Excel x 0
H r Simulink

n

v

(2dv
(abv k'Ydkdf Cz] KaDy p!
(xd L Fkd™ ]

& Launcher x

f k™ kh
¢z Y

Hl gy nuwemb!l t vgrl ezy
FLst f] MgX,MgS, MgDNG y pxa  KfDvI~ x
x 0

wed ¢
t L fAPIn z |
s, hDzeH
b m S

e \l m’bQH)

mb # ¥

" Evaporator.ipynb x

+ X @ > m »” )
a8 Xxoo G » Code Paused in Debugger B 7*

1

1 table = iMg.mgx().get('Requirements_Table')
2 ret = mTable.tableToTree(table, req_schema)
3 output = req_skeleton.transduce(ret)
® 4 e = iMg.dq('MgXEditl.Requirements')[@]
5 ed = iMg.beginUpdate()
6 it = ed.indentReplace(e)
7 output.edit(it)
& it.update()
9 ed.commit()
18

2 da = iMg.mgx().attr(style='Requirement')

3 iMg.mgx().set('Requirements_Table', table.getTable(), resize=True, ext=table.getExt(), defaultAttr

I [*]: @ 1 table = reqToTable()

1 table = reqToTable()

1 [[str(e) for e in ee] for ee in ext]

[['cellAttr(mergeKey=1)', 'CellAttr(mergekey=1)',
['CellAttr(mergeKey=2)', 'CellAttr(mergekey=2)',
[None', *None', ‘None'],
['None', ‘None', 'None']]

‘CellAttr(mergeKey=1)'1,
'CellAttr(mergeKey=2)'],

1 ext = table.getExt()
2 [y for y in x for x in ext]

[None, Mone, None, None, None, None, None, None, None, None, None, None]

I~ 4 n y 3

9

=| MgXEdit1.ipynb * +

l. I_S yl*vgrlgz

st | ¢l BysML, Excel, Simulink, DOORS

Y

MGXEDITLIPYNB

—

~ special variables:

» _nonzero_: function
session_: C\\Users\,
* function variables:
» open: function
~ reflectReqTable: function
b special variables:
» reflectSystemTable: function

» refreshReqTable: function

* refreshSystemTable: function

» reqToTable: function

= =
BTy s F 0 b systemToTable: function

~ CALLSTACK R P T o
<module> Cell [*]:1
~ BREAKPOINTS AN 4
® cell2n) 4
® caipy 1
~ SOURCE 8 curn

@ 1 table = reqToTable()
2 da = iMg.mgx().attr(style='Requirement')
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MgPy -MgS Simulink v~ b a SCSK

n List all of the Gain blocks ' _
MgPy x 0 © N H 1 ¥ nm3MATLAB x n | gPython © | ev2sx ! nf | x v Fkd-
i i e H | l H | H J 6 H for g in ev2.find(BlockType='Gain'): ) ) 5
Slmu“nk s aL X X HsySML s 4 * r] mb print(f'{g.name()} -- {g.get("Gain")}") | z 'l z i
I Gain -- airfrictionCoefficient |
- . Gainl -- 1/1000 - f e 5 H |
example > EV2&3 k Cy i 3 |7MgPy—MgS Example Gainz - 3600/1060 M?TLAbeH AN
MgPy MgSExample .ipynb EV D gainz oo u/m n:m Vxels"m
Ed- o e ' i ) S st g MATLAB ¢ o
: Load EV2 Simulink model Evaluate MATLAB scripts wex ! rnwzazaxl e
[ 3 t 4 $ ' J
i i list(iMg.mgs().eval( '3+4")) :‘E tX vy . X S mb
EV2 Simulink Hd k (EV2.sIx) © from mgpy.mg import iMg | vsrflo H
kW dzeHG — ev2 = iMg.mgs().load( ", 'EV2") [7.8]
(MATLAB ®e 5 0 st list(iMg.mgs().eval('[2 1 & 8] = [1; ©; 2; 4:1°))
ev2 § Simulink Hd k e get all of the blocks in EV2 o .
M gL & H [2.6] ev2g x| Simulink x. F_ aD
T for blk in ev2.getBlocks(): H ° SySMLV 2 S 1z 6 #
] I;, print (blk.name{)) Convert the Simulink model to SysML (sISubSystemToSysML z MgS
ev2 g x| ox Fkd™ ® vfl st | ¢} Python A
Accel S r
[ Z l G} Z & H . from mgpy.mgs import slSubsystemToSysML ”]“ )
glitarjce s1SubsystemToSysML(ev2, "EV25S.sysml’)
elociy |
battery
powerTrain Edit the generated SysML
vehicleBehavior o
voltage [8]: %edit EV2SS.sysml stuved? I_((EVZSS.sysmI)
e r l m‘b 6 H
. [g]: Edit EV25S.sysml )
get all of the lines
ev2 s X | o X kvl e for line in ev2.getlines(): |@||Reload||Toggle outiine || Hide visualization | | Fulscreen |
| 2z l e Z Z; H — print({str(line)) 1y action "EV2' : MgS::
SLO:EV2/[1ine] 2 flow from ‘vehic
| SLO:EV2/[line] 3 flow from 'power
. . SLO:EV2/pc2bc[line] 4y action 'battery’
Mg Pye \ Wl n mESImUImk X SLO:EV2/va2pa[line] 5 T
Ve MATLAB mz y £ | Python m SLO:EV2/pf2vf[line] 6y action 'powerTra
v £ n LEIT]bl t v sy |l e H G SLO:EVZ2/bv2pv[line] 7y in attribute
= : SLO:EVZ2/bv2pv[line]
7 5 Y 5 MBD Se A : o EI' SLO:EVZ/bv2pv[line]
(GJE! s bi Z 6 H Copyright © SCSK Corporation 39




