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Introduction

Vivado Power Analysis and Optimization

Overview

This tutorial introduces the power analysis and optimization use model recommended for use
with the Xilinx® Vivado® Integrated Design Environment (IDE). The tutorial describes the basic
steps involved in taking a small example design from RTL to implementation, estimating power
through the different stages, and using simulation data to enhance the accuracy of the power
analysis. It also describes the steps involved in using the power optimization tools in the design.

Software Requirements

This tutorial requires that the 2013.2 Vivado Design Suite software release or later is installed.
For installation instructions and information, see the Vivado Design Suite User Guide: Release
Notes, Installation, and Licensing (UG973).

Hardware Requirements

The supported Operating Systems include Red Hat 5.6 Linux 64 and 32 bit, and Windows 7, 64
and 32 bit.

Xilinx recommends a minimum of 2 GB of RAM when using the Vivado tools.

Locating Tutorial Design Files

1. Download the ug997-vivado-power-analysis-optimization-tutorial .zip file
from the Xilinx website:

http://www.xilinx.com/cgi-bin/docs/rdoc?v=2013.2;t=vivado+tutorials

2. Extract the zip file contents into any write-accessible location.

This tutorial refers to the location of the extracted ug997-vivado-power-analysis-
optimization-tutorial.zip file contents as <Extract Dir>.

Power Analysis and Optimization www.xilinx.com 5
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i¢ X"_lNX Locating Tutorial Design Files

Note: You will modify the tutorial design data while working through this tutorial. You should
use a new copy of the original data each time you start this tutorial.

The following table describes the contents of the zip file containing the tutorial design files,
ug997-vivado-power-analysis-optimization-tutorial .zip.

Directories/Files Description

/src Contains the design HDL, testbench, and
constraints file necessary for the
functional simulation.

/src/clk_wiz Contains files associated with IP in the

/src/fir_compiler design.

/src/fifo_generator

top.v Top module for the design.

constraints.xdc Contains clocking and timing constraints
for the design.

testbench.v Testbench for simulating the design.

readme.txt A readme file about the tutorial design.

Power Analysis and Optimization www.xilinx.com 6
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Labl

Lab 1: Power Analysis in Vivado

In this lab, you will learn about the Power Analysis and Optimization features in the Vivado IDE.
The lab will take you through the steps of project creation and power analysis at the synthesis
stage, using the Vivado Report Power feature in vectorless mode. It will also demonstrate using
the SAIF file generated from behavioral simulation for Vivado Report Power Analysis.

You will analyze power in the Vivado IDE. Then you will examine some of the major features in
the Power Report window and closely examine some power specific Tcl commands. You will also
learn to create a SAIF file by simulating the design in the timing simulation stage using both the
Vivado simulator and ModelSim.

You will also learn how to invoke Power Optimization after opt_design in the Vivado IDE. You
will examine the power optimization report and selectively turn power optimizations ON or OFF
on specific signals, nets, modules, or hierarchy.

Step 1: Creating a New Project

To create a project, use the New Project wizard to name the project, to add RTL source files and
constraints, and to specify the target device.

e On Linux,

1. Change to the directory where the lab materials are stored:
cd <Extract Dir>/Vivado Power_Tutorial

2. Launch the Vivado IDE: vivado

Power Analysis and Optimization www.xilinx.com
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File Tools

# Vivado 2013.2

Window Help

Step 1: Creating a New Project

===

VIVADO*™

Getting Started

Create New Project

Mew Project Wizard will guide you through the process
of selecting design sources and a target device for
anew project.

Open Project

Open one of the most recently used projects or
any previously created project.

Open Example Project

Open one of the tutorial projects.

Manage IP

Open the IF Catalog and view available IP.

Create and customize IP to be used in a new project
or open previously customized IP to make changes.

Documentation
== Documentation and Tutorials

@

XILINX

PROGRAMMABLE.

Invaluable for first time users or to try new features.

m

User Guide

More detailed info on Vivado commande, dislogs,
and buttons,

Quick Take Videos

View a series of short videos on various topics from
design flows averview to recommended methodology.

Release Notes Guide

Information about installation and new IDS features
in this release.

= Td Console

Power Analysis and Optimization

Figure 1: Vivado IDE — Getting Started Page

On Windows,

1.

Launch the Vivado Design Suite IDE:

Start > All Programs > Xilinx Design Tools > Vivado 2013.2 > Vivado 2013.2

As an alternative, click the Vivado 2013.2 Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page contains links to open or create projects and to

view documentation.

In the Getting Started page, click Create New Project to start the New Project wizard.

Click Next to continue to the next screen.

www.xilinx.com 8
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gII“_ Mew Project &3
Project Name ;
Enter a name for your project and specify a directory where the project data files will be stored ﬂ:t{

Project name: power_tutariall
Project location: | C:/Vivado_Power _Tutarial I:l
| Create project subdirectory

Project will be created at: C: Mivado_Power_Tutorial fpower_tutorial1

| < Back ” Mext = Finish Cancel

Figure 2: Creating a New Project

5. In the Project Name page, name the new project power_tutoriall and provide the
project location (C:\Vivado_Power_Tutorial). Ensure that Create Project
Subdirectory is checked and click Next.

6. In the Project Type page, specify the type of project to create as RTL Project, ensure
that Do not specify sources at this time is unchecked, and click Next.

7. In the Add Sources page:
a. Set Target Language to Verilog.
b. Click the Add Files button.
c. Inthe Add Source Files dialog box, navigate to the <Extract_Dir>/src directory.
d. Select the two .v source files, and click OK.

e. Inthe Add Sources page, change the HDL Source For the testbench.v file to
Simulation Only.

Power Analysis and Optimization www.xilinx.com 9
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gk:'-'_:. Mew Project @
Add Sources
Specify HOL and netlist files, or directories containing HDL and netlist files, to add to your project. Create a new source file on disk ‘?L

and add it to your project. You can also add and create sources later.,

Index MName Library HDL Source For Location
Eimulation only hg1C: Vivado_Power_Tutorial fsrc
e 2 top.v wark Synthesis & Simulation = C:fVivado_Power_Tutorialfsrc
AddFies.. | | AddDirectories... | | CreateFie...

[7] Scan and add RTL indude files into project
Copy sources into project

Add sources from subdirectories

Target language: | Verilog

B e

Figure 3: Setting HDL Source Type for testbench.v

f.  Verify that the files are added and Copy sources into project is checked. Click Next.
8. In the Add Existing IP (optional) dialog box, click Next.

9. Inthe Add Constraints (optional) dialog box, the provided XDC file constraints.xdc
should automatically appear in the main window.

10. Click Next to continue.

11. In the Default Part dialog box, specify the xc7k325tffg900-2 part. Click Boards to
specify the board for the target device and select Kintex-7 KC705 Evaluation Platform.
Then click Next.

12. Review the New Project Summary page. Verify that the data appears as expected, per the
steps above, and click Finish.

Note: It might take a moment for the project to initialize in the Vivado IDE.

Power Analysis and Optimization www.xilinx.com 10
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Step 1: Creating a New Project

#L power tutoriall - [C:/Vivado_Power Tutorial/power tutoriall/power tutoriall xpr] - Vivado 2013.2 [ =] =]
File Edit Flow Tools Window Layout View Help
AR moBE X P D> Y S X L G Soefatlayout R & 2N Ready
Flow Navigator « Project Manager - power_tutorial1 x
Q= Sources _oOwe x T Project Summary X O x
- 2| Project Settings -
4 Project Manager =
3 Project Setiings 5| Project name: power_tutorial1
Product family:  Kintex-7
(% Add Sources v
o | } Simulation Sources (1) Project part: Kintex-7 KC705 Evaluation Platform (xc7325tffgg00-2)
IP Catalo !
a Top module name: top
4 IPIntegrator Synthesis 2/ Implementation =
4 Create Block Design
Status: = Notstarted Status: = Notstarted
3 st ot star
§ Open Block Design Hierarchy | TP Sources | Libraries | Compie Order Meseaues: No arrors or warmins
@ Generate Block Design e ges: g Messages: No errors or warnings
28 “ Part: xc7k325tffge00-2 Part: xc7k325tffg900-2
4 Simuiation =| | Properties s T Strategy:  Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
&% Simulation Settings + & x Incremental Compile: Mone e
({}; Run Simulation Summary | Route Status
4 RTL Analysis DRC Violations 2 Timing
+ g% Open Elaborated Design
DD infrrmatinn ic ant avsilshle harsoes it haen't haan rn Timine infrrmatinn io nnt susishle haraiea it haen' |
4 Synthesis il
&% Synthesis Settings Design Runs _Oe
$ Run Synthesis A, | Mame Part Constraints  Strategy Status Progress Start Elapsed
. B - - 5 .
[B¥ Open Synthesized Design |0 = synth_t XCTK325HFI900-2 constrs_1 Vivado Synthesis Defaults (Vivado Synthesis 2013) Not started 0%
- =5 impl_1 Xe7k3I25HGI00-2 constrs_1  Vivade Implementation Defauits (Vivado Implementation 2013) Not started 0%
4 Implementation -
&5 Implementation Settings
[» Run Implementation JQ q) i =
> @ Open Implemented Desigr - -
= |2 7d Cansole | (> Messages | G Log | 5 Reports', 1% Design Runs

