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Agenda- Part 1: Basic Concepts

Overview

Areas of Modeling
Models of Computation

Modeling, Simulation, Analysis and Recommendation using VisualSim

Performance, Power and Functional Analysis
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About Mirabilis Design

Started in 2007 and based in Santa Clara, CA, USA.

Development and support centers in US, India, Germany, China, Japan, Taiwan and Czech
System architecture exploration of electronics, semiconductors and software

Over 250 products worldwide across Semiconductors, Aerospace, Computing and Automotive
VisualSim- Modeling and simulation software

Largest source of system modeling IP with embedded timing and power

100’s of man years experience in system design and exploration of digital electronics

Select the “Right” configuration to match customer request
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VisualSim Architect

» Graphical and Hierarchical modeling Traffic, Hardware-
Traces, Core, DMA,
) : Script, Bus, cache,

» Large library of parameterized components S e Y E——

. . . Muti-core |l Intelligent
» Integrated Discrete and Continuous Simulator T T

» Integrate API for simulators, programs and traces

Reports and
Statistics

Network-
Protocols,

Gateways,
Security,

channels

Software-

RTOS, Task
graph, code
execution

» Optimizer to detect the best configuration

Comprehensive Architecture Exploration Solution



MIRABILIS

Introduction to Conceptual Design

\\\\\ | /////
”’Is this the nght Design?” VisualSim

* Translation from product concept to

implementation is critical link

* Traditional methods are “ad-hoc”

* VisualSim approach reduces risk and
speed’s design

| Errors in early stage cannot be rectified with optimized manufacturing I



Why is Architecture Exploration needed?

MIRABILIS

Commumcatlon Templates Compute/Storage Templates Scheduling/Arbitration

E |]§1Wh|ch architecture is better suited

CPU

| =

Architecture # 1

for our application?

Architecture # 2
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RABI
Types of Model- For Architecture MRARES

Exploration

Mission or Network level
° Flow model- xOn_xOff.xml

> Network- demo/networking folder or demo/automotive

Full System including boards and boxes

> Embedded System- demo/System_Architecture/Video Processing/Video Processing_Model2.xml,
gglmg/ASgstDem_Archlitecture software_Radar_System/Large_Radar_System.xml. Demo/Bus_Std/PCl_Rad/
_RAD_Demo.xm

> Software:demo/software_devl/software_methodology/Software tasks_w_Power.xml,
demo/automotive/Autosar/AUTOSAR_Scheduler/Autosar _Model4a_noCCode.xml

o Evalualti;\g software code- demo/automotive/Autosar/AUTOSAR_Scheduler/Autosar_Model4a.xml (Requires
compile

SoC
o Hardware+Software- early exploration- Multi_Core_Soc_V43.xml
o Hardware+Software partitioning- Timing approximate- demo/partitioning/SoC/Power_Perf Example.xml
o Hardware-software-cycle-accurate- CMN600_with_DDR5_DynamicRT.xml
o Individual component- Bus and Memory-demo/complex_system/Multi_AXl to_Memory_Access.xml



Complete Systems-Level Library

MIRABILIS

dlelslilg]n
Traffic Power SoC Buses System Bus Processors ARM
Distribution State power table AMBA and Corelink PCI/PCI-X/PCle GPU, DSP, uP and puC M-, R-, 7TDMI
Sequence Power AHB, AB, AXI, ACE, Rapid 10 RISC-V A8, A53, A55, A72,
Trace file management CHI, CMN600 AFDX Nvidia- Drive-PX A76, A77
Instruction profile Energy harvesters Network-on-Chip OpenVPX PowerPC
Reports Battery TileLink VME X86- Intel and AMD
Timing and Buffer RegEx operators SPI1 3.0 DSP- Tl and ADI
Throughput/Util 1553B MIPS, Tensilica, SH
Ave/peak power
Statistics
Custom Creator Stochastic Memory Networking FPGA Interfaces
Script language F!FO/LIFO Queue Memory Controller Ethernet & GiE Xilinx- Zyng, Virt.ex, Kintex Virtual Channel
600 RegEx fn Time Queue DDR DRAM 2.3.4. 5 Audio-Video Bridging Intel-Stratix, Arria DMA
Task graph Quantity Queue LPDDR 2. 3 4' g 802.11 and Bluetooth Microsemi- Smartfusion Crossbar
Tracer System Resource HBM HI\’/IC’ 5G Programmable logic Serial Switch
C/C++/Java Schedulers SDR ’QDR RDRAM Spacewire template Bridge
Python Cyber Security ’ ’ CAN-ED Interface traffic generator RTL-like
Support RTOS Storage TTEthernet Software Clock, Wire-Delay
Listener and Template Flash & NVMe FlexRay GEMS Registers, Latches
Trace ARINC 653 Storage Array TSN & IEEE802.1Q Software code integration Flip-flop
Debuggers AUTOSAR Disk and SATA Instruction trace ALU and FSM
Assertions Fibre Channel Statistical software model Mux, DeMux
FireWire Task graph Lookup table

Minimizes the need for custom development and quick custom development language
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Profit Upside using VisualSim

Using Alternate Desigh Methodology

Model Creation (6)
: - Analysis (1.5)

_ Communication and Refinement (6)
Implementation (18)

Using Visfr,uaISim Mod:eI-Based Design Methodologvi

'Accelerate Mbdel Ensuring Highest Quallty
development Product

- Model CW Avierage gain for 24-

1 o/ _ 0,
- Analysis (2.5) i mq:Jnth project is 25%-30%
_ Communication and Refinement (4)

P »l
<« »

Project Schedule Note: All times in months

Quick Model Bring-UP and Meticulous Analysis
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Modeling Examples
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Modeling Examples

Circuit and Mixed-Signal

Traffic, Queueing, Flow Control and Stochastic

Systems Engineering Process

Distributed Computing Systems

Software Design

Sub-system

FPGA Design

Hardware-Software Partitioning

Semiconductors




Circuit Example

MIRABILIS

@ Evaluate junctions and transistors
@ Used to get global or system-wide perspective

@ Semiconductor IC maybe a delay or a queue + processing
element

@ Traffic will be distribution-driven or network traces

@ Traceability is the most important consideration

Digital

WIF
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Converting Sigma-Delta A/D to oooBon
Behavioral Block Diagram
s N
> M v tis [—@—w A _——Cs| Delay K@) :I—‘
ain
el > A e ||




- o | | MIRABILIS
Sigma-Delta A/D in VisualSim using aooonn

Continuous and Discrete-Event SImulators

1.0 - LI
This is a mixed-signal model of a MEMS accelerometer using a digital feedback 0.5
Scaled controller to limit the displacement of the silicon beams. The technigue, which
) ) Scale2 is related to Sigma-Delta A/D converters, is due to Mark Lemkin (Ph.D. thesis,
CTMixedSignalDirector 1997, Mirabilis Design). The accelerometer is modeled as a second order 0.01 1
hﬁ differential system. The acceleration is sampled, filtered, and fed back
to produce a countering electrostatic force.
Scaled II Add1 Integratort Integrator2 PeriodicSampler -0.5T 1
Poul
eedba . . 1
ZeroOrderHold o j > j p——— _|* CTSubsystemn delay FIR Filter Quantizer 1.0
Pin Tl |8 s .
0 2 4 6 8 10 12 14
Sealed .] DEPlot
» CTPlot A H VisualSim Architect - SigmaDelta.DEPlot - ] x
AT . .\,V_(
sin Jﬁy \ Moving Average Average 50 samples File Edit Special Help

sin < 1 } I — T T
% % DigitalSimulator 1.0
Current Time Scaled
b 0.5l
1

0.0r

-0.57

-1.0

Focused on the correctness of the Mathematics. Similar to MatLab




Traffic or Queuing Analysis

MIRABILIS

Analysis
> Quick and extensive feasibility study
o Identify areas for detailed investigation
> Scheduling and priority analysis

