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Tutorial Overview

Introduction

This tutorial uses the Vivado® design rules checker (report_drc), clock domain crossing
checker (report_cdc), and quality of results enhancer (report_qor_suggestions)to
analyze example designs for issues, and shows you how to take corrective actions.

Tutorial Description

Lab 1 walks you through creating waivers for CDC, methodology, and DRC violations.
Lab 2 is a guide to using the report_qor_suggestions (RQS) command.

Note: The designs used in this tutorial are intended to exhibit issues for demonstration purposes, and
should not be used as a reference for designs outside this tutorial.

Software Requirements

This tutorial requires that the 2020.1 Vivado® Design Suite software release or later is installed.

For a complete list of system and software requirements, see the Vivado Design Suite User Guide:
Release Notes, Installation, and Licensing (UG973).

Locating Tutorial Design Files

1. Download the reference design files from the Xilinx® website.
2. Extract the ZIP file contents into any write-accessible location.

This tutorial refers to the location of the extracted ZIP file contents as <Extract_Dir>.

UG938 (v2020.2) February 4, 2021 www.xilinx.com
. ; : Send Feedback
Design Analysis and Closure Techniques 5


https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;t=vivado+install+guide
https://www.xilinx.com/cgi-bin/docs/ctdoc?cid=dba3d8c8-17f0-469d-a162-727c61110844;d=ug938-vivado-design-analysis-closure-tutorial.zip
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2020.2&docPage=5

iv Xl Ll NX Lab 1: Setting Waivers with the Vivado IDE
A .

Lab 1

Setting Waivers with the Vivado IDE

Introduction

In the Vivado® Design Suite, you can use the waiver mechanism to waive clock domain crossing
(CDC), design rule check (DRC), or methodology check violations. After a violation is waived, it is
no longer reported by the report_cdc, report_drec,0r report_methodology commands.
Waived checks are also filtered out from the mandatory DRCs run at the start of the
implementation commands, such as opt _design, place_design,and route_design. For
more information, see this link in the Vivado Design Suite User Guide: Design Analysis and Closure
Techniques (UG906).

ﬁ IMPORTANT! The content of the waiver is built with the objects that exist when the waiver is created.
However, if an instance referenced inside a waiver is replicated by Vivado®, the replicated instance is
automatically added to the waiver and saved in subsequent checkpoints and XDC.

This lab shows how to set waivers with the Vivado integrated design environment (IDE) using
both menu commands and the Tcl Console. The lab focuses on CDC waivers, but the methods for
waiving DRC and methodology violations are similar.

Step 1: Starting the Vivado IDE

This lab uses a Vivado design checkpoint (. dcp file), which is a snapshot of a design. When you
launch the Vivado IDE using a design checkpoint, a subset of the Vivado IDE functionality is
available.

TIP: To launch the Vivado Tcl Shell on Windows, select Start = All Programs — Xilinx Design Tools =
Vivado <version>— Vivado <version> Tcl Shell.

1. From the command line or the Vivado Tcl Shell, change to the directory where the lab
materials are stored:

cd <Extract_Dir>/src/Labl
2. To start the Vivado IDE with the design checkpoint loaded, enter the following:

vivado my_ip_example_design_placed.dcp
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O TIP: You can disregard the critical warnings about the unbounded GT locations.

Step 2: Generating the CDC Report

In this step, you generate the CDC report to view the associated CDC violations.

1. Select Reports— Timing — Report CDC.
2. Inthe Report CDC dialog box, leave the default settings as-is, and click OK.

¢ ReportCDC X

Report clock domain crossing (CDC) paths between clocks,
even if set_false_path or set_clock_groups constraints have '
been applied.

Results name: |cdc_1| |

Clocks

Erom:

HH

To:

Report

) Reportfrom cells

Waivers
(®) Apply waivers
[_) Report only waived paths
() Ignore all waivers
File Output

) Exportto file:

Options
[) Buspend message limits during command execution

[ lgnore command errors (quiet mode)

Command: report_cdc-name cdc_1

[+ Open in a newtap

() Open in Timing Analysis layout

/,;\

The Summary (by clock pair) section of the CDC Report appears as follows.
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Tcl Console Messages Timing x 2 _00
aQ X = C 4 Q  summary (by clock pair) -3
13
General Information “~  Sewerity ™! Source Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown NoASYNC_REG
Summary (by clock pair)| Critical my_ip_glblclk my_ip_axi_aclk Mo Commen Primary Clock  False Path 2 1 1