Figure 4: Project in Vivado IDE

13. In the Sources window in the Vivado IDE expand the top Design Source.

Sources

Q ¥ Y| 2 |[E

Gl pég
g G

— 0O w© x

=7 Design Sources (1)
=gy bop (op,) (4]

b3 U - elk_wiz_0
# U4 - fifo_generator_2
# U2 - Fir_comnpiler_0

[ U3 - Fifo_generator_1

[+~ Constrainks (17
[+ Sirmulakion Sources (1)

Hierarchy | Libraries

&L Sources | 7 Templates

Compile Order

Figure 5: Expanding the top Module in Design Sources Window

Notice the U2 - Fir_compiler_0, U0 —-clk wiz_0, U2 — fifo_generator_2 and
U3 - fifo_generator_1 IP cores have a question mark next to them. This indicates
the data sources associated with IP cores in the design have not been specified.

14. In the Sources window, right-click on U0 — clk_wiz_0 and select Add Sources.

Power Analysis and Optimization
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Step 1: Creating a New Project

. power tutoriall - [C:/Vivado_Power_Tutorial/power_tutoriall /power_tutoriall xpr] - Vivado 20132
File Edit Flow Tools Window Layout View Help

Pl E] P b ¥ & K LS S oefultLayout P & B> Ready
Flow Navigator <«| | Project Manager - power_tutoriall X
o T Sources — O X I Project Summary X o2 %
A== 2t B IE 22| Project Settings B
4 Project Manager 4 =
- £l Design Sources (1 3| Projectname:  power_tutoriall
43 Project Settings £ @& top (top
= Product family:  Kintex-7
(5% Add Sources L U0 - lk_wiz_D (ck_n v
£ U4-fifo_generator x Project part: Kintex-7 KC705 Evaluation Platform (xe7k325tffq900-2)
1F 1P catalog = ’ =
[BREL2 - fir_compiler, g Top module name:  top
L U3 -fifo_genera| [@  Source Node Properties... Ctrl+E
4 1P Integrator #1-5 Constraints (1 Hierarchy Update b Synthesis Implementation E
A ) Simulation Sources (1
# Create Block Design @] ret ’
resh Hierarch
3 Open Block Design - i Status: = Notstarted Status: = Notstarted
£ BT Hierarchy | IP Sources | Librg Edit Constraints Set:
P 2 it Constraints Sets... Messages: No errors or warnings Messages: No errors or warnings
o 4 Sources | Tempizt| Edit Simulation Sets... Part: XCTK325tFfg300-2 Part: XCTR325¢Fg900-2
4 Simulation 3 Properties & Add Sources... Alt+A Strateqy:  Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
43 Simulation Settings - 3 o To Source Incremental Compiles Mone
(I} Run Simulation Summary | Route Status
4 RTL Analysis DRC Violations Timing
» {g% Open Elaborated Design
N infrrmatinn ic nnt suailahla harzoea it haen' haon ron Timine infarmatinn io nnt ausishle haraies it haen't |
4 Synthesis d i C
4 synthesis Settings Design Runs _ o x
$ Run Synthesis A, | Name Part Constraints  Strategy Progress Start Elapsed
. B Synthesized Desi
@i Open Synthesized Design |2 synth_t XCTk325tFaS00-2 constrs_1 Vivado Synthesis Defauits (Vivado Synthesis 2013) 0%
ey = impl_t xcTk325tffg900-2 consts_L  Vivado Implementation Defauits (Vivado Implementation 2013) Not started 0%
4 Implementation L
3 Implementation Settings
[» Run Implementation 4 - =
> B Open Implemented Desiar | | = N
2 g | Tel Console | (> Messages | [ Log | % Reports, r Design Runs

=lE ==

Specify and/or create source files to add to the praject.

Figure 6: Vivado IDE — Add Sources

15. Choose Add Existing IP and click Next.
16. In the Add Existing IP page:
a. Click the Add Files button.

b. Inthe Add Configurable IP dialog box, navigate to the /src/clk_wiz directory.

c. Selectthe clk_wiz_0.xci source file, and click OK.

d. Click Finish in the Add Existing IP page.

17. Right-click on U2 - Fir_compiler_0 and select Add Sources.

18. In the Add Sources wizard, choose Add Existing IP and click Next.

19. In the Add Existing IP page:
a. Click the Add Files button.

b. Inthe Add Configurable IP dialog box, navigate to the /src/fir_compiler
directory.

c. Select the Fir_compiler_0.xci source file, and click OK.

d. Click Finish in the Add Existing IP page.

20. Right-click on U4 — fifo_generator_2 and select Add Sources
21. Choose Add Existing IP and click Next.
22. In the Add Existing IP page:

Power Analysis and Optimization
UG997 (v2013.2) June 19, 2013

www.xilinx.com

12


http://www.xilinx.com/

& XILINX.

C.

d.

Click the Add Files button.

In the Add Configurable IP dialog box, navigate to the /src/fifo_generator
directory.

Select the Fifo_generator_2.xci source file, and click OK.

Click Finish in the Add Existing IP page.

23. Right-click on U3 - fifo_generator_1 and select Add Sources.
24. Choose Add Existing IP and click Next.
25. In the Add Existing IP page:

a.

b.

Click the Add Files button.

In the Add Configurable IP dialog box, navigate to the /src/fifo_generator
directory.

Select the Fifo_generator_1.xci source file, and click OK.

Click Finish in the Add Existing IP page.

Now the design is ready for Synthesis.

Step 2: Synthesizing the Design

Step 2: Synthesizing the Design

1. Click Run Synthesis in the Flow Navigator.

The Synthesis Completed dialog box appears after synthesis has completed on the design.

2. Open the synthesized design by selecting Open Synthesized Design in the Synthesis
Completed dialog box and clicking OK.

Power Analysis and Optimization www.xilinx.com
UG997 (v2013.2) June 19, 2013
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Synthesis Completed @

[0] Synthesis successfully completed.

Mext

Run Implementation

@ Dpen Synthesized Desigre

View Repaorts

Don't show this dialog again

QK ] | Cancel

Figure 7: Synthesis Completed Dialog Box

Step 3: Report Power Settings
The Vivado IDE allows you to specify input data to the Report Power tool to enhance the
accuracy of the power analysis.

In the Vivado IDE, you can configure thermal, environmental, and power supply options to
mimic the board level settings as closely as possible.

1. In the main menu bar, select Tools > Report > Report Power.
2. Inthe Report Power dialog box, specify the Output text file as power_1_pwr.

3. Specify the Output XPE file as power_1.xpe. After creating this file when Report Power
runs, you can import the file and results into the Xilinx Power Estimator (XPE).

