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Technology Motivation

» DoD systems are increasingly complex and
challenge human cognitive, and organizational,
abilities.

— Model fidelity and connecting multi-fidelity models to coherent system
Views.
« Using the lowest, most appropriate level of fidelity.
— Engineering model robustness.
— Reuse of models.
— Handling highly scaled simulation problems — “digital twin”.
— Discovering unforeseen behavior.
— Understanding complex results.
— Accurate simulations, well before we commit.
— Simulations & models that live with us throughout the program’s life.
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Some Observations

Most simulation systems are not scalable. But those in the
EDA space are. Why not use a paradigm like SystemVerilog to
achieve scale?

Most model-building tools are not generic, and if they are, are
not robust enough to be used within simulation. We need to
Improve the areas where generic numerical methods are weak.

Most system building tools have trouble handling fidelity
transitions as models get more complex. Tools also tend to be
domain specific. This leads to bifurcation of modeling efforts.

System simulation needs to be able to drive other tools &
models. It also needs to be drivable from other tools &
models.

When results from large scale simulations come in, they are

often hard to interpret. How can we create views that maﬁ
sense?
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3 Core Elements & Workflow

SoherCAD obitsein -
- = Wsoecn  CummpmoDop IS e
- File Edit View Teols Heip
€0uation Solver |Code Generation | Smulation
Simutator -
Solve any system of simuitaneous equations
E = User Level
ey L @ Decsion Maker " System Madeler () Model Creator
Click here to generate a scriptwrapper for this exampie . A
=a(10¢) actioas
Click here to generate a function for this example vibar= (/) ‘e*Localfunctions Sinthetabar) § § . §
Function return value? 2 Vibar(e/h)* (10 e*Localfunctions Cos(thetsbar)) New Losg Sove. Sove ds Check: view Generate | | Openten | | Loaoveriog | | unsim
bart2=wrbar2+vibar2
Use base uris in generated functon? UPH2720)mu/ )= 10l 210%) Basic Subsyatem Wibrary/Systern Ogtions
© Base Units Userinput Unis it i ottt = e Project Name  atelte_1_VeriogCormectio Mpl  New Name asg]  Difedoy CiucihabaseiscrptsimiExamples\Sateiiiel
‘ . : - TergetPa  CARAATestD | |HorDrive | ortit | Rader | Thermaianages  sclacFanet slr  Library Modeis Systemn Modeis
Get s fo filing ot form: = T import matn System Nome 5t #§Subsystem Batieny 1 - Battery
PL3 1415226 dimersioniess 181286013 196 404 L retum matheos(oh i Battery UK Communications
Reanin=63780 km (P1502+043.002+04 Lk TimeParameters Communications 1 Compater
=400 km rthetabar, 5,00 +03,200e + 04 Lkm def Siniphi): L Communications_Ud HardDrrve
Import math Theghn | 00 e SclarPaneiMoe! Computer 1 Orbit
V100600200601 Lknsec retum mathsioh) SFidelitytevel el Radar
Vithetabx.1,00e +00.1.00€ +01, 1 krysec IS 10000 s 5 ThermalManai
Vibar,100e +00.1.00 401, Lienysec. det ArcTandr: | Dekat 10 CETr—
Vitar:100e+00.1008 +0L Lim/sec Impart matn 0 #5Paramenses N.ﬂw
1006404,200¢+04,Lom retum mathatans) amay_srea=30 Onbit 1
h300¢ +04.900¢ +04,Lkm*+2/sec theta=D.41015 L
thetaac.100e-023 60e 021969 #locatinstnd Orbit UK
‘gamma,1.00e-03.360¢+02.1.deg el 1 Orbit UKTE
. = materisi="siicon material string Rader 1
#Ercritbegin #Sinputs Radar UK
EnCrit=10e-7 s_in.sun=Drbitis_in_sun SolarPanel 1
- 5 Sotara
Localfunctions Sindimersioniess - SRR -
LocalFunctions ArcTansacian ower_output= lstmnato
dd to System| Replace | | Add to Library
Replacemens Rules
Modei Type [ Fidelity Level [ Parameters
Gheck System | Get Guesses || Solve and Generate Code | See Scriptwrapper | See Generated function nowts Outovts .
Change Variaple Names | | Check nputs ERCaEEINE T
e Library Model] S#9ct Model ABGY i System Model

Eqn. Based Model Creator -- Simultaneous System Builder -- User interface for creating new
equation solver for creating new engineering system models.

models for subsystems.