Summary (by typ: Critical my_ip_axi_aclk  my_ip_drpclk No Common Primary Clock  False Path 2 2
Summary (b ndpoints: Critical my_ip_axi_aclk  my_ip_alblclk No Common Primary Clock  False Path 942 12 351 579 185
~ CDC Details (92 @ Info my_ip_drpclk my_ip_axi_aclk No Common Primary Clock  False Path 1 1
my_ip_drpclkto my_ip_axi_aclk (1) O Info input port clock ~ my_ip_drpclk Mo Commaon Primary Clack ~ False Path 2 2
my_ip_glblclkto my_ip_axi_aclk (2 O Info my_ip_glblclk my_ip_drpclk No Commaon Primary Clock  False Path 6 6
input part clock to my_ip_drpelk (2) O Info my_ip_drpclk my_ip_glblclk Mo Commaon Primary Clack  False Path 2 2

my_ip_axi_aclk to my_ip_drpclk (2 ~

Report CDC - cdc_1 (928 violations)

The Summary (by CDC type) section appears as follows.

Tcl Console Messages Timing b4

o = & C : Q.  Summary (by type)
General Information S Seyerity ™1 D Count Description
summary (b pair) Critical ~ CDC-1 536  1-bitunknown CDC circuitry
Critical ~ CDC-4 4 Multi-bit unknown CDC circuitry
summary (b ed endpoints) Critical  CDC-10 187 Combinational logic detected before a synchronizer
~ CDC Details (928) Critical chc-11 2 Fan-outfrom launch flop to destination clock
my_ip_drpclkto my_ip_axi_aclk (1) Critical coc-13 170 4-bit CDC path on a non-FD primitive
my_ip_glblelkto my_ip_axi_aclk (2) Critical  CDC-14 5 Multi-bit CDC path on a non-FD primitive
input port clock to my_ip_drpclk (2) Waming = CDC-15 10 Clock enable controlled CDC structure detected
my_ip_axi_aclkto my_lp_drpelk (2) 0 Info coca 9 1-bit synchronized with ASYNC_REG property

my_Ip_gibictito my_ip_drpeik (6) 0 Info CDC-9 5 Asynchronous reset synchronized with ASYNC_REG property

my_ip_axi_aclkto my_ip_glblclk (913)

Report CDC - cdc_1 (928 violations)

Step 3: Waiving a Single CDC Violation

The my_ip_glblclktomy_ip_axi_aclk clock pair includes one Critical CDC-10 violation
due to combinational logic on the CDC path. This step covers how to waive the CDC-10

Td Console | Messages | Timing X - =

Q = & C Q my_ip_giblelk to my_ip_axi_aclk | © Critical warning (1) 7 © Warning (2) 7O Info (1) Hida Al
General Information Severity ~! ID Description Depth  Exception  Source (From) Destination (To) Category
Summary (by clock pair) Critical CDC-10  Combinatorial logic detected before a synchronizer S False Path  i_my_ip_suppor...ysref_r_reg/C  i_my_ip_suppor...s_ff_reg[0]/D  Unsafe
Summary (by 1yo o Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor...ot_sync_reg/C  i_my_ip_suppo...s_ff_reg[D]/D  Safe

~ CDC Details ¢

1. To view a schematic of the violation, select the CDC-10 row in the CDC Report, and click the
Schematic toolbar button " .

Note: Alternatively, you can press F4 to generate the schematic. However, using the toolbar button
provides a more detailed schematic that includes all the levels of the downstream synchronizer.
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i_my_ip_support_binck

@
sync_be_sysref_captured

Lmy_ip
syncstages_ff_re

Ty_ip_jesdZ03_v7_1 2 tx

Ty Jp Jesd 204 v7_121% 32

my_ip_jesd204_v7_1_2_top

my_Ip_support

2. To waive the violation, select the CDC-10 row in the CDC Report, right-click, and select
Create Waiver.

3. In the Create Waiver dialog box, enter a description, and click OK.

¢ Create Waiver

Create waiver for 1 cdc path '

User: Hilinx

Descripion: |This is a safe COC per review with the team |

Tags:

Tcl Command Preview

Q

create_waiver -type CDC -id CDC-10 -from [get_pins i_my_ip_support_blockjesd204_ifinsti_my_ip/i_tdi_t_counters

>

(2)
\ 7 OK Cancel

IMPORTANT! A waiver tracks the date the waiver was added, the user that added the waiver, and a
description of why the violation was waived. The date is automatically added by the system. The Tags
field is an optional description or list of keywords that can be used for documentation purposes.

4. After the waiver is created, check the CDC Report.
To indicate that a waiver was created, the CDC-10 row is gray and disabled.

Note: Rows are only disabled in the Report CDC result window from which the waivers were created.
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5.