Power Analysis and Optimization www.xilinx.com 14
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Step 3: Report Power Settings

é":-'_:. Report Power

" wcTk325tffgo00-2,

Results name: power_1

Output text file: | power_1.pwr

Cutput XPE file: pu:u'.-\'er_l.xpe|
Environment | Power Supply

Device Settings

Temp grade:

Process:

Environment Settings

Output Load:

[7] Junction temperature:
Ambient temperature:

[ Effective d1A:
Airflaw:
Heat sink:

G5A:
Board selection:
Mumber of board layers:
(1B:

Board temperature:

Legend

[J User Defined [] Calculated [[] Default

(23]
]
]
Clocks | Initial Settings | Input Files
Commerdal A
Typical -
5+ pF [0 - 10000]
25277 *Cc  [0-85]
25 °C £5 - 85]
1.772 "C/w [0 - 100
250 ¥ | LFM
Medium Profile -
3.3 "o [o - 100
Medium (107107 -
12to 15 -
2,61 "cpw [0 - 100
25 °C -55 - 85]
oK H Cancel

x", Estimate power consumption based on the netlist design and part

Figure 8: Report Power Dialog Box

4. Examine the Environment and Power Supply tabs in the Report Power dialog box (Figure 8
and Figure 9).

Power Analysis and Optimization
UG997 (v2013.2) June 19, 2013
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Step 3: Report Power Settings

w

IMPORTANT: By default, Vivado Report Power uses nominal values for voltage supply
sources. Voltage is a large factor contributing to both static and dynamic power. For the

most accurate analysis, ensure that actual voltage values are entered for each supply.
Similarly, ensure temperature and other environmental factors match actual operating

conditions.

é":-'_:. Report Power

[Q]

Estimate power consumption based on the netlist design and part
wC7k325tffga00-2.

5

Results name: power_1
Output text file: | power_1.pwr \:l
Output XPE file: | power_1.xpe \:l

Environment Power Supply | Clocks | Initial Settings | Input Files

Settings

Veaint: Looo| v [0.870 - 1.030

Viecaux: 1.800 | v 1.710 - 1.890]

Veco33: 3.300 5 ¥ 1,140 - 3.485

Veoo25: 2500 v [2.380 - 2,63

Vcrols: 1800 Vv [1.140 - 1.890

Verol5: 15005 ¥  [1.430 - 1.58

Veoo135: 1350 5 ¥ [1.300 - 1,400

Voo 12: L2000 v 1,140 - 1,260

Viccaux_io: 2,000 | v 1.940 - 2.060

Vecbram: 1000 v 0.970 - 1.030

MGTAVCC: 1000 v [0.970 - 1.080

MGTAVtE: 1200 5 ¥ 1,170 - 1.230

MGTVocaux: 1,300 | ¥ 1. 750 - 1.850]

Vecade: LB00 - v 1.710 - 1,890

Legend

[ User Defined [ Calculated [ Default

[ OK ] | Cancel |

-

Figure 9: Report Power Dialog Box — Power Supply Tab

Power Analysis and Optimization
UG997 (v2013.2) June 19, 2013
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5. In the Clocks tab click on the Show Constrained Clocks link and examine the constrained
clocks in the design.

IMPORTANT: Ensure that all the relevant clocks in the design are constrained. Vivado
Report Power will assume a 0 MHz frequency on clocks that are not constrained , and
this could have a significant impact on the power estimation results.

.

JS_:. Report Power @

,'0‘, Estimate power consumption based on the netlist design and part
WYY c7k325tffg000-2.

Results name: power_1

Output text file: | power_1.pwr

Qutput XPE file: | power_1.xpe

DO

Environment | Power Supply Clocks | Initial Settings | Input Files

Settings
Unconstrained Clocks: 0= mHz (=0

Show Constrained Clocks

Legend
[ User Defined [] Caloulated [ Default

COK ] | Cancel

Figure 10: Report Power Dialog Box — Clocks Tab

Power Analysis and Optimization www.xilinx.com 17
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P

Jﬁ_:. Report Power @

,'0‘, Estimate power consumption based on the netlist design and part
WYY 73250002,

Results name: power _1

Output text file: | power_1.pwr

Qutput ¥PE file: | power_1.xpe

L&

Environment | Power Supply Clocks | Initial Settings | Input Files

Settings

Unconstrained Clocks: 0= mMHz (=0
Constrained Clocks
Clack Period
CLK 10 ns
dkfbout_dk_wiz_0 10 n=
CLK_100MHZ_dk_wiz_0 10 ns
CLK_300MHZ_dk_wiz_0 Ins
Legend

[ User Defined [ Calculated [ Default

QK ] I Cancel

Figure 11: Report Power Dialog Box — Constrained Clocks

Step 4: Running Report Power

1. Click OK on the Report Power dialog box.
This runs the report_power command.

2. Examine the Power Report power_1 generated in the Power tab of the results windows area
in the Vivado IDE.
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Power - power_1 S i N E 4

T2 4 Summary

~-[2 Settings g

Power estimation from Synthesized netlist, Activity derived  On-Chip Power
& 0.389 W
) from constraints files, simulation files or vectorless

E:TE;SUDSJ‘:BI analysis. Note: these early estimates can change after [ Dynamic: 0.229W (59%)
Ization Detals implementation,
[2) Hierarchical (0,22 e
[21 Clocks (0.043 ) Total On-Chip Power: 0389 W [ Clocks:  0.049W (21%)
EHE Signals (0.015 W) ) LD 7% Signals:  0.016W  (7%)
T Dat; 0.0 1:\_ Junction Temperature: 257°C e v
: (0.013 V], . roory
Clock Enable {° Thermal Margin: 59.3°C (32.7W) B Loaic: 0.004W  (2%)
E . 195
SetReset (<1:|  Effactive S1A: 18 °CW | WBRAM:  0.043W (19%)
- . . ) feony
21 Logic ‘?'DD" . Power supplied to off-chip devices: 0W B Dsp 0014w (5%)
21 BRAM (0.043 W) W MMCM:  0.102W (44%)
3 DSP (0.014 W) Confidence level: Low
5 a d(M o 41%, 0 1: 0.003W  (1%)
£ Clock Manager
—
=3 1/0 (0,003 W)
[ Device Static: 0160 (41%:)

& power_1 %
= Td Console LD Messages LE@, Log lé Reports L@ Design Runé\\iﬁ Power J

Figure 12: Power Report

3. Examine the power breakdown in the Power Report by block type (Logic, BRAM, I/O, etc.).

4. Examine the power supply breakdown in the Power Supply view.

Power - power_1 — 0O 2 =
Q, Z % &= = 4 Power Supply
2 Settings b Supply Source  Voltage (V) Total (A)  Dynamic (A)  Static (A)
% a- 389 W) Vednt 1.000 0,192 0.123 0.069
.2 _Utilizatin De“s Vecaux 1,800 0,085 0.056 0,028
ition De i Veeo33 3.300 0.000 0.000 0,000
~[5) Hierarchical (0,23 W) Veeo25 2,500 0.000 0.000 0,000
=) Clocks (0,042 W) Vero18 1.800 0,002 0.001 0.001
=+ Signals (0,015 W) Veco 15 1,500 0,000 0,000 0,000
Data (0.012 W) . |veco13s 1.350 0.000 0.000 0.000
Clock Enable iD-'J'Jz't-'-Ie'II-‘ \veeo 1,200 0,000 0,000 0,000
] _Sert,.fResetl(-:D.DEIDl W) t |Vecaun_io 2.000 0.000 0.000 0.000
i1 Logic (0.00% vecbram 1,000 0,005 0.003 0,002
% [BJP;:":J\E-F:\_?I ) MGTAVEC 1.000 0.000 0.000 0.000
=1 DS (0. ) ) MGTAVt 1,200 0,000 0,000 0,000
- Clock Manage\r {0,102 W) MGTVecaux 1.800 0.000 0.000 0,000
-8 1O (0.003 W) Vecade 1,800 0,020 0,000 0.020
=
[ Calculated [ Default

% power_1 x

Figure 13: Power Report — Power Supply Display

5. Examine the Hierarchical breakdown of the power in the Utilization Details > Hierarchical
view.
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Step 5: Power Properties

