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Emulation

Hybrid Execution Engine

Simulation
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FPGA prototyping
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= Run your SW App/Benchmark
= Measure Module Power

Day 1

= Make Performance Analysis
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Correlation Visualization
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No waiting for full RTL to be Ready,
= Run Power analysis on incremental developed RTL IPs
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Power Distribution comparison
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Vista

User User User
Apps || Apps | Apps
| os1 || os2 || os3
| Hypervisor |

Corel Core3
Core2 CPU Core4

This Platform provides modeling regions (Twin, TLM, Hybrid) that can
be individually modified, but collectively stress the system

Each region provides a complete, executing environment, that allows
software to execute on “day 1”, with the flexibility to quickly change the
architecture and hardware components
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Collect power across multi-runs
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Power dissipation could be determined by multiplyin g the current running from the
power supply source and the supply voltage

Supply voltage is highly stable and usually assumed to be constant

Instantaneous power is usually not of an interest

Average power is used to indicate the cost of running an application on the HW

Current is determined over short periods of time to determine the average power over those periods

For digital circuits, a power equation could represent the components to determine the power dissipation

Payn = A Cioag Vad® |

Paak poresr

§
- -

All components of this equation are HW oriented X

except the activity factor which completely depends % e s N S
on the running application '1%

We need to know information about the HW (RTL %

and beyond) and the running application to get the @ S | | I
power Time —=
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Activity Plot Viewer Save the cume

Flle Edit View Tools Settings
id| A A X GQY| ¥ = L|| MBLD
[activity (PE) | »| [ contributors ¥] Plot Type: [stacked Line | w| | )

v Instance Name Total RegQ |
..r:tbench.top.uPlald NDF NDF|

Instances ML —

360_pwi_captu|  toenchiop.uPlaid  m[Reg-Q [i|RegCik ja|Comb fa [Memory

accellera A=W Lo
BVEDN

SYSTEMS INITIATIVE




CPU Power

T 1. T. T, T Run-Fast
P, S L) Run-Accurate

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

Time

Repeat for each power data point \

Power
Report
Point n

Sensitivity
Analysis

Runs - Digital Twin +

Emulator
R

Stimuli Veloce Strato+, Veloce
HYCON

Power Pro

Activity
Dataatt,

Full Stack
Software Veloce Power App

. Internal Power(uwW) Switching Power(uW) Total Power(uW) Percentage(%)
Virtual 3 : i . : -
memo ry o ) o e o o
15436 L] ] 59.8304 59.8304 0.11%
Models v f 1162476 153.01 22054.8 134759 Srass.4 S
s i P S =
sequential ] e (] e o
clock _network 1427069 516.792 6969.5 5742.36 13222.6 23.94%
total 11152377 8464.38 34586.2 12179.4 55223.9 166%

[UI-STATS]  PowerPro process is using 28873 MB, peak 31904 MB, and 14296 seconds, 3:58:16 [+GMB, <OMB, +0s] © Tue Sep 14 04:11:44 2021
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Hybrid solution introduces the concept of being abl e to run the end-user application in two

modes - Run-Fast mode or Run-Accurate mode
1msec of emulation (with HW acceleration) takes 30min of execution [30sec would take around 2 years |

Switching between the two modes is done at run time

The platform needs to be configured to allow the switching at run-time
With Run-Fast (RF) mode, the main processing element of the SoC, the CPU, is virtually modeled at the instruction level

Switching from RF to RA takes less than a minute of execution

Data Bus

IRQS Line
———— |PC mechanism
nIRQ/nFIQ

Run-Fast to
— Run-Accurate
Switching

CPU RTL

-
-
=

[ ]
User H/W
Component

States/Registers
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3. Use RTL CPU to extract power data

1. Run with Virtual CPU in Veloce Hycon RF using Veloce Power App
. 4. Use PowerPro to extract power
2. Use Veloce Hycon RFRA to Inject State B
in RTL o = -
Table B2-1 Registers with IMPLEMENTATION DEFINED bit fields Brake
Name 0p0 |CRn|Op1 CRm | Op2 | Width | Description