Hardware
o Use a SystemResource to define each device
> Routing table to determine path for each task

Software
> Generate a statistical profile for the software code to each target
> Distribution-based traffic to emulate the task and message-passing
o Add priority, target processor and task ordering

Throughput and feasibility study of Network of aircrafts, Ground Station and satellites
o Send and Receive data buffering, link margin and retransmission

o Size data packets to reduce power consumption for loT devices

o Performance degradation due to retransmission or data loss

o Evaluate new protocol standards

o Exploring the impact of data center switches, bandwidth and routing paths
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Flow Control and Scheduling

Use Credit as flow control

Use Xon/Xoff for Flow Control

Input Ch 1
pwcny MER Rate 1 v |
T —— [111) _
] o
et h - > —» Inter-mediate Channel > ' :
— | Jem
—> L
Input Ch X
| —» Output Q should drain rate
Input Ch Y can be programmed
R . >
Input Ch Z
> [[[[F—
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Modeling the Dynamic Behavior

VisualSim Architect - file:/C;/VisualSim/Tool/VisualSim18_6. . .Flow_Control/Flow_Control_... - O X VisualSim Arch.. — O X
R . . Total_Delay_MWin = 0.0,
Flle View Edlt Graph Debug Interface Help Total_Delay_StDev = 3.7983044519159E-9,
= e Utilization_Mean = 0.0}, {BLOCK
' ~ -
Bal«-{hh @aeaRalidO0 »me DELTA -
DS_NAME = "Queue,Common,Sta‘cs",
Find: Traffic Generator Ingress Queues Yon Queue Xoff Queue 0 = 208,
To sels Queues Quetet Ninbar_grtared T
H eu umher_Entere = N
lerary Tree v oLy (82 ) Number_Exited - 130,
;raﬂic — ] Te;)dD‘lsp\ay Humber_Rejected =0,
t [ Occupancy_Max = 1.0,
etuo L Occupancy_Mean = 0.4980694980655,
Traffics Occupancy_Min = 0.0,
?S'TIE)S B Latency Occupancy_StDev = 0.4999962731484,
| awor Traffic3 Expressionlist3 A /[ Queus_Number - 13,
Sma [ [ | - _ TIME = 1.0E-4,
anners Latency_Histogram Total_Delay_Max = 4.3399299999932E-8,
esources [ Tatal_Delay_Mean = 4.2673233846154E-8,
ower Egress Queues ..lll” Total_Delay_Min = 0.0,
ardware Setup : Total_Daelay_StDev = 3.76667B4899552E-9,
ocessorGenerato Utilization_Mean = 0.0}, {BLOCK
DELTA = 0.0,
areDev Traffic2 ExpressionLisi2 DS_NAME = "Queue_Common_Stats",
> i} - 209,
gt ‘;s?f" Bus 5
Number_Enterad = 127,
ser ' rarv 1 Number_Exited = 127,
U" st = Digital2 Number_Rejected =10,
Smard Cantrollerd riableList Occupancy._Max = 1.0,
Statistics : Occupancy_Mean = 0.498023715415,
5 e Occupancy_Min = 0.0,
)‘ "RR2" » ExpressionlList? = Occupancy_Sthev = 0.499995094284,
Queue_Number = 14,
ot ¥Time_yData_Plotter L TIME = 1.0E-4,
< > ResourcaSiatistics = °_yData. et S Total_Dalay_Max - 4.3398800000008E-8,
}\"/ o Ingress_Size: 15 Pta} _gelay_:gan = 3.(2)730402352204&8,
® Threshold: 5 otal_Delay_Min = 4.0,
) Total_Delay_StDev = 3.8166368756054E-9
@ ¥off_Thres: 2 )
SingleEvent ExpressionLibts TextQisplayZ .0ut|;ut_Rale.1000.0eﬁ Utilizatiaon_Mean = 0.0}, {BLOCK
| [ @ Queue_Depth: 100 DELTA = 0.0,
@ ¥off Rate: 610.0e6 DS_NAME = "Queue_Common_Stats",
i : 1 — ® Scan_Rate: 1500.0e6 1D = 300,
B VvisualSim Architect - ... O X ] = INDEX Zo,
Number_Enterad = 132,
. . . 1 1 1 - —_ Number_Exited = 132,
File Edit Special Help B visualSim Architect - .Flow_Control_... O X flumberSxred B
- Occupancy_Max = 1.0,
¥ =] 4 - - Occupancy_Mean = (.4980988593154,
a0’ Latency S OIEIRRIE e Eyit Special Help e vy
[ ‘ [ [ [ [ [ [ ] = |0ccupancy_Stbev - 0.499006385651,
8 Buffer Occupancy ¥ E@EE@ Queue_Number = 15,
T T T T T : T T TIME - 1.0E-4,
B[ 1 Elthy Total_Daelay_Max = 4,3396600000006E-8,
o Total_Delay_Mean = 4.2685459000909E-8,
4r 1 Bagh 1 Total_Delay_Min = 0.0,
= Total_Delay_StDev = 3.7380146955213E-9,
=z e
2r | ‘ | | q 1k i Utilization_Mean = 0.0}}
.HI‘I”II'|||\|||\ |I"| 1]
02 04 04 0.6 0.7 0.8 0.9 04 05 06
Sirmulation Time (Secs)
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Traffic Engineering Example
Top-Level of the Aerial System




Mission-Level Analysis

Find:

Library Tree

Document

Model Setup
Traffic

Results

File IO

Behavior

Mabbers
Resources

Power

Hardware Setup
ProcessorGenerator
Memorv .
HardwareDevices
Interfaces and Buses
Full Librarv
UserLibrarv

MIRABILIS

Find:

Library Tree

Document

Model Setup
Traffic

Results

File I0

Behavior

Mabbpers
Resources

Power

Hardware Setup
ProcessorGenerator
Memorv ]
HardwareDevices
Interfaces and Buses
Full Librarv
UserLibrarv