Power - power_1 _ O x
Utilization Details - Hierarchical
O, utization Name Clocks (W) | Signals (W)  Data (W)  ClockEnable (W)  SetfReset(W) Logic(W) BRAM(W) DSP(W) ClockManager (W)  MMCM(W)  1/0 (W)
= [ — 0.23 W (
[ 0.103 W 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.102 0.102  <0.0(
10,054 W 0.033 0.008 0.006 0.002 <0001 <0.0001  <0.0001  0.014 <0001  <0.0001 <00
=004 U3 (fifo_generator_ 0.007 0.004 0.003 <0.0001 <0.0001 0.001 0028  <0.0001 <0.0001  <0.0001 <D.0
mo.05W Us (i 0.007 0.004 0.004 <0.0001 <0.0001 0.002 0015 <0.0001 <0.0001  <0.0001 <D.0
10.004 W (1% of to ) Leaf Cells (5
% Data
-2 Clock Enable
< [ (=)
2 power_1 X
B Tdconsole | (& Messages | [ Log | () Reports | % Design Runs | &[J Power
Figure 14: Power Report — Hierarchical Display
. . . . .
6. Examine the Clocks view and the various Signals views (Data, Clock Enable, and
Set/Reset).
L3
Step 5: Power Properties
L
. . .
1. Note the total power (Total On-Chip Power) in the Power Report Summary view.
2. Click on the I/0O tab in the Power Report.
3. Click on the DATA_IN I/O port.
Power - power_1 _owe x
QAT = 4 Utlization Details - /O
3 Settngs A, | utiization Neme [OType 1f0Standerd InputPins  OutputPins  BidrPins IOLOGICSERDES  [ODELAY IBUFLOWPWR  InputTerm  Clock Name
) Summary (0.389 W) = |=p0.003w( 3 top
121 Power Supply 10.002W ( G DATA_OUT A LVCMOS 18 0 24 LI off Mo NONE UDfinst/CLK_10
E-@ Utlization Detais - <0.0001 W <1 DATA_READY NjA LYCMOS 18 0 1 0 No off No NONE U0 finst/CLK_101
R 7 e 7 TS V7 I T S T S TS T (S
-1 <0.0001 W < ERROR A LVCMOS18 0 1 0No off Mo NONE NiA
] <0.0001W | o ak /A LvcMOS18 1 o oMo off Yes NONE ak
1 €0.0001W ( Or DATA_IN_READY NjA LVCMOS 18 1 o 0 No off No NONE NfA
3 Clodk E”ahTE_ [+ DATA_OUT_STALL njA LVCMOS 18 1 0 0o off No NONE Nja
3 Setfeset > RST NjA LVEMOS 18 1 0 0Ne off Mo NONE A
o i =
] Constraint [ Propagated Constraint [ Estimated [ Cakuiated (] Default

2 power_1 X

[5/Td Console | (> Messages | G Log | % Reports | % Design Runs | £J Power

Figure 15: Power Report — 1/0 Display

4. Note that there is a Power tab in the Properties window, displaying I/O Port Bus Properties

for the DATA_IN 1/0.
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M
A

I/0 Port Bus Properties — O
R &

2% DATA_IN

m|

Signal Rate: 37.5 Mirfs
Percentage High: 50.0 %
Legend

[O 4

Edit Properties... |

General | If0 Ports | Power

Figure 16: Properties Window — 1/O Port Bus Properties

5. Note the Signal Rate is 37.5 Mtr/s and Percentage High is 50% for the DATA_IN I/O.

Step 6: Editing Power Properties and Refining the Power
Analysis

1. Inthe /O Port Bus Properties window, click the Edit Properties button.

2. In the Edit Power Properties dialog box, change the Signal Rate to 200 and leave the
Percentage High at 50.0%.

h[hh
1/0 Port Bus Properties — O = il
'C}:j [ p |'|:-r'i}I
71 1
[ DATA_IN g Edit Power Properties @
Signial Rate: 37.5 Mirfs ,'0‘, Set power properties for DATA_IN.
Percentage High: 50.0 % —
Legend Signal Rate: 200 | Mirfs
L] Default Percentage High: 50,000 =] =%
Edit Properties... [ oK ] | Cancel |

General | If0 Ports | Power |

Figure 17: Edit Power Properties Dialog Box
3. Click OK.

4. Rerun Report Power (Tools > Report > Report Power).
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5. Change the Output text File and Output XPE File to power_2.pwr and power_2.xpe
respectively. Then click OK.

6. Inthe Power window, note the change in total power reported in the power_2 report
compared to the power_1 report). The total power has increased due to the change in the
Signal Rate for the DATA_IN I/O. Note that the Signal Rate of the DATA_IN /O is now
color coded as being User Defined both in the properties window and in the I/O view of the
Power Report.

We recommend using this methodology to double check the signal rates and %high values
of high impact I/O ports, control signals (such as resets and clock enables) and high fanout
nets. This is an opportunity to guide the Report Power tool to the right estimation scenario.

Power - power_2 S i R E 4

Q Z % & 5 4 Utiization Details - [jO

4 2, | utilization Name Clock Name Clock (MHz)  Signal Rate (Mtr/s) Data Rate Qutput Enable

B o5 i 15 o o) o | I I S R

£-10.002W [ ERNEEVESA=TIs — = ST - - g
< 10,002 W (- 25 DATA_IN N/A 0,000 200,000 Async E—

-1 <0.0001 W TR e o ot T =Z7.580 SOR 10

-] <0,0001 W - CLK CLK 100.000 200,000 Clock

1 <0,0001 W <1 ERRCR U0 /finst/CLK_100MHZ 100.000 2.068 5DR 1d

-] <0,0001 W [Cr DATA_IN_READY N/JA 0.000 37.500 Async

-] <0.0001 W [+ DATA_OUT_STALL NJA 0.000 37.500 Async

-] <0.0001W (< O RST NJA 0.000 3.000 Async

] I =

[l User Defined [ Constraint [ Propagated Constraint [ Estimated [ Calculated [ Default

S power_1 X | 2 power_2 %
=) Td Console | > Messages | G Log | [2) Reports | % Design Runs -, =) Power

Figure 18: Power Report — User Defined Signal Rate

TIP: In Tcl, use the set_switching_activity command to change the signal rate
O and %high of signals and use report_switching_activity to query values of
signal rate and %high of signals.

set_switching_activity -signal_rate 200.0 -static_probability
0.5 -objects [get_ports DATA_IN]

report_switching_activity -signal_rate -static probability -
objects [get_ports DATA_IN]

Step 7: Running Behavioral Simulation with SAIF Output

Now that you have created a Vivado project for the tutorial design, you can set up and launch
the Vivado simulator to run behavioral simulation. Simulation will generate a switching activity
values file (SAIF) that will enable you to do more accurate power estimation on your design.
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1. In the Flow Navigator, click Simulation Settings to set the behavioral simulation properties.

2. In the Project Settings dialog box, note that the following Simulation defaults are
automatically set:

Simulation set: sim_1
Simulation top-module name: testbench

3. In the Compilation tab, ensure that -debug (the debug level) is set to typical, which is the
default value.

ﬂ"‘ Project Settings @
, 3 \ Simulation |
General Target simulator: Vivado Simulator -
fuuq Simulation set: t sim_1 -

Simulation Simulation top module name: | testbench E]
@ Clean up simulation files
Synthesis Compilation | Simulation | Netlist | Advanced
[> Verilog options:
Implementation Generics/Parameters options: E]
P
LT —debug [typir_al ]
Bitstream —-mt |auto ]
-1 SDF Delay [sdﬁ‘nax ]
=r -rangecheck [l
IP Enable fast simulation models 0
Maore Compilation Options
Select an option above to see a description of it
OK ] [ Cancel Apply

Figure 19: Project Settings — Simulation

4. In the Simulation tab set the Design Under Test Instance as testbench/UUT.

5. In the Simulation tab set the SAIF Filename to power_tutorial_behav.saif. Observe
that the Simulation Run Time is 1000ns.
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6. Click OK.

-~

éﬂ_-,a Project Settings @

?: Simulation
Target simulator: Vivadao Simulator -
General
@‘ Simulation set: e sim_1 -
Simulation Simulation top module name: | testbench E]
9 Clean up simulation files [%
Synthesis Cumpilaﬁup/v Simulation rNeﬁist r.ﬁ.dvanced ]
I) Simulation Run Time 1000ns
—iew
Implementation Design Under Test Instance testbench/ULT
% [ SAIF Filename power_tutorial_behav.saif
1040
Q0o Mare Simulation Options
Bitstream
IP

SAIF Filename
Specify SAIF file name created for power optimization/estimation (from Timing simulation only)

(04 ][ Cancel ][ Apply

Figure 20: Project Settings — Entering Simulation Settings

With the simulation settings properly configured, you can launch the Vivado simulator to
perform a behavioral simulation of the design.