TclConsole | Messages  Timing  x ?2-00

@ Reportis out of date because path waivers were changed. Rerun

Q T & C 140 *H @‘ my_ip_glblclk to my_ip_axi_aclk ) @ criticalwaming (1) &) @ Waming(0) 7 @ Info (1) Hide All -1
»

General Information ~ Severity ! ID Description Depth  Exception  Source (From) Destination (To) Category
Summary (by clock pair) Critica CDC Combin a 5 Fa - q

Summary (by typs @ Info CDC-3 1-bit synchronized with ASYNC_REG property 5 FalsePath i_my_ip_suppor._ot_sync_reg/C  i_my_ip_suppor.es_fi_reg[0}D Safe

Summary (b ndpoints;

~ CDC Defails (228
my_ip_drpelk to my_ip_axi_aclk (1
my_ip_glblclk to my_ip_axi_aclk (2)
input port clock ta my_ip_drpelk (2

To see the impact of the CDC-10 waiver, select Reports = Timing = Report CDC to rerun
Report CDC.

Note: When a waiver is created or deleted, you must rerun Report CDC, Report DRC, or Report
Methodology to see the updated results.

See the CDC Report to view the updated information.

The differences from the previous Summary by clock pair and Summary by type sections are
highlighted in red in the following figures.

Tcl Console Messages  Timing X ?2_00
Q X = C 4 O summary (by clock pair} o
3
General Information “ Severity 1 Source Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown NoASYNC_REG
Summary (by clock pair) Critical my_ip_axi_aclk  my_ip_drpclk Mo Common Primary Clock  False Path 2 2
Summary (by fype Critical my_ip_axi_aclk  my_ip_glblelk Mo Common Primary Clock  False Path 942 12 351 579 185
Summary (b ndpoints) @ Info my_ip_drpclic my_ip_axi_aclk No Common Primary Clock  False Path 1 1
~ CDC Details (923 I @ Info my_ip_glblclk my_ip_axi_aclk Mo Commaon Primary Clock  False Path 2 2 I
my_ip_drpelicto my_ip_axi_aclk (1) O Info input portclock  my_ip_drpelic No Common Primary Clock ~ False Path 2 2
my_ip_glblelk to my_ip_axi_aclk (2) @ Info my_ip_glblclk my_ip_drpelk Mo Common Primary Clock  False Path 6 6
input port clock to my_ip_drpelk (2) @ Info my_ip_drpclk my_ip_glblclk Mo Common Primary Clock  False Path 4 2
my_ip_axi_aclk to my_ip_drpclk (2
______ my . alolelicto my o Aol (Gl ..
Report COC - cdc_1 (928 violations)  *  Report CDC - cdc_2 (928 violations)
TclConsole  Messages  Timing  x
Q = & C : O, Summary (by type)
General Information “ SBeverity ™' ID Count  Description
Summary (Dy clock pair) Critical cDcA 536 1-bitunknown CDC circuitry
Summary (by type) Critical CcDC-4 4 Multi-bit unknown CDC circuitry
Summary (oy walved endpoints) | © critical CDC-10 186 Combinational logic detected befare a synchronizer |
~ CDC Details (9258) Critical coc-11 2 Fan-outfrom launch flop to destination clock
my_ip_drpclkto my_ip_axi_aclk (1) Criical ~ CDC-13 170 1-bit CDC path on a non-FD primitive
my_ip_glblelk to my_ip_axi_aclk (2) Critical  CDC-14 5 Multi-bit CDC path on a non-FD primitive
input port clock to my_lp_drpolk (2) Wamning ~ CDC-15 10 Clock enable controlled CDC structure detected
my_ip_ax_aclkto my_ip_drpelk (=) | @ info cDC-3 10 1-bit synchronized with ASYNC_REG property |
) . .
my_Ip_glblclicto my_tp_drpelk (&) 0 o CDGC-9 § Asynchronous reset synchronized with ASYNC_REG property
my_ip_axi_aclk to my_ip_aglblclk (913) !
Report CDC -cdc_1 (928 violations)  *  Report CDC - cdc_2 (928 violations) =

You can also view a summary with the list of waived endpoints.
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Tcl Console Messages Timing »

= = C 4 O  Ssummary (by waived endpoints)
3

General Information “~ D Waived Endpoints

Summary (by clock pair) CDC-10 1

Summary (by type)

ISummar}r (by waived endpoints)l
~ COC Details (928)

my_ip_drpclk to my_ip_axi_aclk (1)

my_ip_glblclk to my_ip_axi_aclk (2)
input port clock to my_ip_drpclk (2)
my_ip_axi_aclk to my_ip_drpclk (2}
my_ip_glblclk to my_ip_drpclk (G)

my_ip_axi_aclk to my_ip_qglblclk (913)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x

The detailed section for the my_ip_glblclktomy_ip_axi_aclk CDC shows that the
Critical CDC-10 was replaced with an Info CDC-3.