. Satellite_Relay Find: | DCGS Ground Vehicle DCGS Parameters
Aerlal Coml I |0n Sen Sor Lib T DCGS can be on a Navy Ship, Battle Tank and Ground Vehicles. These systems wil .gax'DJStgtr;?: G.E‘ Shint
’ " . Ibrary Tree icate with i planes and satelites to gather deep strike data, ~ ® Groun on_Name: "Ship1” ) ) .
ACS will satify the Army and Navys_ Critical Need _ process these and determines concurrent location of the target. This models looks @ ﬁemE_PIaF%s‘;'Data__‘I:Ika_g_, Data_Link_2, Data_Link_3
for a worldwide, self-deployable, airborne reconnaissance, Document at the pr ing requil . the data ission and pr ing latency and ~ ® Fum erlan o l;szsba 2
intelligence, surveillance, and target acquisition capability Model Setup verify that arriving data is devoid of errors, if the checksum does not match, @ Frame_L_DB: mel_UB_Sl=e
Traffic a request will made for retransmission. .égléitp?l'i?é;:;ﬁp:?‘dlia ge s 1-5, 5 being the highest
Reconnaissance_Plane3 @ Reject_Thre nge is 1-5, 5 bein i
= R-esu":s Incoming data Compute distance Determine if previous Digital
A File 10 bt
; e - from Satelite from previous hop hop distance is less
BEha‘"or fink or aircraft  Generate Error and delay for link than reception range e
Mabbers ExpressionList2 ExpressionList ;f;‘&’f
Parameters Resources “Bro. e
im Time: . Power ’
Reconnaissance_Plane [] gln;l_glamg.' 1020133 seconds” Hardware Setup ml
e Reconnaissance_Planed : Pfogess-o,;”_agi,unk; 5 Ili”ll'ocessorGenerator
e ® Speed_Processor: 10000000. emorv . E ionLi . pressionListd Latencyvs Time
- o LinkSpeed: 12000.0 HardwareDevices LEeressiontisfansmission —_— L
¢ RTOS_Buffer: 200 Successful
e Cache_Seek_Time_Low: 10.0
# Cache_Seek_Time_High: 10 s transmission Testif signal has been E:lr:.a:gl Eim L
e ~ “ received before. If new
Modify: error-free? add to DB, When should it Rane 1 only
r of processors Compare checksum be removed from the DE? Compute
_DCGS2 Processor Speed against data Latency
DCGS _DCGS3 | . Link Speed Model_List_DS3
L ) T = ]
ﬁ ﬂ Reject_threshold at the D/a o o=+ L
| o -
E VisualSim Architect - file:/ i
nd altiude every 1 sec . & Sim_Tima: Sim_Time L& F
i i i d store in Me AR ® ACS_Number: ACS_Number ~ ® Sources: ACS_Source:
File View Edit Graph Debug Interface Help Em T st B Do Lk wame: S Nama ® Lo SourcasiACS.
i i 3 I ®RTOS Buffer: RTOS_Buffer @ SPeed_Processor: Spr
Inside the Reconnaissance Plane B & |~ v ¥ B | @ @K Q|A|#EZO0G »m e s Coe Saat T Lou G Seok T Low
(Sensors, Data Link and ProcessilFind: | Souree Parametors e oy
Sensor Packages and data link equipn lerary Tree ..Flijrnat_?_ie:':illgl_i:ré;ﬂzonadcasr' VariableList
that communicates sensor data to gro e e T e o Saving X, Yand 2 Transmit data
Dalight Imaging Sensor ¢ Document ~ * Source: "infrared” + Dah_Lmk_ll_J :;:;";’: uP Array of coordinates in virtualy o
(. MASINT Model Setup ® Link_Speed: 7500 ® Source_Num: 2 oo 5 Sparc Processor ransmited frame dastination
—~ T ® X_Distance: 100.0 ® Start_Time: Sen_Start_Time e Serer? ExpressionLists auT
- i Its @Y Distance: 750 ® Mean_Time: Sen_Mean_Time ExpressionList2 e
ACS_Data_Link :Ilees"'fo ® Link_Delay. sqri{X_Distance *2 + Y¥_Distance * 2)iLink_Speed :;i‘:of::m el
i Behavior N
DErs Compute Disk
Data.
Light Detection and Ranging Masked Target § Dego nerate Sensor Populate DS Fields Delay for Space Riec.o- \.-mueF:;:r:mx::mw Fraa far nestw rite
TT— ower data (Unifor] = Link Send to ExpressionList3 - Statement_Delay Resourc:
, I;Iardware Setup Distribution) distribution values  Transrssrorr=Rlesiasmiib | >
JocessorGenerab v Traffic ExpressionList Delay ouT
Parameters Sanenr = . ek
& B ’ _m
@ Cache_Seek_Time_Low: Cache_Seek_Time_Low eRTOS_Bu ( y h alsisls e Processing TextDispla
e Sen_Start_Time: 0.01 .CECHE_&"T‘ | 3 Ricert ’:
@ Sen_Mean_Time: 0.01 ®ACS_Num |

@ ACS_ID: "

# Buf Plot_Mame:"Data_Link_1_Buf'




|
End-Product Study k-

Aerial Common Sensor- Challenges

How many sensor can the system handle?

Compute, Storage and Communication requirements

Timing and power consumption

Project scrapped?
o Weight and battery capacity issues




End-Product Study
Aerial Common Sensor

MIRABILIS

Flle View Edit Graph Debug Interface Help

eaeaFal|iHd O »me

Library Tree

Document

Model Setup
Traffic

Results

File IO

Behavior

Mabpers

Resources

Power

Hardware Setup
ProcessorGenerator
Memorv .
HardwareDevices
Interfaces and Buses
Full Librarv
UserLibrarv

.Aenal {_rornrn-:ln Sensor
pree
..._,

Pt puvesanond @1 thae (OGS

Aerial Common Sensor

ACS will satify the Army and Maw's Critical Need

for a worldwide, self-deployable, airborne reconnaissance,
intelligence, sunmsillance, and target acquisition capability

Satellite Relay

Reconnaissance_Plane3

_—

il

Reconnaissance_Plane
L

ot

DCGS3

DCGES

DCGs2

ram—

-

e Reconnaissance_Plane2

o

Digital

Parameters

& Sim_Time: 10.0 Min seconds™/

e Ref DEI Size: 4000

e Processors_AirLink: §

e Speed_| Processor: 10000000.0

e LinkSpeed: 12000.0

e RTOS Buffer: 200

e Cache_Seek _Time_ Low: 10.0/11000000.0

e Cache_Seek_Time_High: 100.0 / 11000000.0
Statistics

Modify:

Mumber of processors
Processor Speed

Link Speed

Reject_threshold at the DCGS

execution finished.




End-Product Study
Aerial Common Sensor

MIRABILIS

g VisualSim Architect - .ACS _Co... — 1 > g VisualSim Architect - — 1 P
~ Humber ERejected = a, g
DISPLAY AT TIME = —————— 10.00000000000 sec —————— Cccupancy Max = 1.0,
[BLOCE = “PCS_Dar.a_I.in]c-RIOS_SchEd-hCSl“, Cccupancy Mean = 0.4995893367788,
DELTR = 0.0, Occupancy Min = 0.0,
DS MAME = "Cueue_ Common Stats™, Occupancy_StDew = 0.4999998145292,
ID =1, Cueue_Number =1,
INDEX =0, TIME = 10.0,
Number Entered = 689, Total_ Delay Max = 0.00496837627,
Number Exited = 580, Total Delay Mean = 0.0013561969134,
Number Rejected =0, Total Delay Min = 8.2282199993284E-5,
Occupancy_ Max = 110.0, Total Delay_ StDewv = 9.2655786241535E-4,
Jj Cccupancy Mean = 55.476870683921993, Ttilization Mean = 8.1786884890511}
Occupancy Min = 0.0,
Occupancy_ StDewv = 31.6536006244012,
fueue Number =1, DISPLAY AT TIME = —————— 10.00000000000 s ——————
TIME = 10.0, {BLOCE = "Flash_ Memorvy"™,
Total Delay Max = T.1294790485, DELTR = 0.0,
Total Delay Mean = 0.266355335535, D5 MAME = "Queues Common Statsa™,
Total Delay Min = 0.0107664315, ID =1,
Total Delay StDewv = 0.90291378011&3, INDEX =0,
Utilization Mean = 99.579342098} Number_ Entered = 581,
Number Exited = 580,
g HNumber ERejected = 0,
> Occupancy Max = 3.0,
< Occupancy Mean = 1.5719207579673,
Occupancy Min = 0.0,
Flle Ed|t Spec'al Help Oc‘.c‘.up?.ncy_Sr.Dev = 0.6213573377532,
- Cuantity Used Max = 5,
_ ‘& [ S| M| 57| EZ]|cvanticy_vsed_mean =z,
. . . . Lalltencylvs T|n:|e . . . . Cuantity Used Min = o,
I " 1 Latency (ms) = |(Cuantity Used StDew =1,
ga L T - Cueue Number =1,
= | TIME = 10.0,
= Total Delay Max = 0.025,
Zar 1 Total_Delay Mean - 0.02s,
=3 = Total_Delay Min = 0.025,
E ok ] Total Delay StDew = 2.5172580344751E-9,
s | Utilization Mean = 0.0}