5 Bughunter Pro (running Verlloogar Extreme) [E=RECR =~
File Impon/Export Edit Bus Parameterlis Project Editor Simulate Wiew Options Window Help

bbb | e (R G R (R  SHOhe | EED Sldaba
R |l (@) - awws W e | R Tu

ks 12ks ks ks 18 [20ks, 24

oo U
e Eadar

l” —= — —
ay_eharge | -

StimunninizodfTn s x| [ Eror ) simdatoning %/ TE _parsaiog x] TE Rasutn x| wavspesiiog |

System Simulator -- SystemVerilog simulation < ,
engine for system model execution and results. SYNAPTICAD




1. Egn. Based Model Creator

A general purpose model-creation environment for engineering
analysis. Under development.

[88] solverCAD  C:\A\PythonWork\EngPy\ModelBuilder\ExampleProblems\a_circular_orbit_is_in_sun.scin

Solves any system of
nonlinear simultaneous
equations.

Manages the core
numerical library to
achieve robustness.

Generates Python
functions to use in
simulation code.

Uses a library concept
for storing functions for
later use.

File Help
Equation Solver

Solve any system of simultaneous equations

Click here to generate a scriptwrapper for this example
Click here to generate a function for this example
Function return value? p2
Use base units in generated function?
@ Base_Units Userlnput_Units
Get hints for filling out form: -

Graphics Editor

Graphics Settings for Multigraph|_ piot Multigraph

StartPlot -

title=the big one
legend_list=red,blue
xlabel=x axis
ylabel=y axis
y2label=7 axis
index_2nd_yaxis=6

M

4 )
Simple Graphics Settings

X xcolumnhdr xaxistitle: title here

V. ycolumnhdr Y axistitle: title here

Z zcolumnhdr Zaxistitle: title here

Plot Graph

Graph Title Your Title

#EquationsBegin

v=(mu/(Rearth+2)}*0.5

T=((2.0°PD/(mu**0.5))*(Rearth +z)**1.5

h=(Rearth+2)*v

energy=-1.0°mu/(2.0%(Rearth+2))

t=(h**3/mu**2)*Theta
LocalFunctions.Cos(Ninety-ThetaShade2)=Rearth/(Rearth+2)
ThetaShadel=ThreeSixty-ThetaShade2

1l

Solution 1 of 1 -
T = 580106655553 second

Theta = 0.0108310862147 radian E
ThetaShadel = 513011155582 radian

ThetaShade2 = 1.15307375136 radian

energy = -28561184.1327 meter**2/second**2

fakevar = 0.0 dimensionless

h = 52739279452.8 meter**2/second

#KnownsBegin

mu=3.986E14 m**3/sec**2
PI=3.1415926 dimensionless
Rearth=6378000.0 m

2=600002.0 meter

1=10.0 sec
Ninety=1.5707963267949 rad
ThreeSixty=6.28318530717959 rad
ispos=10 dimensionless

+#GuessesBegin
v,1000.0,10000.0,1,m/sec
T,4800.0,8400.0,1,sec
h,1.0E102.64E11,1,m**2/sec
energy,-5.0,-143.0,1,m**2/sec**2
Theta,0.0175,6.37,1,rad
ThetaShade2,0.0175,1.57,1 rad
ThetaShade1,4.71,6.28,1 rad
is_in_sun,0.0,1.0,1,dimensionless
fakevar,0.0,0.0,1,dimensionless

LocalFunctions.Cos,di i ~
LocalFunctions.InShade dimensionless

#ConstraintsBegin .

L 1Gue True
NumRandomGuesses 10
4 )

#0OptimizationBegin
#0ptimizationEnd

Check System ” Get Guesses

[ Solve and Generate Code ” See Scriptwrapper H See Generated Function H Sort Guesses ” Adjust Guesses

if(thetash2 > 0.0): o
retum 1.0

else:
return 0.0

def IslnSun(theta thetashl thetash2):
if(theta < 0.05 and theta >= 0.0):
return 0
else:
return 1

m

#LocalFnsEnd

EnCrit=1.0E-7 <
< )
#DOEBegin -
#DOEEnd
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2. System Builder

A GUI that helps you build, connect, and modify sub-system
models for simulation.

Create system models
from a library of pre-
built subsystems.

Create subsystem
models from equation
solver and external
tools.

Publish subsystems to
library.

Easily replace
subsystems with
higher/lower fidelity
ones.