TclConsole | Messages | Timing  x 2 _00
Q T &£ C 10 ™ @A my_ip_glblclk to my_ip_axi_aclk ) @ critical waming (0) [+ @ Waming (0) &)@ Info (2) L]
General Information "b Severity 1 ID Description Depth  Exception  Source (From) Destination (To) Category

Summary (by clock pair @ Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath i my_ip_suppor..ot_sync_reg/C  i_my_ip_suppor._es_fi_regl0yD  Safe
summary (oy typ |0 Info CDC-3  1-bit synchronized with ASYNC_REG property 5 FalsePath | i_my_ip_support..sysref_r_reg/C ‘ i_my_ip_support..es_fl_regl0yD  Safe |
Summary (5
* CDC Details (92:

my_ip_drpclk to my_ip_axi_aclk (1)

my_ip_glblclk to my_ip_axi_aclk (2)

input port clack to my_ip_drpelk (2

my_ip_axi_aclk to my_ip_drpclk (2

my_ip_glblclk to my_ip_drpelk (6}

my_ip_axi_aclk to my_ip_glblclk (913} N

Report CDC - cde_1 (928 violations)  »  Report CDC - cdc_2 (928 violations)

Select the new CDC-3 row, and click the Schematic toolbar button . Double-click the Q
pin of the output register to expand the schematic to match what is shown in the following
figure.

The CDC path includes a 5-level synchronizer on the output of the selected destination
register. This is the reason the CDC-10 was replaced with CDC-3 for this topology, as shown
in the following figure.

Device X% Schematic x Schematic(2) X 00

- e X E O = C  23cCels 21/0Pons 34 Nets

Jjesd204_i l"_ Synchronizer with ASYNC_REG
inst

sync_tx_sysref_captured
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ﬁ IMPORTANT! By default, Report CDC only reports a single violation per endpoint and per clock pair.

When multiple violations apply to the same endpoint, only the violation with the highest precedence is
reported. Because CDC-10 has a higher precedence than CDC-3, only CDC-10 is reported when both
CDC-10 and CDC-3 apply to the same endpoint. For more information on CDC rules precedence, see
this link in the Vivado Design Suite User Guide: Design Analysis and Closure Techniques (UG906,).

O TIP: To report all of the CDC violations for each endpoint regardless of the precedence rules, use the
command line option -a11_checks_per_endpoint. However, unsdfe rules are not reported on a
register if at least one safe rule on the same register is detected.

Step 4: Generating a Report for Waived
Violations

You can generate a report for the CDC, DRC, or methodology check violations that were waived.
This step shows how to generate a report for waived CDC violations using the Tcl Console as
well as the Vivado IDE menu commands.

Generating a Text Report for Waived Violations

1. In the Tcl Console, enter:
report_cdc -waived

2. Inthe CDC report, verify that a single CDC-10 violation is listed, because only one waiver
was created.

CIC Report
In Sewerity Count Description

CIC-10 Critical 1 Combinational logic detected before a sunchronizer

1o Waived Endpoints

Source Clock: my_ip_glblelk
Testination Clock: mu_ip_axi_aclk
CIC Type: Mo Common Primary Clock

Row [T Sewerity Description Depth & Destination (Ta)

1 CDC-10 Critical Combinational logic detected before a synchronizer 5 Fa ~reg/l i_my_ip_support_block/jesd20d4_i/instdsync_tx_sysref_captured/syncstages_£f_regl0]/D

Generating a Vivado IDE CDC Report for Waived
Violations

1. Select Reports = Timing — Report CDC.
2. Inthe Report CDC dialog box, enable Report only waived paths, and click OK.

3. Inthe CDC Report, check the Summary (by clock pair) and CDC Details to verify that a single
CDC-10 violation is listed.
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Note: The icon next to the violation shows that the violation was waived #.