4

5 B

Simulation Tirme (sec)
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Systems Engineering Process |

! st 3

K Test 1
Test cases

System model - VisualSim
—— Map
()
© Flow-
N
© [}
T I
Z

|5 3
5 Map %
S g
& S g
QE) Flow-down o
z | Map E
m m
5 Thermal §
3 Flow-down Iz
8 — —

Domain level models — native tools (no change)




Aero Example

UAV testcase (Visualsim)

T

Start

UAV model (Visualsim)

Gower systeb
! A N\
\
~ \'
(oL
/7 /
!
\
\ @ |
\ 1
\ I
\
\

1
\

1
. |,'I
———

Data flow

—————— Power, thermal connection

MIRABILIS

= HW and SW blocks form Avionics

= RF Datalink include transmitter and
receiver

= Key performance of Avionics and RF
Datalink are constrained by input power
and temperature

» GPS performance (sensitivity) is
constrained by RF interference caused
by RF Datalink and temp

Mechanical structure
- (fixed for given model)

Testcase determines power
available with respect to time to

1

functional blocks under simulation

Hardware
Software
RF
Power

Thermal
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Distributed System Analysis

System details
o Multi-independent processing computers

o Software tasks distributed across these computers
o Connectivity across multiple shared networks

Analysis
o Optimal Routing Table configuration
o Capacity planning
> Software tasks and thread distribution
> Resource allocation

8/8/2021 Slide26
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Distributed System Logical Task Flow

M1 M2

(2 v o
M3
Initial Assignhment °

List of Tasks: T1, T2, T3, T4
T1, T2 ->ECU_1
T3->ECU 2

T4 ->ECU_3

Messages: M1, M2, M3, M4

8/8/2021 Slide27




MIRABILIS

Distributed System
uP-Computer/Bus Physical Mapping

CAN 2
ECU_1 ECU 2 Bridge 2
i i T oan 3
Bridge 1 ECU 3
CAN_1 1
Bridge 4
CAN 4

Message Assignment
*Messages: M1, M2, M3, M4
* Internal to ECU, if Source ECU == Destination ECU

*CAN_N bus segments selection based on Source:Destination of Task,
*Routing is selected for shortest hops -

*Dynamic allocation based on topology selection

8/8/2021 Slide28



Applications of VisualSim- Software

Software, RTOS and Scheduling
o Selecting the right scheduler and parameter definition

> Allocation of resources for the software task
o Validating the behavior of the security and safety features
o Parameter tuning or modifying software architecture

Exploring the Firmware
> Timing deadline for the firmware
° Power reduction techniques
> Validating correctness of the algorithm
o Allocating tasks across multi-core platforms

Efficiency, Resource Usage, Performance and Availability



|
Application Task Graph MIRABILIS

(\mplementahon can be in HW or SW)

In this example, the auto-concurrency of the s limited to 3. This means that only 2 a p 2
three instances of each actor can be firing simu lt eo sly.

1 limit auto-concurrency to 3

2 _a 1 P 2
1 1 1 1 1 1
3 3 3
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VisualSim Model of the Task Graph

‘ DigitalSimulator
VariableList

e Sim_Time: 5e-5 ‘ > J'?}
- TextDisplay3 TextDisplay -5&'

Al ExpressionList2

TextDisplay5
ExpressionList4

AL A2
Buf... ﬁ—J ExpressionList3 B2

ExpressionList Input_Buffer_Ocfupancy

A3
ﬁ:j TextDisplay4 TextDisplay2

A
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dlefs]ilgln

Types of Exploration
1. Task Flow through system 1. Task Flow internals

a. Source and intermediate nodes a. Number of accesses per Node or Process

b. Latency for each flow per type b. Correctness of access

c. Usage- processing, buses and memory c. Missing timing deadlines
2. Loading on individual modules 2. Buffer and Scheduler

a. Memory throughput and consumption a. Buffer size impacts

b. Bus and switch usage b. Scheduler efficiency

c. Failure and loss of data c. Waiting or stalled time

d. Non-availability of resources and memory d. Impact of task schedule offsets

b. Any starved flows



VisualSim S

MIRABILIS

oftware Modeling- RAD7/50

VarlabIeLlst. MemorySize: 2000

@ NumOfPartition: 4

o DDRSpeedMhz 300.0
@ SimTime: 5.0

Task_Generator

RTOSQueues ExpressionList®@apper

A 4

MPC

ExpressionList?

DigitalSimulator

Database?2
e mﬁlll
Database3
Resources.

ArchitectureSetup =

— e
Database4

[askList

| — — — ]

===

QS_Priority TaskGenerator

| {uad d "
S'mov'}

TextDisplay

Processor

DynamicMapper QS_Free Mapper4

~TimeDataPlotter

Fork

ExpressionList
~TimeDataPlo
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VisualSim Latency and Functiona kg © =

Exploration Reports

e I e e e —e = = ————— —r — = = ——— - — - ge - = - o= — — o - — - — — —

et o Pt

Iél VisualSim Architect - JAutosar_WatchDog_Manager_ECU_MNetwork_trigger.RTE.ECU_Plotter |EIEIL|

File Edit Special Help
=l
Runnable Processing Times JJJ&
1g T T T T T T 1 ] ! 1 Feady+FHun =
Ready =
o 8 B I
=
& B[ 4
=
£ af ]
2k _
0] o = 1 f\. -
0.2 0.4 0.6 0.a 1.0 1.2 1.4 1.6 1.8
Sim Time (Sec) x10°
— _

[ £ VisualSim Architect - JAutosar_WatchDog_Manager_ECU_Metwork_trigger.Messages.D5_xTime_yDa...