S Full Stack SW
- Boot Code

CAN Linux Network Stack C;:(r;g;a - Linux
Socket Linux Ethernet Driver Images Android

_ - Auto Apps
RCAR CAN

Veloce HYCON

| Display | Ethernet Controller

Virtual GPU Memory || UART
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CPU Power

Run-Fast
Run-Accurate

Power dissipation

1
1 13 8 11 1315 17 19 N B 5
1 -
P > |l i |
A% P \ ! o o > ! o Time
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o) [ 0 i T~ il TN, | L |
| - —
1 1 1 y : : ! : ! ! : ! 1 ! g ! High- or Low-Side Measurement,
1 1 1 I 1 1 1 ! 1 1 1 1 : ! 1 Bidirectional CURRENT/POWER MONITOR with 1.8-V °C™ Interface
: > Chechfor St HADY
> 4> HIGH-OR LOW-SIDE SENSING
Sampling Sampling _
Period N )
Interval TI me * Sampling times SP and Sl are not drawn to scale for demonstration
¢ By default SP is 1.1msec and Sl is 1 sec
P3V3
C16
i |
|
= OF | =
X & orrversion Thre: 1, 1ma
I v = = A2 1C SDA 2 fow - -
D3, | v, DDA OETESCT
VIN SCL I® Conversion Time: 8 244ms
R28 D t +
e D2} VN, A0 o
Sm - Al for——————————t e 200 40 000 a00 1000
é ALERT a3 ALERT Table 4., Vous CT Bit Settings [8:6]"
Vus T2 Vaus CT1 Ve CTO
INA231AIYFFR (03] [} (D6) CONVERSION TIME
¢ o o : T
1 X2ps
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Veloce provides flexibility in capturing the power profile for different
capture ratios
HW board measurement determines the average power during the sampling periods
For accurate results it is recommended to use CR-1 (Capture Ratio-1, not skipping any cycle)
Determining the power outside of the Sampling Period is useless and would not match real HW
We created scripts to determine the power only during the Sampling Periods
We use the unigue RF-RA mechanism of Veloce HYCON
We run the platform in RF mode to the start of each Sampling Interval (Sl)
We switch to RA mode and Emulate for the Sampling Period (SP)
The generated activity is then imported to PowerPro to determine the average power dissipation

The average power is plotted and compared to the power of the real HW board
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The flow is fully automated to get the average powe r numbers
A shell script to run the platform and a Veloce script (run.do) to execute the following:

Boot OS on the target
Mount the target file system to the host file system
Start the application on target
Run the emulation in RF mode till the needed Sampling Interval
Switch to accurate mode RA
Enable power tracing of the emulation with CR-1 to generate activity database
Run the emulation for the Sampling Period
Close the emulation and quit
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This flow generates a power profile for the design
Generating this database runs in parallel to the emulation run

Activity Plot Viewer

File Edit View Tools Settings
i@ N e X Q@ | ¥ % || MAB LD || [Activity (RPE) | w| [« v| Plot Type : [Stacked Line | v | 4]

T '
(I

Justify : Left = Right
¥| Instance Name Total Reg-Q
..bench.top.uPlaid  390.55 1.47

\60 pwr cap\ur\ tbench.top.uPlaid HRegO\ |F\eg-CIk] |Comb HMemow
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We use the power profile to monitor the ) (o) v = @
activity of the running application on |
the platform LB Ll

For this example:
We run in RF mode till the point at which we need to

get the average power or check the activity e ) - e

yve syiitgh fokAmode Application is running

We set the capture ratio to 1 and enable tracing —_ S -
. . A ) im| v ey @@l & % | Maa o

We run it for short period 1msec (Sampling Period) | oty e | | [Sontibstors ] ot Ty - acked tne ] ~

in RA e i

We capture power profile
In RF, the application takes 25sec of Simulation, 30min
of Execution