Tcl Console Timing ? oo
aQlzx| 2 ¢ 4 Q  summary (by clock pair) b
3
General Infarmation Severity “1 sgource Clock Destination Clock  CDC Type Exceptions Endpoints Safe Unsafe Unknown No ASYNC_REG
Summary (by clock pair) Critical my_ip_glblclk  my_ip_axi_aclk No Common Primary Clock  False Path 1 1
Summary (b
Summary (o

~ CDC Details (1
my_ip_glblclk to my_ip_axi_aclk (1

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x| Report CDC -cdc_3 (1 waived)

Timing > _oo

4 Q &, my_ip_glblcik to my_ip_axi_aclk ¥ © critcalwaming (1) & @ wamning (0) [+ @ Info (0) Hide All o
>

General Information Severity ' ID Description Depth  Exceplion  Seurce (From) Destination (Ta) Category
Summary
Summary

@ Critical CDC-10  Combinational logic detected before a synchronizer 5 FalsePath i_my_ip_support.sysref_r_reg/C i my_ip_support.es_fl_reglJD  Unsafe

Summary (o
~ CDC Details (1
my_ip_glblclk to my_ip_axi_aclk (1)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (328 violations) x| ReportCDC - cdc_3 (1 waived)  x

Step 5: Generating a Text Report with Details
for Waived Violations

In this step, you generate text reports with additional details, including a list of all of the rules and
all of the violations regardless of the waivers.

Generating a List of Rules with Waived Violations

1. In the Tcl Console, enter:

report_cdc -details -show_waiver

2. Verify thatthemy_ip_glblclktomy_ip_axi_aclk CDC-10 violation is waived and the
two CDC-3 violations are not waived.

Note: In the text report, all of the rules are reported, whether they were waived or not. The Waived
column indicates the status of the rule.

CIC Report

i) Severity Count Description

COC-1 Critical B3 1-bit unknown CIC circuitry

CIC3  Info 10 1-bit sunchronized with ASYNC_REG property

CIC-4  Critical 4 Hulti-bit unknoun CIC clrcuitry

L5 Info 5 fisynchronous reset sunchronized uith ASYNC_REG property
CIC-10 Critical 185 Combinatorial Logic detected before a sunchronizer
CIC-11 Critical 2 Fanout fron Launch flop to destination clock

CIC43 Critical 170 1-bit CIC path on  nonFD prinitive

CIC-14 Critical 5 Multi-bit CIC path on 2 nonFD prinitive

CIC-15 larning 10 Clock enable controlled CIC structure detected

il Waived

CIC-10 1

Source Clocks my_ip_glblolk
Testination Clock: my_ip_axi_aclk
LCIC Tupe: Mo Comnon Primary Clock

Row D Severity Description Tepth Ewxception Source (From) Testination (Ta) Waived
1 COC-3  Info 1-bit synchronized with ASYNC_REG property 5 False Path i_my_ip_support_bl 5_32/got_sunc_regdC 1_my_ip_support_black/ jesd204_i/inst/sync_tx_sunc/suncstages_FF_rea[01/1 il
2 063 Info 1-bit synchronized with ASYNC_REG property 5 False Path i_my_ip_support.d _32/g0t_sysref_r_rea/C 1_ny_ip_support_blocksjesd20d_i/inst/sunc_tx_sysref_captured/suncstages_¢F_reg[0]/0| N
3 CDC-10 Critical Corbinatorial legic detected before a synchronizer 5 False Path i_my_ip_support b. s 32/got_susref_r_res/C i_my_ip_support_block/jesd204_i/inst/sunc_tx_susref_captured/suncstages_ff_rea[0]/D| 7
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Generating a List of All Violations Regardless of the
Waivers

1. Inthe Tcl Console, enter:
report_cdc -no_waiver

2. Inthe text report, verify that the table matches the original report from Report CDC before
the CDC-10 waiver was created.

CIC Report

Severity Source Clock Destination Clock CIC Type Exceptions Endpoints Safe Unsafe Unknown Mo ASYMC_REG
Critical my_ip_glblelk my_ip_axi_aclk Mo Common Primary Clock False Path 2 1 1 i} ]
Critical my_ip_axi_aclk my_ip_drpclk Mo Common Primary Clock False Path 2 i} 2 i} ]
Critical my_ip_axi_aclk my_ip_glblelk Mo Common Primary Clock False Path 942 12 01 o7a 130
Info my_ip_drpclk my_ip_axi_aclk Mo Common Primary Clock False Path 1 1 i} i} ]
Info input port clock my_ip_drpclk Mo Common Primary Clock False Path 2 2 i} i} ]
Info my_ip_glblelk my_ip_drpclk Mo Common Primary Clock False Path B B i} i} ]
Info my_ip_drpclk my_ip_glblelk Mo Common Primary Clock False Path 2 2 i} i} ]

TIP: You can also generate a list of all violations regardless of the waivers from the Vivado IDE. Select
Reports = Timing — Report CDC. In the Report CDC dialog box, enable Ignore all waivers, and click
OK.