#;, SimModelBuilder
File Edit View Tools Help

Simulator >
User Level

@) Decision Maker System Modeler

C\Users\pmenegay\Desktop\base2.sim

Model Creator

Actions

New | [ toaa |[ sae |[ saeas |[ che | [ view || Generate | [ OpenGen | [ Loaaverilog | [ Runsim
Basic Subsystem Library/System Optians
Project Name  Satellite_1 VerilogConnectio -1pJ New Name Add

Target Path CAA\AATest32

L]

System Name  Sat

TimeParameters

Tbegin 00 sec
Tend 5000.0 sec
Deltat 10 sec
StringLists

material_string ilicon’, thin_sheet_amarphous_si',/'g
allium_arsenide', indium_phosphide’, multijunction_g
ainp_gaas’]

battery_string=['disconnected’, connected’]

computer_string=["off','on’]
radar_string=["off, on’, warmup’,'standby’]
harddrive_string=["off,'saving’,'erasing’]

communis

tions_string=['off, transmit’ ‘receive’]

HardDrive | Orbit |Radar | SolarPanel | ThermalManager

#§Subsystem

Orbit

#$Type
OrbitalMechanicsModel
#§FidelityLevel

0

#§DeltatLocal

10

#$Parameters

mu = 398600.0
Rearth = 6378.1
z_sat_perigee = 500.0
z_sat_apogee = 510.0

i=40.0
Omeqga = 30.0
omega = 20.0

JD_base = 2450000.0
JD_relative_to_base = 7287.9
lat_gnd = 34.2

lon_gnd = 241.81

Change Variable Names ‘ ‘ Check Inputs

1l

Directory  C\src\hdbase\scriptsim\Examples\Satellite\ | .

Library Models

Battery_UK
Communications_UK
Computer_UK
HardDrive_UK
Orbit_UKTB
Radar_UK
SolarPanel_UK

ThermalManager_UK

System Models

Battery
Communications
Computer
HardDrive

Orbit

Radar

SolarPanel
ThermalManager

Add to System ‘ ‘ Replace ‘ ‘Add to Library
Replacement Rules

Model Type Fidelity Level Parameters

Inputs, Outputs All

Edit Calculations / Utils File

Edit Library Model| Select Model Above gt System Model

SYNAPTICAD




2. System Builder, cont.

Includes a feature to help you edit calculations or link to them

from external tools.

Add Calculations to Utils File
Options

Type

@) Function Library

(©) ModelCenter

() Excel

() ASCIL /O Executable

Function

Link to pre-built models in
SolverCAD, ModelCenter,
Excel, or your own
program.

Input Variables

Output Variables

Insert Python Code

Insert Calculation from External Model or Library

Location

Open Model

Generate and Insert Code

I def (fn.) ] [ class l [ import l
o e [pina
l list ] [ dict I [ read file I

Utils File

Open Utils File  C\src\hdbase\scriptsim\Examples\Satellite\ E

import math
import time
def ConvertToVerilogValue(val, stringlist name=""'):
val = str(val)
try:
val_type = type(eval(val))
if(val_type is float):
return eval(val)
elif(val_type is int):
return eval(val)
elif(val_type is bool):
if(val == "False'):
return @
else:
return 1
except NameError:
#means it is a string
stringlist = FindStringlistInStringlists(stringlists, stringlist_name)
int_val = ConvertStringInStringlistToInt(stringlist,val)
return int_val
def SetDelayAndVerilogOutputs(pasged_in_object):
delta wait = passediiniohjectjicurrent - float(passed_in_object.Sim.time())
passed_in_object.Qinternal_vvd.delay = (str(delts_wait),"Transport")

nassed in ohiect.temn sat wvwoldelav = (stridelta wait)."Transnort™)
4 1

b

oK H Cancel H Help

Buttons for quickly creating
common Python constructs.

Edit the calculation file
for any subsystem in Python.
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modeling of real world systems.

V¢I‘I|.09$¢IHEK1"%III¢F

3. System Simulator

The system simulator combines a high-performance compiled-code
SystemVerilog simulator with a Python interpreter to enable engineering level

Timing diagram with
simulation results

Generated SystemVerilog
code.

Hierarchical view of
subsystems and
components.

Full IDE including single
step debugging,
breakpoints, etc.

Design browsing &
navigation.

Various output formats

F=mEon |

l: View Options Window Hel,
S sdaRa S Tlnbn
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Multifidelity Model

« Models of different fidelity can
be switched on the fly.

As the project advances, the

simulation environment remains

In place, and maintains
connectiveity with previous
models.