7. In the Flow Navigator, click Run Simulation > Run Behavioral Simulation.
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Step 7: Running Behavioral Simulation with SAIF Output

Generate Block Design

4 Simulation
% Simulation Settings
@1 Run Simulation

4 RTL Analysis
- % Open Elaboraty

4 Synthesis
{f:’} Synthesis Sett

Run Behavioral Simulation

Run Pest-Synthesis Functional Simulation

Run Post-Synthesis Timing Simulation

@- Run Synthesis
3 Synthesized Design

—rES
) testbenc
—

Figure 21: Running Behavioral Simulation from Flow Navigator

When you launch the Run Behavioral Simulation command, the Vivado tool runs xelab in the

background to elaborate and compile the design into a simulation snapshot, which the Vivado
simulator can run. When that process is complete, the Vivado tool launches xsim to run the

simulation.
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Step 8: Incorporating SAIF Data into Power Analysis

2 project_3 - [Ci/Vivado_Power_Tutorial/project_3/project_3.xpr] - Vivado 20132

File Edit Flow Tools Window Layout View Run Help
o= 2 P BH X TG KR 10|us = | Uz (3 | |23 pefault Layout - K| ®

Flow Navigator «
Qs
4 Project Manager

£F5 Project Settings

¥ Add Sources

1F 1P catalog

4 1P Integrator
7 Create Block Desian

Op:

4 Simulation
% simulation Settings
([ Run Smulation

4 RTL Analysis
[ Open Elaborated Design

4 Synthesis
5 Synthesis Settings
@ Run synthesis
a Synthesized Design
(3, Edit Timing Constraints

(2 Report Timing Summary

Behavioral Simulation - Functional - sim_1 - testbench

Synthesis Complete

Scopes - O x Objects N E 48 testbench.v X | 5 Untitled 1 %
AT WS EGE [ < CHIEHESESBIE
Name Designl| | Name Value

= 1 % DATA_IN[15:0] 111101101
- @ uUT op

V) DATA_IN_READY 1
- @ gl gl ~ W RST 1
- ¥ CLK 0
1 DATA_OUT ST... 1
-} DATA READY 1
(1 3 DATA_OUT[23:0] 111111100
 ERROR 0
- & CLK_PERIOD 10.0
13 tco_max 0.45
3 tco_min 0.3
=@ tree_dy_max  0.55
Bteedymn 0.5
=]
%. Scope | & Sources
Simulation Scope P, — O 12 X
G
@ testbench
Name: Jtestbench

Design unit: testbench
1, Report Clock Networks Block type: _ Verilog Module
E&1 Report Clodk Interaction File:
@ Report DRC

] Repart Noise

| Report Utiization

[ Report Power

CiMVivado Power Tutos

v
V] schematic g L
Td Console
0 Ef==rmim 7 | WARNING: Behavioral models for independent clock FIFQ configurations do not model synchromization delays. The behavioral models are functionally ¢ »
3 Implementation Settings - WARNING: Behavioral models for independent clock FIFO configurations do not model synchronization delays. The behavioral models are functionally c
[ Run Implementation | | xsim: Time (s): cpu = 00:00:09 ; elapsed = 00:00:10 . Memory (MB): peak = 1453.777 : gain = 0.000
T — W0} turo: (vivads 12-1335] ¥Sim completed. Design snapshot 'testbench_behay' loaded
N 4|  launch usim: Time (s): cpu = 00:00:14 ; elapsed = 00:00:48 . Memory (MB): peak = 1453.777 ; gain = 0.000 =
4 Program and Debug =] -=
3 Bitstream Settings b r

¥ Generate Bitstraam -

a® Open Hardware Session = 5 Tl Console | © Messages | B Log

Sim Time: 1us

Figure 22: Behavioral Simulation Window in the Vivado IDE

Step 8: Incorporating SAIF Data into Power Analysis

The SAIF output file requested in the simulation run is generated in the project directory. To
further guide the power analysis algorithm we use this SAIF file — a Switching Activity
Interchange Format file.

1. Ensure the SAIF file requested is generated. Check to see that the SAIF file requested in the
simulation settings prior to running simulation appears in this directory:

/<project_directory>/<project_name>/<project_name>_sim/sim_1/
behav/power_tutorial_behav.saif

2. In the Flow Navigator window, click on Synthesized Design.
3. In the main menu bar, select Tools > Report > Report Power.

4. In the Report Power dialog box, specify the SAIF file location in the Input Files tab.

Power Analysis and Optimization
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P

gl‘-:'_:. Report Power @

,0, Estimate power consumption based on the netlist design and part xc7k325tffg300-2.
Results name: power_3
Output text file: | power_3.pwr

Output XPE file: | power_3.xpe

()

Environment | Power Supply | Clocks | Initial Settings Input Files

Settings
Simulation activity file (ved): ||

B

Simulation activity file (.saif): | fsim_1/behav /power_tutorial_behav. saif

QK ] I Cancel

Figure 23: Specifying SAIF File Location

5. Click OK in the Report Power dialog box.

The report_power command runs, and the Power Report power_3 is generated in the Power
tab of the results windows area.
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Power - power_3 — O =
QT 4 Summary
-3 settings » -

Power estimation from Synthesized netiist. Activity derived ~ On-Chip Power
; Power Suph,' ) from constraints files, simulation files or vectorless

analysis. Note: these early estimates can change after D : 0.224W  (53%)
5 UtizatonDetails || implementation. [ Dynamic )
Clocks: 0.099W (22%)
Total On-Chip Power: 0.384W o i 22%)
Signals:  0.017W
" Junction Temperature: 257 °C 0 Signals:
; Logic:  0.003W E
Clock Enable (0 Thermal Margin: 59.3 °C(32.7W) [ Logic 9
Set/Reset (<0, Effective $IA: L8 °CW WERAM:  0.034W (15%)
0.003 —— FPs 0.014W
Power supplied to off-chip devices: 0w =
CM:  0.102W
Confidence level: Medium =
42% Oe: 0.006 W
[ Device Static: 0.160W  (42%) &2
=]

Zpower_1 X |[2power_2 X |2 power_3 X
5 Td Console | © Messages | Gl Log | [ Reports | % Design Runs- £ Power

Figure 24: Power Report — Summary

6. Go to the I/0 view in the Power Report. Note that all the I/O port activity data has been set
from simulation data we specified.

The data is color coded to indicate activity rates read from the Simulation output file.

Power - power_3 — 0O 2 =
AZTZ & 4 Utiization Details - 1jo
3 Settings P O ClodkName Clock (MHz)  SignalRate (Mirjs)  DataRate  OutputEnable (%)  TermDisable (%)  IBUF Disable (%)  Outputload (pF)  Vecint (W)
2 Summary {0,334 W) =
W ca
:E E?Jl"er:”pg"’tal ak 100.000 200,000 Clock 0.000 0.000 0.000 0.000 0.000
55 Utiization Details NjA 0.000 200,000 Async 0.000 0.000 0.000 0.000 0.001
NfA 0.000 25.000 Async 0.000 0.000 0.000 0.000 0.000
U0/inst/CLK_100MHZ 100.000 7.917 SDR 100.000 0.000 0.000 0.000 0.000
NfA 0.000 16,000 Async 0.000 0.000 0.000 0.000 0.000
) ClockErable (0 U0finst/CLK_100MHZ 100.000 7.000 SDR 100.000 0.000 0.000 0.000 0.000
_j 5° ”at el U0 /inst/CLK_300MHZ 300.000 1.000 SDR 100.000 0.000 0.000 0.000 0.000
=) SetfReset (<0, NJA 0.000 1,000 Async 0.000 0.000 0.000 0.000 0.000
« m =
[[J User Defined [] Simulation [X] Propagated Constraint [] Calculated

S power_1 x| 2 power_2 x| 3 power_3 X

5 Td Console | ) Messages | [ Log | 2 Reports | [% Design Runs. ] Power

Figure 25: Power Report — 1/0 Display

7. Note the difference in total power numbers (Total On-Chip Power in the Summary view)
between a pure vectorless run in the power_1 results versus with the behavioral simulation
data in the power_3 results.