Step 6: Waiving Multiple CDC Violations

The my_ip_axi_aclktomy_ip_drpclk CDC includes two Critical CDC-11 violations. This
step covers how to waive both CDC-11 violations simultaneously.

ciConsole | Messages |Timing X ?2_00
a I =2 C 10 my_ip_axi_aclk to my_ip_drpcik +) © criticalwamning (2) ) @ waming (0) ) @ Info (0) Hide All o
»

General Information ~  Severity ©7 1D Description Depth  Exception Source (From) Destination (To) Category
Summary (by clock pair Critical CDC-11  Fan-outfrom launch flop to destination clock 5 FalsePath  i_my_ip_suppor..etch_reg[10WC  i_my_ip_support._f_reg[0VCLR  Unsafe
Summary (b Critical ~ CDC-11  Fan-out from launch flap to destination clock 5 FalsePath  i_my_ip_suppor.etch_reg[10JC  i_my_ip_support._ff regl0JCLR  Unsafe
Summary (by waived endpoints

~ CDC Details (928

my_ip_drpclkto my_ip_axi_aclk (1
my_ip_glblelicto my_ip_axi_aclk (2
input port clock to my_ip_drpclk (2

imy_ip_axi_aclk to my_ip_drpclk (2)

v _in_ alhlclkto my in_ droelic 5 b
Report CDC - cdc_1 (928 violations »  Report CDC - cdc_2 (928 violations)

1. To waive the violations, select the CDC-11 rows in the CDC Report, right-click, and select
Create Waiver.
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4.

UG938 (v2020.2) February 4, 2021

TciConsole | Messages | Timing ?2_00
a I =2 C 1 Q X ©, myip_axi_aclktomy_ip_drpclk ) @ criicalwarning (2) &) © waming(0) ) @ Info (0) Hide All &
»
General Infarmation Severity ™1 ID Description Depth  Exception  Source (From) Destination (To}) Category
Summary (by clock pair Ciiical  CDC-11  Fan-outfrom launch flop to destination clock £ Felannom i e i aumnar ko canlANUC i e euenofl ff regYCLR  Unsale
Summary ( Critical ~ CDC-11  Fan-outfrom launch flap to destination clock g Path Properties ort_ff_reg0JCLR  Unsafe
Summary (by v ndpoints; Elide Setting >
“ CDC Details (924)
! % Highlight »
my_ip_drpclk to my_ip_axi_aclk (1)
my_ip_glblelk to my_ip_axi_aclk (2
@ Mark »

input port clock to my_ip_drpclk (2)
my_ip_axi_ackto my_ip_drpclk (2)
my_ip_glolclk to my_ip_drpclk (5) "4 Schematic
my_ip_axi_adlkto my_ip_glblclk (913

my_ip_drpclkto my_ip_glolclk (2)
v-tp_dro vie_gl Report Timing on Source to Destination

SetBus Skew >

| Create Waiver.

.............................................................................................................. Exportto Spreadsheet
Report CDC - cde_1 (928 violalions)  » Report CDC - cdc_2 (928 violations)  x

In the Create Waiver dialog box, enter a description, and click OK.

¢ Create Waiver x

Create waivers for 2 cdc paths

User: Xilinx
Descripion” |safe fanout. Circuitry has been reviewed |
Tags:

Tcl Command Preview

Q

create_waiver -type CDC -id CDC-11 from [get_pins {i_my_ip_support_blockijesd204_ifinsti_my_ip_reset block/stre
create_waiver -type CDC -id CDC-11 -from [get_pins {i_my_ip_suppor_blockijesd204_ifinsti_my_ip_reset_block/stre

< ’

./".',;".
\ 2 OK Cancel

In the Timing Report, the two selected rows are disabled when the waivers are created.

Note: One waiver is created for each selected row. In this example, two waivers are created.

severity ~1 D Description Depth  Exception  Source (From) Dastination (To) Catagory

Select Reports = Timing = Report CDC to rerun Report CDC. In the Report CDC dialog box,
make sure that Report only waived paths is unchecked, and click OK.

In the CDC Report, look at the my_ip_axi_aclktomy_ip_drpclk CDC.
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The two Critical CDC-11 violations were replaced with two Info CDC-9 violations. Based on
the CDC precedence rules, waiving CDC-11 unmasks CDC-9 for this circuit.