[
® AL D == NN "
File Edit View Toals Help
Simulator
User Level
Decisian Maker (©) System Madeler @ Model Creatar
Actions
New Load Save Save As Chack view Generate | | OpenGen | | LoadVerilog | | Symthesis
Basic Subsystem Library/System Options
Project Name  Satellite_1_VerilogConnectio hpi  New Name Add Directory  Csre\hdbasescriptsim ExamplesiSatellite
TargetPath  nenegay\Deskiop\AATestdd Orbit | ThermalManager Library Models System Models
i B #1Subsysiem sk Ot
ommunications
ThermalManager from ThermalManager_MC -
TimeParameters = =l Compressar
#§Type Computer_UK
Thegin 0.0 sec ThermaiModel FuelTank
HardDrive_UK
Terd 10000 e wisigelityLevel aniou
T B ! Orit UK
== b = #HWievel Orbit UKTB
Stringlists 1 Piant
#§Dehatlocal Radat UK
material sing=[silicon thin sheet amarphous g 1 SolarFanel_Excel
allium_srsenide,indlum_phosphide’, multjunction g SolarPanel_Hi
g gaee] #§Parameters SolarPanel_Lo
Battmy,swing={dlsconnactet conmectad] temp_sat init=200.0 SolarFanel UK
- seenned = = e
computer_string=[off o] oES ThemaiManager UK
radar_string=[off /o, warmup’ standby] jnan=Orbitiy jnsun
harddrive_string=[off, saving. ‘erasing| +10utputs
communications string=Coff. ransmit. receive] Qictemal=00
temp_sat=0.0 Add to System Replace Add 1o Library
Replacement Rules
fodei Type [ Fidelity Level [ Parameters
Inputs Cutputs VAV Leve

Change Variable Names

Edit Calculations / Utils File

Ediit Library Model| 5elect Model Above gt System Model

Variable

Replacement rules for

Current Subsystem Variables

Current Library Variables

switching model fidelity

Variable mapping to ensure

#3Subsystem #3Subsystem “  #3Subsystem
SolarPanel from SolarPanel_Hi SolarPanel_Lo SolarPanel_Lo
#$Type #$Type #$Type
SolarPanelModel =| SolarPanelModel = SolarPanelModel
#SFidelityLevel #3FidelityLevel #3FidelityLevel

1 0 0

#$DeltatLocal #$DeltatLocal #§DeltatLocal
10 10 10
#$Parameters #3Parameters #$Parameters

array_area=3.0
theta=041015

array_area=3.0
thetaz!

array_area=array_area
theta=theta

Map: Library variable = Subsystem variable

New Subsystem

-

#3Subsystem i

11l

SolarPanel_Lo
#§Type
SolarPanelModel
#3FidelityLevel

0

#$DeltatLocal
10
#3Parameters
array_area=3.0
theta=0.41015

[

Rename Mapped Variables

OK

Cancel H Apply H Help

e 1
continuity between models
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Model Libraries

« Subsystem model library.

— Orbit calculations, solar panel, battery, etc. are
publishable and retrievable from library.

 Function library for equation solver.

— Generateo functlons can be accessed by System
Builder. &= |

vvvvvv

=======
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Synthesis

« Compares simulation
subsystems with a catalog

of parts.

— User has presumably optimized
the subsystem and now wants to

select hardware.

— Software will choose the closest

part from catalog and

resimulate.

| OpenGen | ‘ LoadVerilog Synthesis

[ Add |

Library/Syste!
Directory  C\src\hdbase\sc

Library Models

Battery_UK
Communications_UK
Computer_UK
FuelTank
HardDrive_UK
Orbit_Circular
Orbit_UK
Orbit_UKTB
Radar_UK
SolarPanel_Excel
SolarPanel_Hi
SolarPanel_Lo
SolarPanel_UK
ThermalManager_MC
ThermalManager_UK

Add to System ‘ |
Replacement Rules

Model Type Fidelity]

[ | | Do Parameter nsertion

Design Synthesis

Selected Subsystems from Catalogs
lon_exp = 26.9
exp_plusminus = 30.0
junk =2

SolarPanel, Selected Part = Model2
array_area = 6.0

theta = 0.4

solar_intensity = 1367.0
inherent_deg = 0.7

material = silicon

Do Catalog Selection
Modified Files

Orbit.py
SolarPanel.py

‘ OK ‘ ‘ Cancel

Inputs, Outputs
Edit Calculations / Utils File

Edit Library Model| Select Model Above  (Egit System Model|

All
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#HHi_Orbit_stt

PA|

=

mu=398600.8

PA|

=

Rearth=6378.1

PAR

z_sat_perigee=500.9

PA|

B

z_sat_apogee=510.0

PAR

i=40.0

PA]

