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The following slides are an introduction to 

the tools referenced in the workshop
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Software/Hardware Co-Development Methodology

Emulation                        Simulation                    FPGA prototyping
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Scalable Verification Power Use-Case

Identify power consumption of end-user applications, across 10’s of seconds, pre-silicon
― Execute end-user app; capture/calibrate/analyze power profiles; identify “areas of interest”

― End-User knowledge needed: how to run apps; how to extract data from OS’s and drivers; etc.

― Multiple methods needed: Execution of Apps; identification of “areas of interest”; sampling; calibration

― Multiple products needed: Veloce HYCON (SW), Veloce Strato+ (HW), Veloce Power App (data), PowerPro (get 
power)
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 Power dissipation could be determined by multiplying 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

― All components of this equation are HW oriented 

except the activity factor which completely depends 

on the running application

― We need to know information about the HW (RTL 

and beyond) and the running application to get the 

power

Power Dissipation of SoC

9



Software to Systems – How do we do it?
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 Hybrid solution introduces the concept of being able 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

Virtual CPU 
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CPU RTL 

States/Registers

Run-Fast to 

Run-Accurate 
Switching

Run-Fast Run-Accurate Concept

13

ARM v8 CPU

ARM v8 CPU



Full SW Stack with RFRA
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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 unique RF-RA mechanism of Veloce HYCON

― We run the platform in RF mode to the start of each Sampling Interval (SI)

― 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

Power Activity Capture Ratio
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 The flow is fully automated to get the average power 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

Automating the Execution Flow
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 This flow generates a power profile for the design

― Generating this database runs in parallel to the emulation run

Veloce Power Profile
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 We use the power profile to monitor the 

activity of the running application on 

the platform
― For this example:

― We run in RF mode till the point at which we need to 

get the average power or check the activity

― We switch to RA mode

― We set the capture ratio to 1 and enable tracing

― We run it for short period 1msec (Sampling Period) 

in RA

― 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)

Application is running

Application is finished

Power Profile of an Automotive Application
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 We can quickly re-configure the platform and see the effect 

on the power profile

― We run 2core and 4core designs.

― We notice 50% increase in the peak activity

with 4core as compared to the 2core.

2core design

4core design

Automotive Application using Different HW Designs
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 Two scripts are provided to run the flow 

of the power calculation tool PowerPro

― The shell script run_powerpro.sh

― Sets the needed environment variables and license.

― Executes the tcl script run_powerpro.tcl

― The shell script run_powerpro.tcl

― Sets the needed global variables for the flow

― Reads the technology library (to determine node 

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

PowerPro 

Engine

run_powerpro.sh

run_powerpro.tcl

Design 

RTL

Technology 

Files

Activity 

Database

Power

Reports

PowerPro Flow
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Sample of PowerPro Flow Output
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 For power calculations, current flow on the power supply 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 SI 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 AI 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)

Board Measurements Setup
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Veloce HYCON Setup

 The following is used/assumed to get the power graphs for the Digital Twin:

― RF mode is used to boot the OS [in 2000msec RF Simulation Time (SimT)]

― ADAS application for PAVE-360 object detection and AI object classification is running 
on Veloce HYCON platform

― ADAS application is left to run for multiples of 300msec RF SimT then the emulation is 
switched to RA mode

― Power is determined for a SP of 2msec in RA mode

― Activity Capture Ratio (CR) is set to 1 to be able to do power estimates
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 Here is the power of the Odroid HW board versus the Emulated values 

scaled based on circuit size 

Comparing Emulation Results with HW
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Areas to Explore

Areas to Explore during the Workshop

 CPU Utilization for: 2-core, 4-core, 8-core

 Execution of the ADAS software

 Change execution time

 Change number of cores
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 We created a script to run the whole flow on the platform. 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

Running the Platform with CPU Utilization Flow
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CPU utilization, during the application execution, will 
be visualized to allow analysis. 
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 Sourcery Analyzer (SA) is a plugin for 

Codebench Siemens tool

― Launch SA using

― Once SA is up and running, create new Analysis project

― Import the database to SA

― Click on the created Session  Agents 

― Double click on the “PAVE360 CPU Utilization” under the 

“Analysis Agents” Tab 

― Note, you can access pre-captured results

Steps to Visualize Data [running SA]
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CPU Utilization with 4-Core Hardware Design (App1)

HW 4-core
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CPU Utilization with 8-Core Hardware Design (App1)

HW 8-core with Affinity Disabled (open SW to 8-core)
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CPU Utilization with 8-Core Hardware Design
(utilizing only 4 cores in SW, App1)

HW 8-core with Affinity Enabled (limit SW to 4-core):
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CPU Utilization 2-Core Edge SW (App2)

HW 2-core
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CPU Utilization 4-Core Edge SW (App2)

HW 4-core
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CPU Utilization 8-Core Edge SW (App2)

HW 8-core
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 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

Reconfiguring the Platform
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 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 

Installing Different SW
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 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. 

Changing the Emulation Execution
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 A methodology to run end-user application on top of an OS in an emulation 

environment was presented

 Methodology enables running the full end-user application in minutes not years

 Methodology allows switching to the RTL accurate hardware model when needed

 Switching to RTL allows collecting valuable data about the power and 

performance of the SW/HW

 Whole flow takes days not years to get the power and performance profiles

 Analyzing the effect of changing the SW and/or the HW on the power and 

performance profiles is easier with the presented methodology

Summary
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