TclConsole  Messages | Timing  x 2 _0O00
Q £ & C 10 ©‘ my_ip_axi_aclk to my_ip_drpclk [+ @ criticalwaming (0) ] @ Waming(0) [ @ Info(2) -3
General Information ' Severity 1 ID Description Depth  Exception  Source (From) Destination (Ta) Category
Summary (by cloc! @ Info CDC-9  Asynchronous reset synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor...etch_reg[10JC i_my_ip_support.._ff_reg[0JCLR  Safe
Summary ( @ Info CDC-9  Asynchronous reset synchronized with ASYNC_REG property 5 FalsePath  i_my_ip_suppor..eich_regl10NC  i_my_ip_support.._f_reg[0VCLR  Safe
Summary ( ndpoints’
v CDC Details (92
my_ip_drpclk to my_ip_axi_aclk (1
my_ip_glblclk to my_ip_axi_aclk (2
input port clock to my_ip_drpclk (2
my_ip_axi_aclkto my_ip_drpclk (2)
my_ip_glblclk to my_ip_drpelk (6
my_ip_axi_aclkto my_ip_glblclk (913)
my_ip_drpclk to my_ip_glblclk (2
Report CDG - cde_1 (928 violations) x| Repori CDC - cdc_2 (928 violations) x| Report CDC - cdc_3 (928 violations)

5. To view a schematic of the violation, select the CDC-9 row in the CDC Report, and click the
Schematic toolbar button .

6. Verify that there is a 5-level synchronizer on the destination clock domain.

X

-
D

7. Compare the new Summary (by type) information with the information from the previous
CDC Report.

In the updated CDC Report, the two CDC-11 violations are no longer listed. Instead, there
are two new CDC-9 violations.

Tcl Console Messages Timing b4

Q = & C : Q. summary (by type)
General Infarmation Severity ™1 ID Count  Description
Summary (by clock pair) Critical CDCA 536  1-bit unknown CDC circuitry
Summary (by type) Critical CcDC-4 4 Multi-bit unknown CDC circuitry
Summary (by waived endpoints) Critical cDC-10 186 Combinational logic detected before a synchronizer
v CDC Details (928) Critical CcDC-12 170 1-bit CDC path on a non-FD primitive
my_ip_drpclk to my_ip_axi_aclk (1) Critical CDC-14 5 Multi-bit CDC path on a non-FD primitive
my_ip_glblclkto my_ip_axi_aclk (2) Warning  CDC-15 10 Clock enable confrolled COC structure detected
input part clock to my_ip_drpclk (2) O Info CDC-3 10 1-bit synchronized with ASYNC_REG property

my_ip_axi_aclkto my_ip_drpclk () I O Info CDC-a 7 Asynchronous reset synchronized with ASYNC_REG property I

my_ip_glblclk to my_ip_drpclk (6)
my_ip_axi_aclk to my_ip_glblclk (913)
my_ip_drpclk to my_ip_glblclk (2)

Report CDC - cdc_1 (928 violations) x| Report CDC - cdc_2 (928 violations) x| Report CDC - cdc_3 (928 violations) =

8. Look at the Summary (by waived endpoints) information.
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In the updated CDC Report, there are three waived endpoints. This number is different from
the number of waived violations (2), because CDC-11 is a multi-bit violation.

Tcl Console Messages Timing M

Q = s C 4 O Summary (by waived endpoints)
3
General Information IO Waived Endpoints
Summary (by clock pair CDC-10 1
Summary (by type CDC-11 5

Summary (by waived endpoints)
w~ CDC Details (928

9. Generate different text reports and compare the results with previous reports.
For example, you can run the following Tcl commands:

report_cdc -details

report_cdc -details -waived
report_cdc -details -show_waiver
report_cdc -details -no_waiver

The following report was generated using the report_cdc -details -waived Tcl command and
shows that three violations were waived.

CIC Report

1 Severitu Count Description

logic detested before
aunch flop to destin

Depth Exception  Source (From) Destination (To)
1 COC-10 Critical Combinatorial logic detected before a sunchronizer G False Path i_my_ip_supportl .rs_32/g0t_sysref_r_reg/C  i_my_ip_support_block/jesd204_i/ inst/sunc_tx_sysref_captured/suncstages_ff_reg[01/0
Saurce Clocks nu_ip_axi_sclk
Testination Clocks mu_ip_drpelk
Type: No Common Prinary Clock
Rou 1D Severity Dssoription Depth Exception  Source (From) Testination (Ta)

1 COC-1L Critical Fan-out from 1 5 False Path imu_ip support block/, rea[101/C i ms ip support block/i_jesd204 phu/inst/jesd204 phu block i/sunc_rx rese
2 COC-1L Critical Fan-out from 1 5 False Path i_ny_ip_support_block 2g[101/C i my_ip_support_block/i_jesdZ04_phyinst/jesd204_phy_black_i/sync_tx_rese

I

sync_rst_inst/arststages_ff_rea[0]/CLR

aunch flop to destination clock _asu
aunch Flop to destination clock lc_async_rst_inst/arststages_FF_reg[0J/CLR

Step 7: Exporting Waivers
In this step, you export waivers with the write_waivers Tcl command.