=

Omega=30.0

PA|

=

omega=20.0

PAR

JD_base=2450000.0

PAR

JD_relative to_base=7287.9

PA|

=

lat_gnd=34.2

PA|

=

lon_gnd=241.81

PAR

gnd_plusminus=38.0

PA|

=

lat_exp=22.9

Sat

Satellite Model

atellite circles the

PA|

=

lon_exp=26.9

Hi_SolarPanel Mt

PAR

exp_plusminus=38.0

PAR

array_area=3.0

PA]

=

theta=0.0

PA

=

theta=8.41015

INP

None

PA|

=

solar_intensity=1367.@

ouT

true_anomaly=0.0

PA|

=

inherent_deg=0.77

ouT

lat=0.0

PA

=

material="silicon',material_string

out

lon=0.0

INP

is in_sun=0Orbit.is_in_sun

ouT

is_in_sun=False

ouT

power_output=0.0

ouT

is_over_gnd_sta=False

is_over_exp_zone=False

ouT

altitude=5@5.0

Sat
thegin=0.0
tend=1000.0
deltat=100.8

NASA / JPL

mission is to collect earth da
download it to a ground station at
a battery in the sun and depletes the ba
simulation objective is to understand if the

sized properly.

in a standard elliptical orbit. It’s
ver an experimental zone and
other location. It charges
ry in the shade. The
bsystems are

#itititt ThermalManager fHfHH

#HHH_Battery wE

earth_albedo=0.3

capacity_rating=360000.0

solar_intensity=1388.0

voltage rating=12.0

stefan_boltzmann_const=5.67e-8

total energy charge init=2160000.0

temp_earth=290.0

con_state="connected’,battery_string

temp_sun=5860.0

HHitfHHE Computer fHHHHE

satellite_power_draw=Computer.satellite_power_draw

tenp_space=2.7

PAI

=

power rating=100.@

total energy charge=0.0

radius_earth=6378.1%1000.0

N

PAR

on_state_init="on',computer_string

INP

solar panel_ power_ output=SolarPanel.power output

INP

radar_power=Radar.power

INP

harddrive power=HardDrive.power

>

INP

comm_power=Communications. power

INP

is over_gnd_sta=Orbit.is over_ gnd sta

INP

is over_exp_zone=Orbit.is over_ exp_ zone

satellite_power_draw=0.0

on_state='off',computer string

power=@.0

it Radar_ i
PAR power on=300.0
PA|
PAR power_warmup=169.0
PAI
IN
OUT power_state='off',radar_string
OUT power=8.@