(£ 5| || =

File Edit Special Help

Failed Alive Indications, Deadlines
Deadlines_hax[ ' ! & ' ! ' ' '

Alive_Indications__Max [~

Deadlines_Min[~ o [m]

Alive_Indications_Min [© ) ) X ) ) ) , s
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20

Sim_Time{Sec)




|
esigning Sub-systems- g

oncept and Functional

Operator Ref. Position & TOD ) ig;i:i((j):,l\jlzlr:)tﬁity,
Ref. Heading . . ,
SWS Navigation — » FC/CCS
Ref. Velocity R av status N
> Subsystem » FCICCS
Cccs Ref. Depth |
v VD, Gravity Maps
Ship Data Word R » FC
Ship __ Ship's Motion.. REM » FC
motion B » . )
Earth  wwesseeeed L I »| Assumptions for context diagram:
1) Interface partitioning will remain
TOD, Timin
Data disk __Measured R the Sam_e ) ] 2 » FC/CCS
ata dis . »| 2) Information flow will remain the
Gravity & bottom same Position, Heading, & . ¢
- . Velocity Corrections ™
Satellites —Positionand TOD 3) Dataitems angj rates that NSS Status FC
signals represent the information may Word
change
Evaluation Dat:
Ground velocity & oueTon em » DRS
Ocean  Contour/depth information
Water
................................. » Acoustic Energy
Water Temperature | s p Ocean
Water
7'y
T T T FC = Fire Control
H CCS = Command Control System
Electrical Cooling Chilled Environment DRS = Data Recording System
Power Air Water Interface

------ Sensed or Emitted
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VisualSim Conceptual Model

! VisualSim Architect - file:/C:/VisualSim/Tool/VisualSim17_6. . .Functional| [l VisualSim Architect - F.. — 0 X
File View Edit Graph Debug Interface Help File Edit Special Help
Fa--¥hieafa#000C »m=e ey Y EEIRIRIE
Find: ‘ Functional and Redundancy Modeling Platform. 5 a700000000000000 - 1.
- arameters. :
lerary Tree This. rrodel quickly ir;vestligternes cljiﬁerlent functionacl) ® Sync_Time: gz_gaggggggggggggga o J
modules competing for platform level resources. One ®Sim_Time: 0 &3 | J
Document Architectural Component is shown here. 52'%99999999999993
_I"Ijat'::ifgl Setub £ 2.9699999995899590 [ 1
rarric 7 3 ap09950999009954 1
Results
File 10 2.9699999993999980 [ 1
Behavior 2.9699999999999875 [ T
I'F?aDDers 29pgga9agegqaaerol o ol o Lo
Pc?\f.%l"rces 05 10 15 20 25 30 35 40 45 &0
Hardware Setuo Architecture View SimTime (Sec) w1 D'z
'F\"{ocessorGenerator B Data B
emorv . _ i i i i - — O >
e - Devices _ inertial Sensing 1.1 VisualSim Architect - .F...
II:nii'ierI'_fabces and Buses inertialState. | . accel N pas =17, "
s Ibraw % Inadial_Slale_Angle 5 nl[-||| ...._—1_‘1 Linear Accel_1_1-1_DS THDEX =0
UserLibrarv = " TS| DS Integer Data =0,
- 2L = Internal Execution = true,
Hode_Trace = ["Desired Temp", "Sensor_Enviornment
Source_Node = "Deazired Temp",
I > TIME = 0.047,
Task_Flow_Name = "none”,
= Tazk_ID =2,
= = IMU_Maas_1_1-5 Task PFriority =0,
e i MU Meas_1_1-4 Task_Time = 1.0E-§,
W e Time to Next Task = 1.0E-6} v
execution finished. < >




MIRABILIS
dlefs]ilgln
View Internals of the Inertial Sensing

ExpressionList3

ouT3

1.1.2 Accelerometer
1.1.1 Accelerometers

Interfaces and Readouts
Two_Data_Enable Two_Data_Enabl

Linear_Accel_1_1-1_DS
Inertial_Accel

»—

1.1.3 Sensor Environment
Desired_Temp_DS Sensors and Control

Two_Data
Desired_Temp_1-X

1.1.5 Gyro
1.1.4 Gyros Interfaces

Two Data Enable2 Two_Data_Enable_Out2

Inertial_Angle_Rate

»

Angular_Rate_1_1-1_DS

1.1.6 Gimbal Control
Gimbal_Policy_1-Y Two Data2

ressionListd ouT4

imb...
ExpressionList2 i | ts 1_1-3_D
ouT? imbal_Readouts 1_1-3_DS
— SWAPPED ---
1.1.8 Gimbal ) 1.1.9 Gimbal
LT (o L= T 117 Gimbals Readouts
Gimbal_Motors ) Two_Data Enable3  Two_Data_Enable_Out3 Two_Datad ouT
Gimbal Motors DS input.
output _ input output
< Gimbal Motors  input2

=
@
=
o

ajqeu
3
o




Designing with FPGAS

MIRABILIS

Designers of FPGA systems can easily
o Profile interaction between multiple FPGA, Processors and external memory
° Improve product quality, performance, cost and power with accurate predictions

Eliminate performance bottlenecks with FPGA system models
o Accurate analysis of memory interfaces and processor-to-FPGA Fabric interconnect
o Easy task partitioning to uBlaze, PPC and hardware accelerators for best system performance
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Analysis using Xilinx Zyng-7000

Buffering, Latency and throughput statistics
° For all buses

o Minimum, maximum, and mean
> DMA 1/Os per second

Memory
> Number of Reads and Writes to Memory
o Effective throughput to Memory

Processor
o Hit-ratio, pipeline throughput, buffering and memory required -
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Hardware-Software Partitoning

F visualSim Architect - file:/E:/VisualSim/VisualSim16_64_Jun. . .artitioning/5oC/Power_Perf_examplesml — >
File Wiew Edit Graph Debug Interface Help

e lecr-lgbh @al@a il OO0 »m=e

! Multimedia System Design

Lbrary e Scenarics Top Level Parameters Simulator Engine
Document : . - e e P o 111 =TT = .
Model Setup Scenario (1) : Simple application (traffic model) & Board_Name: '_Sn'aammg_aoard - Init_Memary @ Bus_Name: "“TOP_LEVEL_AXI
Traffic Scenario (2) : HW-SW partitioning (rotation algo) ® Select_Scenaria: 2 o & AX)_Speed_Mnz 166.0

& Sim_Time: 0.02 ;fr,ﬁ @ Architecture_MName: Board_Mame

Results = "
File IO ...t
Behawior AMBA AX]

HW Architecture  pgwer Usage
Mappers

Resources SingleEvent

Power
Hardware Setup !

Mem_Select
= Bus

Activity
and Statistics

ARM_SUBSYSTEM

“Memory_Sel..
Power Percent

Processor Generator | W ACT Timing_Diagram
Memory MOVE_Instructioh_Set — Arch
Hardware Devices ) Shke Plot
Interfaces and Buses Power_Manager InstPowerFlot : %w
— ns erPlo 1 )
..... i Utilizat
Full Library | | Architecture_Setup2 3 Zatan
UserLibrary L | & Enable_Pwr_Gating: false "
Battery_Charge ARME_Instructign_Set Display_Text
""" I tati

sSwW rchitecture“

1

Sofiware_Mapper
call_func()

Trans_Source SofiGen Scenario
s | {"add" |Defining_FIow-:-Mapping-:-Software Mapper'!
g m:ﬂ Softwara_Mapper2
use case A

» Select_Partitioning: "SW"  HW, SW */ : partitioning
candidate
Read Frame Dacode Frame Video post procRender Frame Format conl Rotate Frame

AMALYSIS_PLOT_SW

display

use case B
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Creating Extremely Large Systems