Here we capture in the middle of the application run and ‘ :
after it finishes (we can see the difference in the activity) &= o womem sroarmmm e
Application is finished
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We can quickly re-configure the platform and see th e effect

on the power profile

We run 2core and 4core designs.
We notice 50% increase in the peak activity | o Ty YA [T

with 4core as compared to the 2core. jpehee = lomme '""”"M'M”" M

Activity Plot Viewer - O x

i) A EN AL QQQ| & % || M LD

[ctivity PE) IRl w| Plot Type : [Stacked Line | w (i ]

v|  Instance Name Total RegQ |
11 tbench. top.uPlaid NOF NDF

{
-|
Instances a» _

|60 puwr_capture | thenchtop uPlaid  m[Reg-G [+ |Reg-Cik [ Comb 8 | Memory

4core design

Instances. RIL —

[360_pwr_capture | thenchtop.uPlaid  |Reg-Q |[Reg-Cik i [Comb i [Memory

2core design
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Two scripts are provided to run the flow
of the power calculation tool PowerPro

The shell script run_powerpro.sh Design
. : . RTL Power
Sets the needed environment variables and license. ot
Executes the tcl script run_powerpro.tcl EChnOlogy s S P
The shell script run_powerpro.tcl les OWGIF ro
Sets the needed global variables for the flow Activity Engme
Reads the technology library (to determine node Database

capacitance and supply voltage)

Reads the design RTL and builds design internal
database

Reads the activity database which is generated by
Veloce in the previous steps

Injects the activity database for all nodes and
calculates the power of all nodes

Reports the average power in output text file which
can be plotted
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Power Group | Description

io pad Specifies power consumption for all input-output pads in the design.
memory Specifies power consumption for all identified memory objects.

black box Specifies power consumption for all black box objects.

register Specifies power consumption for all flop and data latch objects.
combinational Specifies power consumption for all combinational gate objects which

|
|
|
I
|

| are not part of clock network.
sequential | Specifies power consumption for all CGIC and clock network latch objects

| (only if global pa clock network include cgics is set as 0).

| Specifies power consumption for all objects which are part of clock

| network. CGIC and latch power is excluded if global pa clock network include cgics

| 1is set as ©O.

| Specifies the total power of the design.

clock network

Power Group Count Leakage Power (uWw) Internal Power(uW) Switching Power(uw) Total Power(uw) Percentage(%)
io pad 0 0 ] (] 0 0%

memory 0 e 0 0 e 0%

black box 15400 e e 2466.85 2466.85 0.08%
register 1132068 837.503 327492 28593 356922 11.5%
combinational 8891559 20255.7 1.30165e+06 1.17945e+06 2.50136e+06 80.63%
sequential 0 0 2] 0 0 0%

clock network 138886 148.001 143868 97693.5 J = 7.79%

total 10177913 21241.2 1.77301e+06 1.3082e+06 3.10246e+06 100%
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For power calculations, current flow on the power s upply grid of the whole Odroid
board is measured with Smart Power2 device
Current is measured for a Sampling Period (SP) every Sampling Interval (SI) on the power grid
Default SP of 1.1msec and Sl of 1sec are used to get the power of the board
Odroid-N2 SBC board contains 4-core ARM v8 based Amlogic S922X SoC
OS is running on the board for around 1 minute

ADAS (Advanced Driver-Assistance Systems) application with PAVE-360 object detection and Al object
classification are running on the board to measure the power dissipation

ADAS (Advanced Driver-Assistance Systems) application runs for around 30 seconds (within the 1min)
Maximum power defined by the board specifications for all components under stressful conditions is
determined to be around 11.5W

Maximum power defined by the board specifications for 4-core ARM v8 CPU under stressful conditions
Is determined to be around 5.5W (which represents around 50% of the board power)
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Here is the power of the Odroid HW board versus the Emulated values
scaled based on circuit size

CES Demo Power Hycon

017 117 217 317 417 517 617 717 817 517 1017 1117 1217 1317 1417 1517 16.17 17.17 1817 19.17 2017 21.17 22.17 2317 2417 2517 26.17 27.17 2B.17 29.17 3017 31.17 3217

Watts (@1.8GHz, 0.8V, A73) Crdroid (X/7)
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Areas to Explore during the Workshop S esson i T [ coge_zcore | e

PAVE360 CPU Utilization L x

ili i sy
CPU Utilization for: 2-core, 4-core, 8-core e
Execution of the ADAS software