MgDNG st | DOORS Next

b MgDNG z 3DOORS Next (DNG: DOORS Next Generation)
H SysMLv2 n 3DNG x Artifact (

¥ L

IS

f | DNGx
H DNG x Artifact Type s

" MgDNG z MgPy g " a m
-F)SHf El @bHU B U

45779 EvaStakeholderReq

filter artifacts by text or by ID

B-

1D

45946

45780

45782

45783

45784

=) (V)

Contents

1 The evaporator shall
reduce the air temperature
from 30 °C to 10 °C

2 The evaporator shall
comply with automotive
safety and environmental
regulations

3 The evaporator shall be
compatible with the
vehicle’s HVAC system and
the designated refrigerant.

4 The evaporator shall be
designed for ease of
assembly, serviceability,
and integration into tight
under-dash spaces.

5 The evaporator shall meet
automotive reliability

i )e

sLl(p[El
U W

DOORS Next

Qi
Module Selected Artifact
as7s0:
Safety &
compliance

L ¢

Module: [ 45779
EvaStakeholderRequirement

Description:

Component: BMProject2 (Requirement
Management)

Team Ownership: BMProject2 (Requirei

Management)
Amlact Comments
Artifact Links (0)
RO A

I Some associated project areas witt
potential links are not authenticate
details

nXx
A+l ¥ nuwembs H
& SysMLv2 Y 3IMgX st f | Excel x 4

' zySysMLV2 mHdk kv FkKe >+

e D SHlﬁ

¥ n MBNG X

DOORS Next § OSLC/REST m  © & H
~rgmbltyvsyfl

E} \ Reload HToggIe outline H Hide visualization \ \ Fullscreen \

[ Validation

| Comment

.| Package Evaporator

= . OwningMembership owns
I .| Package Stakeholder

.| Namespacelmpc

.| OwningMembers
- .| OwningMembers
.| OwningMembership owns

.| OwningMembership owns

6
7
8 v
9v
10
11
12 v
13 v

S sk stk s o ks s et ok sk ks s s ke ok sk ok sl ok ok ok sk

package Evaporator {
package StakeholderRequirement {
private import MgDNG::*;
@Folder {create = true;}
requirement <'45779'> Evasts
requirement <'45946'> 'E
doc /* The evaporatg
}
requirement <'45780'> 'S
doc /* The evaporatq

}

requirement <'45782'> 'R
doc /* The evaporato

}

requirement <'45783'> 'L
doc /* The evaporato

}

requirement <'45784'> 'A
doc /* The evaporato

mH

HTIERE

Hl ¥y nuwembl t vy gyl s
abHv Bs: 5

"mbl oty

MgPy [/ SysML v2

‘ Link | View | Style | MgP | Fullscreen |

StakeholderRequirement|

---- 9

ametadatas ) -~ arequirements
Folder <45781> Cabin cooling effectiveness: D
create = frue

The evaporator shall provide effective «
cooling across a wide range of ambient
conditions.

arequirements
<45784> Automotive reliability: DNG
The evaporator shall meet automotivi

standards under vibration, temperatu
and humidity.

arequirements

<45783> Integration & serviceability: DI

The evaporator shall be designed for ¢
assembly, senviceability, and integratio

— | tight under-dash spaces.

erequirements S ——————

<45779> EvaStakeholderRequirement: DNGModule

vL\ arcquirements
<45782> Refrigerant compatibility: DN

The evaporator shall be compatible w
vehicle's HVAC system and the desigi
refrigerant.

arequirements
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MgX + MgDNG st ! 3Excel y § x DNG SCSK

b MgDNG © MgXe o n#l ¥ nsgt f | FExcel y 4 x DNG wLed syl eH st
zy+ Python 5+ 1" abHv B S v #¥nwembs-+