Devices in the SoC

CMN®600 NoC 6*6 and 8*8

8 Al Processor Cores

64 ARM Z1 Cores

16 GPU

4 DRAMS5 and 2 HBM2.0
DMA

Legacy devices via AMAB AXI
Coherent PCle to 2" SoC
DMA and peripherals

Target to achieve

Power <55.0W

Number of frames in 20 ms > 28K
Memory Bandwidth: 1 terabyte

Three Explorations

1. Al and Tasks deployed in Software

2. Al tasks to custom Al processor

3. Power management to reduce power




Scalable SoC Model

MIRABILIS

Parameters

Define at run-time number of instances

o X_dimension: 2FRow*/

o Y_dimension: 2" Celumn®f

@ HNF_Qos_Register_Value_Selection: Generic
® SimTime: 150.0e-6

® Device_Threshald: 50

@ FliL_Size; 266

Parameters - Details

SimTime -

X_dimension - number of Rows -» Linked with XP Module

Y_dimension - number of Columns -> Linked with XP Module
HNF_OoS_Register_Value
imualtion runs for specified time ( in seconds )-

- Value selection from database-> Used in HNF
Linked with Digital Simulator

Digital ® Router_Frequency: 800.0e6
: PowerTable
Lo Power_Plat
d 2 A
ArchitectureSetup ‘
Databases
G Ri tor
SOEET prots VariableList Databases
-~ DS Reg iy
| Y [===ld
===
i
Log_File

“Routing_Tab
p D6 = | :l ]

alxP =g (-

_ ahhass&
&

Edit parameters for XP

Block_Documentatio... [

nlnstances:

instance:

showClones:
Ingress_Buffer_Size:
VC_Buffer_Size:
Router_Frequency:

Node_Name:

Power_Manager_Name:

Single_bit_error_ratio:

Double_bit_error_ratio:

VLAN_Q:
y_val:

¥ _val:

Enter User Documentation re

X_dimension*Y_dimension/*Total number of XP modules that we

0
L]

1000/*The maximum number of packets which can be stored at i

10/*The maximum number of packets which can be stored at egr

Router_Frequency/*Top level parameter*/

"R_"+x_val+"_"+y_val/*DO NOT MODIFY*/

"Manager_1"/*Power Manager name*/

0.4/*Error ratio for Single bit Corruption®/

0.2/*Error ratio for Double bit Corruption®/

4/*Total number of VLAN_Q available*/

instance%Y_dimension/* DO NOT MODIFY */

instance/Y_dimension/* DO NOT MODIFY */

Commit ‘ ‘

Add ‘ ‘ Remove ‘ ‘ Restore Defaults‘ ‘ Pref¢




Cycle-Accurate Processor Analysis

[
Branch- Correct and wrong Hit/miss/prefetch,
predictions S FroT e _ +— Buff Occupancy,
L1 BTB- Max occupancy, (BPU) | stack L1 Instruction Cache Utilization, throughput
. . . /, NanoBTB (64-entry) 64 KiB 4-Way Instruction TLE
hit/miss ratio WicroBTB (64-entry) entry)
RAS stack- Max occupancy [LteniEtE0 16 Byles/cycle Front FTQ —Max occupancy
BHT and GHR can be | p———— End Fetch delay — max, min
analyzed 4-8 Instructions/cycle
W
N
MOP Cache Decode Queue @ ueue occupanc
Replacement rate, / (1.5K-entries) ‘ (16 x 32b) ‘ \2 St'l' ti P Ys
e . g ilization
Utilization, Throughput F—5 — % P 0 ’
Ay B Front stage flush delay —
1-6 MOPs |Demder | |I}=md=r | | Decoder | | Decoder | max and min
Mop MoP Mop Mop
1-4 MOPs ROB Occupancy,
Dependency rate
MoP MoP MoP MoP Mop MoP Mop to UOp rate
. . 5 /
Instruction window | Rename / Allocate / Comrmit |4— Back stage flush delay- max
. ReOrder Buffer (160-entry) .
occupancy — max, min —3—3—3F—3F 313111 and min
i il c
(according to exec unit) 5 Utilization
Dispatch rate- max and min e D|SpatCh romere || et o
— 1 N
r (4]
Dependency nopP HOP HoP popP HoP noP pnopP noP poP nop E z 5 : MSHR ] %
i 46-artry!
[ Issue | o & Q g
| Integer Issue Quele ] FPUlssue Queue] | LSU IssUe Queue | r-? @ % L3
Port Part Port Port Port Part Port Part Port Port Fort Port. 3 (ID 0] ]
noP poP nop pop nor pop popP noP ROP pop nor nor 5 é
w Q
a- (Efarch] (AT () (A . el | B < Queue Occupancy (according to
g = each exec unit)
£ .
B EU Lsu w \u@ | load/store delay max, min
S Load Buffer Store Buffer [v1] o HA H
| {85-entry) | (90-entry) N é Utilization
[+]
— g
EXxecution Engine Ieq, leg, %‘}u o
%y, Vo, e

Data TLB
L1 Data Cache (4‘;.me)

64 KiB 4-Way

(Aiu=-0z )
HHS I




. . . . MIRABILIS
Using VisualSim Cycle-Accurate Library oooono

to Create an ARM A7/ |

Rename _Allocate_Stage Dispatch_Stage Execution_Unit

llll

Integrate Behavior, Timing, Power and Software
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Modeling, Simulation, Analysis and
Recommendation using VisualSim
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Mission-to-Integration Analysis

Integrated/Distributed

Orbital-Level Network-Level

System, Semi, Software
And Boards

[Transmitters Hybrid Vehicle Charging Sy I |Trunk i Electric wil I

[ Transmissions Audio/Sound systems | | Lights Door locks |
[t=5100 [ Cruise control Suspension systems | Power seat controllers

\ ABS Power steering H Airbags Rearview mirror adjustment |
eduled Operation
TTC for 600 s
] \ scheduled Operation:

MEUWarmUP i
[t=900 s] ]
Malntename and A
Power/AC
Storage Facilities Trailer — .
7 a5 &
uled Operation Ethernet -—m

Mobile phones
_Slorage devices

mage Capture for 180 s EEEEEEEEEERP ‘IIII "HEN HEESEE
sl ) l Traction control systems |
L - 27 T
T i

- I High resolution cameras | | High performance transmissions |
| Network communications l I Steering wheel controllers Active suspension systems I
I In-vehicle infotainment system I I Safety equipment Various sensor components I

DCGS - AR/

DCGS-A




MIRABILIS

Mirabilis Design Users and Technology

Internal Users External Users

/," -\

Executable

Specification -

Feasibility &
Risk Reduction

Performance &
Architecture

Algorithm
Validation

<
D)
=
=
0
Q
=
®)
>

3rd Party

Provided { To Implementation
(Schematics, HDL, Embedded C/C++/Java)

Integrate corporate R&D, engineering and suppliers



MIRABILIS

Modeling Abstraction Determines aoomoo
the Level of Accuracy
Abstraction Type of Example Accuracy Limited by
Level Library
SIS Generic E eSouree- ~85% Available parameters
ased
AXI, DDR3,

Branch prediction
Specific | Processor >97% | accuracy and minor
proprietary details

Scripts User’s
n/a Hardware/
Software 95~ None (can be exactly
: ’ to the hardware)
Coding C/C++/RTL/S
n/a
ystemC
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System Modeling