=

power_standby=2@0.@

=

power off=0.0

S

command=Computer.radar_command

sat_diameter=1.0

sat_absorptivity=0.7

sat_emissivity=0.9

earth_emissivity=0.5

sat_thermal_capacity=50.0

temp_sat_init=300.8

B

sat_weight=19.90

is_in sun=Orbit.is_in_sun

sat_altitude=Orbit.altitude

radar_power=Radar.power

radar_command="off",radar_string

harddrive_command="off",harddrive_string

communications_command="off',communications_string

fHitHtH_HardDrive it

PAR storage capacity=658.0
PAR store_speed=0.5

PAR erase_speed=1.0

PAR power_rating=10.8
PAR amt_used init=300.0

INP command=Computer.harddrive command

OUT on_state='off',harddrive_string
OUT store_rate=0.0

OUT erase_rate=0.0
OUT power=@.@
OUT amt_used=0.0

HifHHt_Communications fHHi
PAR transmit speed=10.0
PAR receive speed=20.0

PAR power_rating=5@.@

INP command=Computer.communications_command

OUT on_state='off',communications_string

OUT transmit_rate=0.0

OUT receive_rate=0.0
OUT power=0.0

T

computer_power=Computer. power

harddrive_power=HardDrive.power

comm_power=Communications.power

=1

Qinternal=0.9

temp_sat=0.0




Results

wal| wri[weeo] [mex] [RE]RE]  [Miewbadabies
S| 2| ] | e [Class Methods]
ks

(2 StimulusAndResults.btim *

TFHIVA
= | =

[&-1aR]
3ks

Oks 1ks 2|

Sat clock_reg

2 | m Orbit.true_anomaly 0.169118847655017
5 | J— /\/\/13.5305731407317\/\
a |m it ion 220.53243934"'\//\
5 |y Orbit.is_in_sun[31:0] |fin: Y InSun X InShade )| InSun X InShade InShade InSun X InShade X InSun <
6 | Orbit.is_over_gnd_sta[31:0] | Not_Over Y Over Not_Over | over_X Not_Over { Over | Not Over
[NEL Orbit.is_over_exp_zone[31:0] |["Nof Over Over ) Not_Over {_Over | Not_Over| Not_Over. o) Not_Over
8 | SolarPanel_ power_output 0|
9 | ThermalManager Qinternal |[Y™360 Y 410 Y 00 360 § 300 ¥ 410 [ 300 Y 360 300 10 300 I 360 Y 300
a—
10 | Computer satellite_power_draw L_’—|—I —|_|—‘—|_| jﬁ[]
S — | | —— T
1| ThermalManager temp_sat 244.412675100314
12| Battery.total_energy_charge 1503634 89507634 ——————u
13 | HardDrive.amt_used \ ™~ 212
N N

14 Radar power 200 300 ) 200 300 200200 | 200
15 | u HardDrive.power | 0 10 0 Y 10 X 0 Y 10 f Y100 0 1o)X 0 10 I 1]
16 | o Computer power 00 100
17 | Communications.power |{) 0 50 X 0 Y500 | 0 50 0
18 | ru) Computer.radar_command[31:0] [ Standby ¥ On Standby J_On | Standby | Standby;. Jon Standby
19 | *iomputer.harddrive_command([31:0] |[£ Off Saving_J. Off rasin Off Saving | Off. ;EErasing Off Yo X Off JErasing)
20 | nrir.communications_command[31:0] [[T Off Y Transmit) Off Transmit Off Transmit
21 | Radar.power_state[31:0] | Standby § On Standby X On ¥ Standby | Standby fon) Standby
22 |ru  Communications transmit_rate |[C) 0 Y 10 X 0 L 100X 0 L 10 ¥ 0 o

< | [T} | »
Parameter Window Hide |

| stimulusAndResults btim = 3 f

—Battery slowly drains to 0
—Solar Panel does not recharge it when exposed to sun
le, the Solar Panel is undersized. Battery is oversized.
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Resultsg

« One way to vary the solar
panel / battery size is to use
constrained randomization.

 Solution was to increase the
solar panel area from 3.0 to
4.0 m**2 and decrease the
battery capacity from
360,000 to 60,000 amp-sec.

cont.

nstrain_Batt_SolarPanel.sv

in_Batt_SolarPanel.

5 =5 =z =5 0
& oo oo coeoown O
0o =
BE oW

1ss
$display('Rendomization
sdisplay{obi .cr_to_aar)

en
ss5fclose(wiile):
endprogram

cr_to_aar < 20000}

failed");

nstra _to_
nstra "to_aar > 10000}
nstrai cr »= 55000}
onstrai cr <= 200000;}
onstrai »= 4}
onstrai i0:3
nstrai - to_sar cr 7 asr:}
dclass
initial
n
a

gin
e(wiile,"%0d . %0d “n" obj.cr.obj.aar);
ndomization successful

or = #0d sar = %0d cr_to_aar

('t users/pnensgayvodesktopsdos csvt, vt )
capacity_rating, arrav_area “n");
++)

= z0d",

obj.cr.obj.asr.obi. cr_to_aar)

[ Constrain_Batt_SolarPanel.sv x ,'

ﬂStimulusAndResultsbtlm =]
HiGH [Low] Tr IVALIINVaIIWHJIWLDI Propert
Oks ‘SKS |10ks |15ks |20ks |25ks |30ks |35k5 |40ks |45ks |50k 51878219 ms |60ks
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Results, cont.

» This could also have been achieved by driving
the simulator from a ModelCenter DOE.
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Overall Results

Once engineering models were made, system integration was
fast, 1-2 days for this case.
— Model libraries were key.

Provision for multi-fidelity model switching allowed project to
remain within a single environment throughout its life.

Scalability tests on a simple vehicle object lends credence to

the SystemVerilog approach.

— SystemVerilog can simulate up to memory limits of computer. 18
million vehicles for 32-bit and 40 million for 64 bit.

— SimPy by contrast could simulate 900,000 such objects.

Runs could be made faster by using event-driven simulation. A
10 fold speed up was achieved this way.

— Important for long run times over the life of the system.
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