Step 9: Implementing the Design

1. In the Flow Navigator, click Run Implementation.

2. When prompted to Save project before launching implementation click Don’t Save.
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Lab 2: Vivado Simulator Timing
Simulation and Power Analysis

In this lab, you will learn about generating a SAIF file after running a timing level simulation
using the Vivado Simulator. The lab will take you through the steps for SAIF file creation,
running timing simulation, and estimating power using the SAIF data.

Step 1: Open the Implemented Design

1. In the Implementation Complete dialog box, select Open Implemented Design and click
OK to open the implemented design.

Now you are ready to set up and launch the Vivado simulator to run post implementation
timing simulation. You will set the timing simulation properties in the Vivado IDE, then run
the timing simulation.

2. In the Flow Navigator, click Simulation Settings to set the timing simulation properties.
3. In the Project Settings dialog box, note that the following defaults are automatically set:
Simulation set: sim_1
Simulation top-module name: testbench

4. In the Compilation tab, ensure that -debug (the debug level) is set to typical, which is the
default value.
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Step 1: Open the Implemented Design

P

al“:i:. Project Settings

=

A

General

Q

Simulation

Synthesis

>

Implementation

P
1010
[alulub]

ts

IF

Bi

Simulation |
Target simulator: Vivado Simulator -
Simulation set: i sim_1 -

Simulation top module name: | testhench

Clean up simulation files

Compilation | Simulation | Metlist | Advanced

Verilog options:

Generics/Parameters options:

—debug [typical ]
--mt [auto ]
SDF Delay [sdﬁ'nax ]
~rangecheck |

Enable fast simulation models [

Mare Compilation Options

Select an option above to see a description of it
K ] [ Cancel Apply

Figure 26: Simulation Settings — Compilation Tab

5. Inthe Simulation tab set the Design Under Test Instance to testbench/UUT and the SAIF
Filename to power_tutorial_timing_xsim.saif.

6. Observe that the Simulation Run Time is 1000ns.

7. Click OK.
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P

J‘E‘_:. Project Settings @

@ Simulation |

Target simulator: Vivado Simulator -
General
@‘ Simulation set: e sim_1 -
Simulation Simulation top module name: | testbench E]
Clean up simulation files
Synthesis Compilation Simulation | Metlist | Advanced
|> Simulation Run Time 1000ns
—view
Implementation Design Under Test Instance™ testhench/ULT
& [ SAIF Filename™ power _tutorial_timing_xsim. saif
1010
200 Mare Simulation Options
Bitstream

ﬂ

Select an option above to see a description of it

oK ] [ Cancel Apply

Figure 27: Timing Simulation Settings — Simulation Tab

With the simulation settings properly configured, you can launch the Vivado simulator to
perform a timing simulation of the design.

8. In the Flow Navigator, click Run Simulation >Run Post-Implementation Timing
Simulation.
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al‘s'_:. project_3 - [C:/Vivado_Power_Tutorial/project_3/project_3.xpr] - Vivado 20
File Edit Flow Tools Window Layout Wiew FRun Help

AR R X PP UBX TG KR

Flow Mavigator LS Beha
Q== Scope

4 Project Manager
@ Project Settings

Marne

O"J'ﬁ Add Sources
1F 1P catalog

4 TP Integrator
Ixﬁ Create Block Design
8 Cpen Block Design

""_'._: Generate Block Design

4 Simulation

% Simulation Settings

Fun Sim . . -

@ Fun Behavioral Simulation

4 RTL Analysis Run Post-Synthesis Functional Simulation
- [g* Open El; Run Post-Synthesis Timing Simulation

4 Synthesis Run Post-Implementation Functional Simulation

% Synthes Run Post-Implementation Timing Simulation

$- Run Synthesis

d Synthesized Design
£, Edit Timina Constraints 1

Figure 28: Running Post-Implementation Timing Simulation

9. After the Vivado simulator has finished simulating the design, ensure that the SAIF file
requested has been generated. Check to see that the SAIF file requested in the simulation
settings prior to running simulation appears in this directory:

/<project_directory>/<project _name>/<project name>.sim/
sim_1/impl/timing/power_tutorial_timing xsim.saif
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Objects I m TS @ top.y X | B Untitled 1 X oue x
)

O o |ch|aia| 16 1B

Name Value Data Type

)% DATA_IN[15:0] 0100101101... Array
- ¥ DATA_IN_READY 1 Logic

0100101101001001

-V RST 1 Logic
¥ aK 0 Logic
1§ DATA_OUT ST... 1 Logic
L DATAREADY 1 Logic
Fr)- B DATA_OUT[23:0] 1111111001... Array
% ERROR. 0 Logic
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- 1§ tco_max 0.45 Float Type
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‘@ tree_dy_max 055 Float Type
Btree_dy_min 0.5 Float Type

Figure 29: Post-Implementation Timing Simulation using the Vivado Simulator

Step 2: Running Report Power in Vectorless Mode

1. In the Flow Navigator, select Implemented Design > Report Power to open the Report
Power dialog box.

You can also select Tools > Report > Report Power from the main menu bar.
2. Verify that all the input settings look right and click OK.

The Report Power command creates a Power Report under the power_1 tab in the results
windows area.

3. Note the total power (Total On-Chip Power) in the power report Summary page (0.335W
in Figure 30).
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Figure 30: Running Post-Implementation Report Power in Vectorless Mode

Step 3: Running Report Power with Vivado Simulator
SAIF Data

The project directory contains the SAIF output file requested in the previous timing simulation
run. We use this SAIF file — a “Switching Activity Interchange Format” file — to further guide the
power analysis algorithm.

1. In the main menu bar, select Tools > Report > Report Power.
2. In the Report Power dialog box, specify the SAIF file location in the Input Files tab.

The SAIF file, which was requested in the simulation settings prior to running timing
simulation, should appear here:

/<project_directory>/<project _name>/<project name>.sim/
sim_1/impl/timing/power_tutorial_timing xsim.saif
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> -

&:_:. Report Power @

,'0‘, Analyze power consumption based on the implemented design and part
WY c7k35tfRao00-2,

Results name: power_2

Output text file:

aja

Qutput XPE file:
Environment | Power Supply | Clocks | Initial Settings Input Files

Settings
Simulation activity file {,wcd):

Simulation activity file (.saif): | /iming/power_tutorial_timing_xsim. saif

B

Ok ] | Cancel

Figure 31: Specifying SAIF File Location

3. Click OK in the Report Power dialog box.

After the Report Power command completes, the Power tab in the results windows area
displays Power Report power_2.

4. Note the change in total power (Total On-Chip Power in the Summary view) in the
power_2 report compared to the power_1 report. The total power estimated in the report
generated with SAIF file data will be different than the total power estimated in the
vectorless run (power_1 results).
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Figure 32: Power Report with SAIF Data

been set from simulation data the SAIF file provided.

The data is color coded to indicate activity rates read from the Simulation output file.

Power - power_2

QTS &
Settings 4
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Utilization Details

Clock Manager (0.101 "
& 1Mo

[ power_1 x| [5 power_2 X

= Td Console | 7 Messages

Examine the summary and block level power distribution in the Summary view of the Power

Go to the Signals >Data view in the Power Report. Note that all the Signal Rate data has

— O =
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-] =0,0001 W I U4/unfinst_fifo_gen/gaxis_fifo.gaxisf.axisffarf.rffantv_or_sync_fifo.glo.rd/ar L.rfwf... 46,000 7.666 28
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-] «0,0001W I u3uojinst_fifo_gen/gaxis_fifo.gaxisf.axisffgrf.rfjantv_or_sync_fifo.gl0.wr7_out[0] 21.000 21.078 16
-1 <0,0001 W _I' u3juninst_fifo_gen/gaxis_fifo.gaxisf.axisffarf.rffantv_or_sync_fifo.alo.rd17_out[0] 18.000 15.000 17
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-] £0.0001 W (<1% I u2junji_synthfg_single_rate.i_single_ratefg_s_data_chan_fifo.i_s_data_chan_fifo/f... 45.000 92.314 4 -
o i =]
[ Simulation [ Calculated
Ed Log | 2 Reports | % Design Runs Z[) Power
Figure 33: Power Report Signals > Data View - Simulation SAIF Data for Signal Rates
In the Summary view of the power_1 report (the report generated by the vectorless
analysis), click on the Confidence level (Medium in Figure 34).
The Confidence Level is a measurement of the accuracy and the completeness of the input
data Report Power uses as it performs a power analysis.
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Notice that for the vectorless analysis the Confidence Level is Medium, since for the I/0
Activity more than 25% of inputs are missing user specification and for Internal Activity
less than 25% of internal nodes are user specified.