H visualSim Architect - file:/E:/VisualSim/VisualSim16_64_lun. . .artitioning/5oC/Power_Perf_examplesml — >
File Wiew Edit Graph Debug Interface Help
i T 5D tati e 6. Variables/
. 1. Libraries .vocumentation Multimedia System Design Registers
Scenarios Top Level Parameters Simulator § g 3 P t
D s e S - prEAET
MZEQTSZW Scenario (1) : Simple application (traffic model) ® Board_Name: ‘Streaming_Board”  D/OMS SMUEGT ot Memory g Bus_Name: “TOP_LEVEL_AXI" - Farameters
Scenario (2) : HW-SW partitioning (rotation algo) ® Select_Scenaria: 2 o & AXl_Speed_Mhz 166.0 H
:afﬁc 2 P 9 g » Sim_Time: 0.02 P @ Architecture_Name: Board_Name CO nflgu re
esults g
File IO T = e
E:a";‘;:’; HW Architecture  power Usage Mo Seloct -
Resources SingleEvant i ARM_SUBSYSTEN 1 Bus
Power . Activity

"Memory_Se].. and Statistics

Hardware Setup

y,

Timing_Diagram

Processor Generator | r
Memary MOVE_Instructioh_Set HW_ACC Arch
Hardware Devices | pﬁw Skae Plot
Interfaces and Buses | ] ] Utilizati
Full Library B | Architecture_Setup2 5 Zatan
Userlibrary A¥d | | . "

Batiery charge arve_mswweign| 5, Hardware modeling Dispiay_Ted

..... | 7. Generate

components

Traces

SW Architecture Scenario 1

Softw
T 5 SoftGen call_func() " LAl pper
. rans_Source = ,
4.Traff|C/ [ * {'add" | m |Defining_FIow-:-Mapping-:-S
T ARz Software_Napper 6. Use cases/ Behavior
use case A driver layer I |
""""""""""""""""""""""""""""""""""""""""""""""""""" . éi'a'c'r'_'li'a'riftiéh'lh'gi:"-é.\?@‘F'H’ﬁ,’éﬁ'ﬁ""""""l"'p'-'a'r't‘lll'thﬁQ"'|""""""'"""
- candidate
Frame Decode Frame Video post _procRender Frame Format DOFIIJ Rotate Frame | ANALYSIS_PLOT_SW
use case B |

s s — S e b L1 il 7. Report




MIRABILIS

Simulate, Explore and Analyse

3. Compare Results across Multiple Runs

1. Generate parameter variations to simulate on multi-core

|£| MoC_Mem_TG_Demo_pp_index.xml — O >
A E | C | File Edit Activity Xml GnuPlot Comparator Batch Generator
|
Parameter |Ra nge Step Hodel Plots
u |£| End_to_End_Latency_1_End - O X
M Select Parameters = _to_End_| cy_1_End_to_End_Latency_2.plt
E T r E -I-I:I C_E'W_P E r CE n t E E E {Eﬂ- ﬂ: 1":"[] n ﬂ} 2{] n {] Traffic_BW_Percentage=20.0,Mem_Clock_Speed_Mhz=800.0,Read_to_Write_Percentage=Z File Edit Activity Xml GnuPlot Comparator Batch Generator
| - Traffic_BW_Percentage=40.0,Mem_Clock_Speed_Mhz=800.0,Read_to_Write_Percentage=2
RE a d tD wrltE PE rCE ntaEE {2'5'{]! 1m'ﬂ} 2'5'{] [] Traffic_BW_Percentage=60.0,Mem_Clock_Speed_Mhz=800.0,Read_to_Write_Percentage=2 -5
— = = = X10 End_To_End Latency
[] Traffic_BW_Percentage=80.0,Mem_Clock_Speed_Mhz=800.0,Read_to_Write_Percentag T T = T T
[] Traffic_BW_Percentage=100.0,Mem_Clock_Speed_Mhz=800.0,Read_to_Write_Percentages
2. Setu p the requ irements and constraint file Traffic BW Percentage=20.0Mem Clock Speed Mhz=800.0Read to Write Percentage=4
4| ﬁafﬁc_BW_Percenta.ge:Q{).O,Mem_CIock_Speed_Mhz:Ei()O_
Select Plot
A B C D E Input Buffer Occupancy_Devi
1 |Block_Name Stats_Name Constraint  Value Mem_Stats
Power_Plot
2 Sma rt_ReSOLI rce Latency > 2 ||'|p[|'[ Buﬂer[}ccupancy_l;ag‘[
3 Smart_Resource Buffer_Occupancy > 25 Ty
= = Input Buffer Occupancy_Nort|
4 |Smart_Resource2 Utilization >= 0 Input Buffer Occupancy_Devi
5 Input Buffer Occupancy_Souf
Input Buffer Occupancy_Wes
1] 1 [T
| View Plot | | View Selected Traces | | View All Traces

Accelerate trade-offs and exploration by leveraging all available cores
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| 1 1
Block_sta'_l'istics 4.0000000000000 sec

[
Utilizatior TIME Ocecupanc Occupanc Occupanc Occupanc Latency  Buffer_Oc Buffer_Ca BLOCK_TaskID
50 4 0.745356 2 2.666667 4 30 swW_1

3 4
66.66667 6 0.9543398 2 3.1 5 4 5 30 SW 1
75 8  1.17803 2 3.571429 6 5 6 30 SW 1
30 10 1.432644 2 4.055556 7 6 7 30 SW 1
83.33333 12 1.698322 2 4.545455 3 7 3 30 SW 1
85.71429 14 1.970567 2 5.038462 ] 3 9 30 SW 1
87.5 16 2.246973 2 5.533333 10 3 10 30 SW 1
88.88889 18 2.526161 2 6.029412 11 10 11 30 SW 1
30 20 2.807292 2 6.526316 12 11 12 30 SW 1
_ _ 50.90909 22 3.08983 2 7.02381 13 12 13 30 SW 1
Diagnostic 91.66667 24 3.37342 2 7.521739 14 13 14 30 SW_1
92.30769 26 3.657814 2 8.02 15 14 15 30 SW 1
SystemResource TexiDisplay - 92.85714 28 3.942836 2 8.518519 16 15 16 30 SW 1
— 93.33333 30 4.228358 2 9.017241 17 16 17 30 SW 1
93.75 32 4.514285 2 9.516129 18 17 18 30 SW 1
94,11765 34 4.800544 2 10.01515 19 18 19 30 SW 1
94,44444 36 5.087078 2 10.51429 20 19 20 30 SW 1
94,73684 38 5.373844 2 11.01351 21 20 21 30 SW 1
95 40 5.660804 2 11.51282 22 21 22 30 SW 1
Traffic EmressionList mpper 95.2381 42 5.947932 2 12.0122 23 22 23 30 swW_1
& 95.45455 44 6.235204 2 12.51163 24 23 24 30 SW 1
95.65217 46 6.522601 2 13.01111 25 24 25 30 SW 1
95.83333 48 6.810106 2 13.51064 26 25 26 30 SW 1
96 50 7.097707 2 14.0102 27 26 27 30 SW 1
Fllg  EJIT  FOrmat  vIiew I‘|E|p
Block Recommendation 2.0bBeeooeaeRee sec