T x Z 3Excel x 4 IDNG x & SysML m 9 | 3Excel s %s #Hh3IExcel m Zuot xeSysMLg ¢sih| 3
DNG e Hl o omue T e iz Excel mx nzl| | Y%y # nuwmbs -

S

X Excel DOORS Next

MgPy [/ SysML v2

45779 EvaStakeholderRequirement Qi
filter artifacts by text or by ID ‘_.. >)
# fva_Requirementsipynb @ |+
B+ X0 0O » = C » Code v O =
: = [ EEIE Module Selected Artifact
e o 45946 .
.ot frsert(0, ") 1 The evaporator shall

from mgpy.mg inport iNg

R e o reduce the air temperature 45780: Emt
from 30 °C to 10 °C Safety &

Bk

Nedit EvaRequirements. sysal compliance
: B~ 45780
Edit EvaRequirements.sysmi v
Reflect to SysmL Save to DNG/Update Update from SysML 2 The evaporator shall L N !
— s e i () comply with automotive Module: [ 45779:
- as
. I L ettt & |1 package EvaRequirements { safety and environmental EvaStakeholderRequirement
43659 Cabin cooling The shall provide effective cabin cooling across a wide range 5 ace SialderRa il et ) B
43660 Refrigerant compatibility The evaporator shall be compatible with the vehicle’s HVAC system and] Y s = regu|at|0ns Description
43656 Automotive reliability The shall meet reliability ds under vibra privete import NgONG::®; : ;
% < % - @Folder { te = true;} Component: BMProject2 (Requirement
43658 Safety & compliance The shall comply with safety and @Folder {create = true; 45782
& 43657 & y The shall be designed for ease of assembly, serviceability, an 3 The evaporator shall be Management)
requirement <'43655'> EvaStakeholderRequi . . R : .
requirenent <43659'> 'Cabin coolin compatible with the Team Ownership: BMProject2 (Requirer

Management)

—

doc /* The evaparator shall pr

vehicle’s HVAC system and -
the designated refrigerant. Al e 2

4 The evaporator shall be —_—

designed for ease of LA

}

10, requirement <'43660'> 'Refrigera

: .\Evaporator.xlss

requiresent Evastakeholderhequirenent : . 1: b s ssaciated project areas witt
qui t EvaStakeholderRequi t : ONGModule { ome associated project areas wit
reqvirenent “Cabin cooling effectivencas: ¢ NgONG: :ONGiending { assembly, serviceability, otantial ks are ot authantioato
doc The evaporator shall ps effective cabin cooling across a wide range of ambien - - . o
) and integration into tight details
requirement ‘Refrigerant compatibility’ : MgDNG: :ONGMesding {
doc ator shall be compatible with the vehicle’s HVAC system and the designat Under-dash Spaces.
requirement ‘Automotive relisbility’ : MgDNG::DNGMeading {
| doc /* The evaporator shall et sutemtive reliability standards under vibration, temper 45784 5 The evaporator Shall meet
.Vri.‘irrner\‘. ‘Safety & compliance’ : MgDNG::DMGMeading { 2 H H H
T A T Wtk Sy ik sarstive wracy oy sasesaut gt automotive reliability
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The cell below set up service. It loads EV2 sysml models before hosting a service.

import json

from mgpy.mg import iMg
iMg.readSysML('./EV2x.sysml")
iMg.readSysML('./CompactEV.sysml")

WP

MgS Execution Service
: 1 # POST /mgsexec

2 req = json.loads(REQUEST)

3 body = req.get("body", {})

4 name = body.get("name", "")

5 iMg.mgs().invoke(['exec', name])

Mg DotQuery service

# GET /dq

1

2 req = json.loads(REQUEST)

3 query = req.get("args", {}).get("query", ".")[e]
4 print(iMg.dq(query))

Kernel Gateway e sLezyGyt

This example provides MgS execution service and Mg DotQuery service by MgPy and Jupyter Kernel Gateway

f | MgPy

# MgPy C

m s REST API g

mx haDi xl en 3

m+ n3 Fk 2z mgcalhost:10110/  dq
bawlsnmd N sHdke™ 2 Krl
Lemb 6 H
C @ O O hittp://127.0.0.1:10110/dq?query=CompactEV.vehicle_compact.powerTrain.text()

["action :>> powerTrain {

action motor : EV1lib::Motor {
:>> torqueCoeff = 18 ['N&<.m/A"];
:>> motR = 4['fe'];
13> motl = @.2[H];
action tire : EVlib::Tire {
:>> moment = 200[ 'kgac.mi2'];

23> radius = @.5[m];

bind input.voltage = motor.input.voltage;
bind motor.output.current = output.current;

flow mt2tt from motor.output.torque to tire.input.torque;
flow to2mf from tire.output.torgue to motor.input.friction;

bind input.accel = tire.input.accel;
bind tire.output.force = output.force;
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Holistic MBSE+MBD integrations were achieved
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