LI Lynamic: UL/ASW (54
Total On-Chip Power: 0.335 W 1%
¥ v M III ERL" _
Junction Temperature: 25.6 °C - 0 O Clocks: 0,020 (115
Thermal Margin: 59,4 "C(32.7W) [ signals:  0.007wW (49
Effective G1A: 1.8 "Ciw [ Logic: 0.003 W (2%
Power supplied to off-chip devices: 0w [l BRAM: n.o028w  (16%%)
Confidence level: Medium [ D5E: o.o11w (6%
Confidence Level Details X
Design State: High
completely routed
Clock Activity: High
IUser specified mare than 95% of docks
1/0 Activity:

More than 25% of inputs are missing user
spedification

Internal Activity: -
Lser specified less than 25%: of internal nodes

P Characterization Data: High

og | |5 Reports | [ Design Runs Device models are Production

Figure 34: Confidence Level for Vectorless Power Analysis (power_1)

8. In the Summary view of the power_2 report (the report generated by the analysis for which
you specified a SAIF file as input), click on the Confidence level (High in Figure 34).

Notice that the Confidence Level has increased to High, since for the I/O Activity more
than 95% of inputs are user specified and for Internal Activity more than 25% of internal
nodes are user specified.
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Step 3: Running Report Power with Vivado Simulator SAIF Data
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Figure 35: Confidence Level for Power Analysis with SAIF Input (power_2)
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Lab 3: ModelSim Timing Simulation and
Power Analysis

Introduction

In this lab, you will learn about generating a SAIF file after running a timing level simulation
using a ModelSim simulator. The lab will take you through the steps for SAIF file creation,
running timing simulation, and estimating power using the SAIF data.

ﬁ IMPORTANT: Ensure that the Vivado Design Suite knows where to pick up the
ModelSim tool.

You can either: Manually set the path to ModelSim/QuestaSim using the $PATH
environment variable

OR

From the Tools > Options > General dialog box, define the path to the simulator in the
Vivado IDE under 3™ Party Tools section ‘QuestaSim/modelSim install path:"

Step 1: Set Up to Run Timing Simulation in ModelSim

Now you are ready to set up and launch the Vivado simulator to run post-implementation
timing simulation. You will set the timing simulation properties in the Vivado IDE, and run the
timing simulation.

1. In the Flow Navigator, select Implemented Design.

2. In the Flow Navigator, click Simulation Settings to set the timing simulation properties.
3. In the Project Settings dialog box, set the Target simulator to QuestaSim/ModelSim.
4

Click Yes to Ok to change your target simulator to ‘QuestaSim/ModelSim’?
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P

é‘:'-'_:. Project Settings
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General
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Simulation

Synthesis

>

Implementation
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&

Laleled]
Bitstream

=
=

1=
=l

Simulation

Target simulator:

Simulation set:

QuestasimModelSim

= sim_1

Simulation top module name: | testhench

Clean up simulation files

Compilation

Simulation | Metlist | Advanced

F

al‘:'-'_:. Target Simulator

K to change your target simulator to 'QuestaSimModelSim'?

=

Yes | [ Mo
Enable fast simulation models |l
Mare Compilation Options
Select an option above to see a description of it
(04 ] [ Cancel Apply ]

Figure 36: Simulation Settings — Changing the Target Simulator

5. Ensure that the Compiled library location points to a valid location for the compiled Xilinx

simulation libraries.

To determine this location, type compile_simlib in the Vivado IDE Tcl Console, to
compile simulation libraries for ModelSim and QuestaSim simulators in a directory with
read/write permissions. Note the path to this directory and enter it in the Compiled library
location field. It should point to the compxlib directory.
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Figure 37: Simulation Settings — Entering the Compiled Library Location

Power Analysis and Optimization

In the Simulation tab, specify the Design Under Test Instance as testbench/UUT.
Set the SAIF Filename to power_tutorial_timing_modelsim.saif

Note that the Simulation Run Time is 1000ns.
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Simulation |
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9. Click OK.

Figure 38: Simulation

Settings — Simulation Tab

With the simulation settings properly configured, you can launch the ModelSim simulator to
perform a timing simulation of the design.

10. In the Flow Navigator, click Run Simulation >Run Post-Implementation Timing

Simulation.

Power Analysis and Optimization
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Figure 39: Running Post-Implementation Timing Simulation

A separate QuestaSim/ModelSim GUI opens and starts simulating the design.

11. After the Modelsim simulator has finished simulating the design, ensure that the SAIF file
requested has been generated. Check to see that the SAIF file requested in the simulation
settings prior to running simulation appears in this directory:

/<project_directory>/<project_name>/<project_name>_sim/
sim_1/impl/timing/power_tutorial_timing_modelsim.saif
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Figure 40: Running Post-Implementation Timing Simulation on ModelSim

Step 2: Running Report Power in Vectorless Mode

If SAIF based report_power has already been run in this session, please close the Implemented
design and reopen it. This will clear the SAIF data in the power engine from the earlier runs.

1. In the Flow Navigator, select Implemented Design > Report Power to open the Report
Power dialog box.

Alternatively, select Tools > Report > Report Power in the main menu bar.
2. Verify that all the input settings are correct and click OK.

The Report Power command creates a Power Report under the power_1 tab in the results
windows area. Note the total power (0.332W in the figure below).
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Figure 41: Power Report — Vectorless Mode Run

Step 3: Running Report Power with ModelSim SAIF Data

The SAIF output file requested in the simulation run has been generated under the project

directory. We use this SAIF file — a “Switching Activity Interchange Format” file — to further guide

the power estimation algorithm.

1. In the main menu bar, select Tools > Report > Report Power.

2. In the Report Power dialog box, specify the SAIF file location in the Input Files tab.

The SAIF file, which was requested in the simulation settings prior to running simulation,

should appear here:

/<project_directory>/<project _name>/<project name>.sim/
sim_1/impl/timing/power_tutorial_timing _modelsim.saif
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Figure 42: Report Power Dialog Box — Specifying SAIF File

3. Click OK in the Report Power dialog box.

The Report Power command runs, and the Power Report power_2 is generated in the Power
tab of the results windows area.
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Figure 43: Power Report — With SAIF File Data

4. Go to the Signals > Data view in the Power Report and scroll to the right. Note that all the
Signal Rate data has been set from simulation SAIF data you provided.

The data is color coded to indicate activity rates read from the Simulation output file.
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Figure 44: Signals > Data View with SAIF File Data

Note the change in total power (Total On-Chip Power in the Summary view) in the

power_2 report compared to the power_1 report. The total power estimated in the report
generated with SAIF file data will be different than the total power estimated in the
vectorless run (power_1 results).
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Lab 4: Power Optimization in Vivado

Introduction

In this lab, you will learn about using the Power Optimization features in Vivado. The lab will
take you through the steps for invoking Power Optimization after synthesizing the design. It will
also guide on using the power optimization report, making decisions and selectively turning off
power optimization on signals, blocks, and hierarchies.

O TIP: When you run Implementation on your design, the Vivado tools may perform some power
optimizations by default during opt_design. These optimizations will not affect performance, and will
have little impact on area and runtime.

Step 1: Run report_power_opt to Examine User/Design
Specific Power Optimizations

1. In the Flow Navigator, select Implemented Design.

2. In the main menu bar, select Tools > Report > Report Power Optimization.

File Edit Flow | Tools | Window Layout View Help

ol | Floorplanning Y1 @ @ 8 | 2 (5 | S pefault Layout
/O Planni ]
Flow Navigator - anning fk325tffg900-2 (active)
Timing 3
QH .. L
*Hl Schernatic F4
4 Project Manag Ctrl+T
{5 Projects| & Show Hierarchy Fé
Gl Addsoul  Report ' || ® Report DRC...
1F 1P Catalg PackageIP... fH  Report Moise...
4 P integrator Run Tel Script... % Report Utilization...
% Create B Custom Commands v | & Report Power...
¥ Open Blo G  Project Settings... % Report Power Optimization... [
Generatd B Options... W Report Clock Metworks... %
i Report IP Status...
4 Simulation Timing 9
#% simulation Settinns
Figure 45: Generating a Power Optimization Report
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Step 1: Run report_power_opt to Examine User/Design Specific Power Optimizations

3. The Report Power Optimizaion dialog box appears, as shown below.

i

-

gl‘.:-'_p Report Power Optimization

=

.:01 Report pawer optimization.