SH block is not sending out any transaction. Check the resource to make sure the logic is correct at 2.8008008008808 sec
The loading on the SW is above the threshold at 4.8000080808080 sec

The loading on the SW is above the threshold at 6.8000080808080 sec

The loading on the SW is above the threshold at 24.08008008008806 sec

Sl is extremely busy and did not go below the threshold at 24.8080000008008 sec

The loading on the SW is above the threshold at 26.8000008008808 sec
Sk is extremely busy and did not go below the threshold at 26.8060000008000 sec
|
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Software Performance Tuning

Process of accurately measuring the expected latency of a software code on a hardware or SoC
platform using an architecture model

Used to plan the code sequencing and editing to maximize the processor efficiency

Eliminates the need for hardware boards for early testing and validation




Methodology

MIRABILIS

Al and Software Code

Performance Reports

Modify the code to
improve performance Delay_95_StDev_196s

Latency_Value
And repeat loop Mean_95_Confidence

Machine A Machine B

(AT T TSI N TN RTIRELERT

o

xB86Machine

Generates au'ut'plP
for ARM platform

Compile software
to target hardware

Mean_Value
Min_Value
StDev_Value

le 6t Sexch View codng Langusge Setigs Toos Maco Fun Pogin: Window 2
cHHB GBI s Bk c|n T 5351 FINA= EE0ER
user_rgut spocom 3 .mm a\l.u... a\.wu»«... 3]s gt spocet 63| Bttt 3| B Toamx_ Domonstation Sysersmt 3| Bl WhatsApp imoge 202105263199 41 Ao (3 et race e 53

e nxwu:','uxwtsu' SOOI, OO TORIOISET ) ("o o 1AL, Taddl ", “aov), (*0A00", 000", "OsheEELe0, 050", “05007)
i, Oxsacti)“0usa acs

Translate into Interim trace

Execute Software trace
on SoC Platform
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System Verification

L]

Comparator
Match Tag

Golden
Reference

Eliminate product failure by maximizing relevant verification


http://images.google.com/imgres?imgurl=www.ee.ic.ac.uk/docs/software/programming/pascal/console/code.gif&imgrefurl=http://www.ee.ic.ac.uk/docs/software/programming/pascal/console/next4.html&h=498&w=718&prev=/images%3Fq%3Dcode.gif%26start%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN

|
Creating Early Visual Demonstrator zlavr|1| e

Executable Specification

System Architects

Client/Supplier

D filey//CiVisualSimVS64/User Library/Auto/indexhtmi

VisualSim VisualSim
Architect Executable Specification

» Architecture Exploration, power and Performance
analysis

» Dynamic use case and application profiling

» Fault and Reliability analysis

» Models can be viewed, modified and
simulated within Web Page without a local
install

» Experiment with different traffic and use
cases.

Communicate and Share
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Performance, Power and
Functional Analysis




MIRABILIS

Purpose of System Modeling

*Select the right platform

+ Processor, FPGA or SoC

+/ Hardware-Software partitioning

+ Trade-off power, performance and functionality
* Develop full system prototype

+ Visibility into complete system operations
+ View both implementation agnostic and effects

* When to perform system simulation

v Identify capacity limitation and bottlenecks
+ Performance, Power or Functionality is non-deterministic
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Key Terms and Analysis

Architecture Exploration Processor Cord

I0 Cord

° |s the process of evaluating the specification prior to development RPM Sensor In Processor Processor

Board 1 Board 2 Instrument_Output
(am.

System modeling T

o Construct virtual model to represent functionality, timing and power
without the implementation code L]

Power Cord
Trade -off
o Select right configuration and parameters to meet requirements

> Evaluate task mapping, power vs timing, hardware vs software, s osmsal oogmas
distributed vs centralized etc. ) %/\/ o LI UL T T T T T

Performance Analysis

B VisualSim Architect - .IoT_Model_5_Nodes_V6.Device5.Device_5_Av [m] X [ visualsim Architect - .1oT_Model_5_Nodes_V6.Device.BLE Core. . .dare.Pr. -

! VisualSim Architect - .IoT_Model_5_Nodes_V6.Device. MCU.MIPS o X
ope . 05 File Edit Special Help
o Buffer usage, utilization, throughput and latency : § -t
S0E 0005 0010 0015 0.020 0025 0030 0035 0040 0045 000 0055 0.060 0055 0070 0075 0090 0005 0030 0055 0100 o5 \
B visua ct - IoT_Model_5_Nodes_V6.NetworkLatencyPlotte. ] ﬁ{: .‘MA’/\N/\F/\\ #/"*AA’\ /(W\]\N\[\» \/\2 ﬂ_ /VJ x\ /\/\ YA/\
File Edit Special Help e Y v x/ : \/ T vy
Power Measurement - - \ E

nnnnnnnnnnnn

> Peak and average power, device and task energy consumption

8 visualSim Architect - .1oT_Model_5_Nodes_V6.Device4.Device 4 Averag..  — = X
} | File Edit Special Help

Functional Correctness : i ““\ wm,"l\‘}imm H‘{h“\lw‘lll‘w \‘w M £ e
o Arbitration, failure analysis, task scheduling and task graph ot bt b ‘ “

& ()5

Making Better Quality Products




|
Analysis to Identify Bottlenecks and kg © =

Optimize System Specification
- @ -
Analysis
Resource

Efficiency 4y POWEI‘ = Throughput
Planning

Over 500 pre-built reports and statistics
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Statistics and Plots for Accurate Analysis

E VisualSim Architect - CMN600_with_A77_... O X E VisualSim Architect - .Flow_Control_Xon... — O X B VisualSim Architect - Sta... — O X
. ‘ ‘ . ‘ ‘ TIME = 1.0E-4,
File Edit Special Help File Edit Special Help Total_Delay_Max - 4.3399299995992E-8, A
‘)E@E@@ QEEEEE ;:E:}_g:l:iﬂ?:n : 3:567323384615%78,
7 -5 Total Delay StDev - 3.7666784899562E-9,
il T T T T .ThmqghPUt. . : . : Ry T T T T T Latency T T T : Utilization_Mean = 0.0}, {BLOCK
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VisualSim Solution Details

Rapid prototype of systems
o Use Library of modeling components of pipeline, SoC, software and system
> Make decision with Reports and metrics for performance, power and functionality

Select IP blocks and configure
o Partitioning algorithms onto cores/accelerators to meet requirements
° Intelligent Diagnostics provides recommendation on requirements-based feasibility based

Performance testing of Al/Application software
> Run traces of the C/C++/Python code on cycle-accurate SoC architecture model

Integration with design flow
o Generate dynamic documentation for use as specification
° Connect to FPGA boards for early system verification

Dynamic failure analysis for requirements validation and functional safety
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IP selection Parameter selection

°© GDDR6 vs LPDDR5 > Clock speeds

o NoC vs custom fabric o Flit size, width
Topology to meet latency and throughput Functional

o Master and slave placement o Trade-off arbitration, scheduling, dispatcher

o Distance between Routers :

Protocol design

Hardware-software partitioning ° Performance for algorithms and HW assignment

° Distribute tasks on cores, FPGA and multi-ASIC ° Impact on network traffic and QoS
Power-Timing trade-off Software design

° Instant power vs latency o Algorithm and control evaluation

o Test behavior for variable and state change
° Interaction between software components

Rapid prototyping for Trade-offs and architecture exploration
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