CPU (%)

Change execution time Rt |

Change number Of CoreS RoboK Visualisation image O (on pav.. - X
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We created a script to run the whole flow on the pl  atform. It does the
following:

Runs the Emulation (using Veloce Strato+)

Boots the OS on the platform

Runs the application

Dumps the CPU utilization raw information every 1 sec of execution

Converts the raw data to a format that can be displayed using Siemens Sourcery Analyzer tool
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[== Session 1 - Tim : Edge_2core - Ti 23 *a = 0
PAVE360 CPU Utilization  x

110.0 # cPUO
100.0 ) CPU 1

90.0 X
80.0
70.0
60.0 -
50.0
40.0]
30.04
20.0 ¥
10.0- " =
0.0

CPU (%)

T T T T T T T T T
1.0005 1.0015 1.0025 1.0035 1.0045
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Sourcery CodeBench IDE Launcher (on velsa-flc
1 1 Select a directory as workspace
Sourcery CodeBench IDE uses the workspace directory to store its preferences and development artifacts
]

Workspace: | I - | Browse

Sourcery Analyzer (SA) is a plugin for Fosoa e
Codebench Siemens tool
Launch SA using I o
Once SA s up and running, create new Analysis project == =7 0 ciin
Import the database to SA
Click on the created Session  Agents

Double click on the “PAVE360 CPU Utilization” under the ——
“Analysis Agents” Tab . . 2l : -

Note, you can access pre-captured results

requests.

PAVE360 CPU nice
CPU time spend in nice

Displays CPU utilization.

PAVE360 I0Owait
CPU Time in 10O wait state

j————-1
==

PAVE360 CPU Urilization
==

PAVE360 CPU Utilization

This agent has no paramet
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: 11 2 34

|=: 4core - Timeline 22 | =5 8core_Aff - Timeline |Z: 8core_NoAff - Timeline = B8
PAVE360 CPU Utilization [ X

110.0 lcPuo
100.0 CPU1
90.0 CPU 2
80.0 fcPus
70.0|
60.0+ k
50.04 |
40.04 |

30.0- \ !'

20.04 |-
10.0 - \/'
0.0

-10.0

CPU (%)

I 1 I I | I I
50.5m 51.0m 51.5m 52.0m 52.5m 53.0m 53.5m 54
Time (s)

' NI D

HW 4-core
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[E: 4core - Timeline E: 8core_Aff - Timeline |3 8core_NoAff - Timeline £3 = =

PAVE360 CPU Utilization - x
110. l cPrUO
100. CPU 1
90. CPU 2
80. § cPU3
70. f cPU4
= 60 §cPus
= 50 I CPUSB
> : fcPu7
& 40.
30.
20. :
10.
0.
-10. .
=
50.]5rn 51.|0rn 51.15m 52.|0m 52.I5m 53.|0m 53.15m 54.|0m
Time (s)
<] e« 1]

HW 8-core with Affinity Disabled (open SW to 8-core)
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|Z% 4core - Timeline |=: 8core_Aff - Timeline 22 ||=F 8core_NoAff - Timeline = 08

PAVE360 CPU Utilization . av

||

CPU (%)

y | s | = 1 £ | = I . 1 s | b | * 1
50.5m 51.0m 51.5m 52.0m 52.5m 53.0m 53.5m 54.0m 54.5
Time (s)

< o] <] J

HW 8-core with Affinity Enabled (limit SW to 4-core):
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HW 2-core
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HW 4-core
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HW 8-core






The standard way to re-configure the

platform is to use hycon-configure
It provides couple of options to configure the platform
HW and SW
An option “--list” gives the current configurations
hycon-configure - -list
An option “--interactive” gives interactive way to re-

configure
hycon-configure - -interactive



PAVE360 applications are easily installed on
the platform

You have Linux based UART terminal to
communicate with the platform machine to
install any application and run it

It is good practice to be able to run your
application in batch mode to allow
automation

Also, the target file system is mapped to the
host to easily move data between them



L %

Emulation execution is done through
script to maintain determinism and
automation.

To change the Emulation time, you need
to change only one value in the script.