Results name: power_opt_1

[] Export to file:

Output file format: (&) TT XML

Open in & new tab

POk g I Cancel

Figure 46: Report Power Optimization Dialog Box

4. Type in power_opt_1 for the Results name,.
5. Ensure that the Open in a new tab option is checked.
6. Click OK.

Alternatively, in the Tcl Console execute this Tcl command:

report_power_opt —name power_opt_ 1

7. Observe the report power_optl is generated in the Power Opt tab of the results windows

area.

When the report opens, the Summary view is displayed in the report.

Power Opt - power_opt_1

N B pig

(Sl —] » 4 Summary
++[21 General Information " | Bements TOTAL  GATED % GATED
2 X Mumber of BRAMs 23 23 100,000
;51 Recommendations Number of SRLS 337 336 99.703
E-& Hirarchical Information Number of Slice Registers 877 508 57.925
T BRAMs BRAM write mode changes 45 23 50.000
2| User Gated BRAMs
2| Tool Gated BRAMs
21 BRAM WRITE_MODE Optimizations
= Rls
21 User Gated 5RLs
2 Tool Gated SRLs
= 5 Slice Registers
/2 User Gated Slice Registers
2 Tool Gated Slice Registers
|5 power_opt_1 X
= Td Console | O Messages | [& Log | (2 Reports | % Design Runs-, 5§ Power Opt | =0 Power

Figure 47: Power Optimization Report — Summary View
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8. In the power optimization report, select Tool Gated BRAMs. Note that the tool has gated
the BRAMs.

Also select BRAM_WRITE_MODE Optimization and note that the tool has made
power-efficient BRAM WRITE_MODE optimizations by default.

Power Opt - power_opt_1
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Figure 48: Tool Gated BRAMs

9. Note that there are no Tool Gated SRLs or Tool Gated Slice Registers.

Step 2: Set Up Options to Run Power Optimization

1. In the Flow Navigator, click Implementation Settings.
2. In the Project Settings dialog box, check the is_enabled checkbox under Power Opt Design.

This ensures Power Optimization runs after opt_design. Enabling the power_opt_design
option prior to place_design results in a complete power optimization to be performed. This
option yields the best possible power saving from Vivado.
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-

ﬂ_, Project Settings @

Implementation
m Constraints
General
@ Default constraint set; | tm constrs_1 (active) - |
Simulation Incremental Compile
% Use checkpoint: | |E]
Synthesis Options
I) Use checkpoint: | |E]
Implementation
= Strategy: |3 Vivado Implementation Defaults (Vivado Implementation 2013) -« | By
o [
g Description: Vivado Implementation Defaults
Bltstream T CouveE lUEImJJL J
—_ -~
_ More Options
i‘g =l Power Opt Design (power_opt_design) (4
-
td.pre
td.post
More Oplions -
is_enabled
Optionally run this step as part of the flow, This step optimizes design to maximize power
saving.
ok J[ concel J[ mpaly |
Figure 49: Implementation Settings
3. Click OK.

4. 1In the Create New Run dialog box, click Yes to “Properties for the completed run ‘impl_1’
have been modified. Do you want to preserve the state of ‘impl_1" and apply these changes
to a new run?”.
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- 'y

Create Mew Run

[ Don't show this dialog again

Yes ] I Mo I I Cancel

Figure 50: Create New Run Dialog Box

5. in the Create Run dialog box, set the Run Name to impl_2.
6. Click OK.
7. In the Flow Navigator, select Run Implementation.
You are running Implementation with Power Optimization turned on.

8. In the Implementation Completed dialog box, select Open Implemented Design and click
OK.

Step 3: Run report_power_opt to Examine Tool
Optimizations

1. Inthe main menu bar, select Tools > Report > Report Power Optimization.

2. in the Report Power Optimization dialog box, enter the Results name power_opt_2.
Alternatively, in the Tcl Console execute this Tcl command:
report_power_opt —name power_opt_ 2

3. In the generated report in the Power Opt window, note that there are no Tool Gated SRLs
but the tool has gated Slice Registers.

Power Opt - power_opt_2 _ O x
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21 Tool Gated ERAMS ) B g_single_rate.i_single_ratefa_s_data_chan_ffo.i_s_data_chan_fifo/ffo_wr_data_1 reg[5 cE UZU0ji_synthn_0_fifo_wr_enable_1_reg_i 1
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3 (il o_single_rate.i_single ratefo s data_chan_fifo.i s dsts_chan_fifo/ffo_wr_data 1 reg[13] (- o U2/U0i_synthjn_0_fifo_wr_enable_1_req i_1
[ g_single_rate.i_single_ratefa_s_data_chan_fifo.i_s_data_chan_fifo/ffo_wr_data_i_reg[13] (- e U2/U0_synth/n_0_fifo_wr_enable_t_reg_i_1 2
il g_single_rate.i_single_rate/g_s_data_chan_fifo.i_s_data_chan_fifo/fifo_wr_data_1_reg[14] (7 cE U2/U0ji_synth/n_0_fifo_ar_enable_1_reg_i_1 =

% power_opt_2 X

Figure 51: Tool Gated Slice Registers
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Step 4: Turn Off Optimizations on Specific Signals and
Rerun Implementation

In this step you will turn off the power optimization on specific Slice Registers.

ﬁ IMPORTANT: Power optimization works to minimize the impact on timing while
maximizing power savings. However, in certain cases, if timing degrades after
power optimization, you can identify and apply power optimizations only on non-
timing critical clock domains or modules using the set_power_opt XDC command.

This step will ensure that the tool does not gate this Slice Register:

U2/U0/i_synth/g_single _rate.i_single_rate/
g_s_data_chan_fTifo.i_s data_chan_fifo/fifo_wr_data_1 reg[O]

1. Inthe Tcl Console, type this command:
set_power_opt -exclude_cells [get_cells U2/U0/i_synth/
g_single_rate.i_single rate/g s data chan_fifo.i_s data chan_ fifo/
fifo_wr_data_1 reg[O0] ]
This will prevent the tool from gating this Slice Register.

2. From the Flow Navigator choose Run Implementation

3. Click Save in the Save Project dialog box before launching implementation.

4. In the Implementation Completed dialog box, select Open Implemented Design and click
OK.

Step 5: Run report_power_opt to Examine Tool
Optimizations Again

1. Inthe main menu bar, select Tools > Report > Report Power Optimization.
2. In the Report Power Optimization dialog box, type in the Results name as power_opt_3.
Alternatively, execute this Tcl command in the Tcl Console:
report_power_opt —name power_opt_3

3. Inthe generated report power_opt_3 in the Power Opt window, display Tool Gated Slice
Registers.
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Figure 52: Displaying Tool Gated Slice Registers

4. Note that this slice register is no longer in the list of Tool Gated Slice Registers:

U2/U0/i1_synth/g_single_rate.i_single_rate/g_s data_chan_fifo.i_s dat
a_chan_fifo/fifo_wr_data 1 reg[O]

Conclusion

In this tutorial, you accomplished the following:

e Used the Report Power dialog box to verify and set device, thermal, and environmental
conditions that contribute to power estimation.

e Synthesized the design and estimated the power after synthesis.

e Set switching activities on an I/O port and reran Report Power.

e Ran behavioral simulation using the Vivado Simulator and generated a SAIF file that is input
to Report Power for a more accurate power analysis.

e Implemented the design, ran post-implementation timing simulation using the Vivado
Simulator, and generated a SAIF file that is input to report power for a more accurate power
analysis.

e Ran Modelsim post-implementation timing simulation and generated a SAIF file that is input
to report power for a more accurate power analysis.

e Learned how to invoke power optimization as part of an implementation run.

e Examined the power optimization report and selectively turned off power optimizations on a
cell in the design
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