Note: The XDC output file can be imported using the read_xdc or source Tcl commands.

1. To export the CDC waivers, enter: write_waivers -type cdc waivers.xdc.

O TIP: Alternatively, because there are no DRC or methodology waivers, you can enter:

write_waivers waivers.xdcOl write_xdc -type waiver waivers.xdc.

2. Openthe waivers.xdc file to view the three waivers.
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Note: The following example is reformatted to better show the different command line options.

create_waiver -type CDC -id {CDC-10} -user "Xilinx" \

-desc "This is a safe CDC per review with the team" \

-from [get_pins i_my_ip_support_block/jesd204_i/inst/i_my_dip/i_tx/
i_tx_counters_32/got_sysref_r_reg/C] \

-to [get_pins {i_my_dip_support_block/jesd204_1i/inst/
sync_tx_sysref_captured/syncstages_ff_reg([0]/D}] \

-timestamp "<timestamp>" ;#1

create_waiver -type CDC -id {CDC-11} -user "Xilinx" \

-desc "Safe fanout. Circuitry has been released" \

-from [get_pins {i_my_dip_support_block/jesd204_1i/inst/
i_my_ip_reset_block/stretch_reg[10]/C}] \

-to [get_pins {i_my_dip_support_block/i_jesd204_phy/inst/
jesd204_phy_block_i/sync_rx_reset_data/xpm_cdc_async_rst_inst/
arststages_ff_regl[0]/CLR}] \

-timestamp "<timestamp>" ;#1

create_waiver -type CDC -id {CDC-11} -user "Xilinx" \

-desc "Safe fanout. Circuitry has been released" \

-from [get_pins {i_my_dip_support_block/jesd204_1i/inst/
i_my_ip_reset_block/stretch_reg[10]/C}] \

-to [get_pins {i_my_dip_support_block/i_jesd204_phy/inst/
jesd204_phy_block_i/sync_tx_reset_data/xpm_cdc_async_rst_inst/
arststages_ff_reg[0]/CLR}] \

-timestamp "<timestamp>" ;#2

Step 8: Using the create_waiver Command

Waivers added from the Report CDC dialog box are created using the create_waiver
command. You can view these commands as follows.

Note: You can use the create_waiver command line command for CDC, DRC, and methodology
waivers. The options differ slightly depending on whether you are creating a CDC, DRC, or methodology
waiver. For more information, including information on the different options, see the create_waiver
command in the Vivado Design Suite Tcl Command Reference Guide (UG835).

1.

Open the Vivado journal file (vivado . jou) to see the three distinct create_waiver
commands issued by the Vivado IDE.

Scroll through the history of the Tcl Console to see the same three create_waiver
commands.

O TIP: The - from and - to options are used to specify the startpoints and endpoints. When a waiver
is set from the Report CDC dialog box, both - from and - to are specified to match the exact
violation. However, you can specify a CDC waiver using only the - from option or only the - to
option, but more paths might be waived than expected.

UG938 (v2020.2) February 4, 2021 send Feedback www.xilinx.com
Design Analysis and Closure Techniques L\/—] 18


https://www.xilinx.com/cgi-bin/docs/rdoc?v=2020.2;d=ug835-vivado-tcl-commands.pdf;a=xcreate_waiver
https://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug835-vivado-tcl-commands.pdf
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2020.2&docPage=18

iv Xl Ll NX Lab 1: Setting Waivers with the Vivado IDE
A .

Step 9: Waiving Multiple CDC Violations

In this step, you waive multiple CDC violations simultaneously.

1.

In the CDC Report, view the my_ip_axi_aclktomy_ip_glblclk CDC under CDC
Details.

This crossing has five CDC-14 violations, which are multi-bit violations. The five CDC-14
violations all start from the same two register clock pins:

i_my_ip_support_block/jesd204_1i/inst/tx_cfg_test_modes_regl2:1]/C

O TIP: You can sort the table by the column ID to more easily see the five CDC-14 violations.

Td Console | Messages | Timing  x ?_00
Q ¢ C 4 Q X @, myip_axi_aclktomy_ip_glblclk @ © Critical warning (901) ) © Warning (10) 2@ Info (2) &
General Information A Severity ID Al Description Depth Exception  Source (From) Destination (To) Category
Summary ock pai Warning _ CDC15__Clock enable controlled CDC structure detected 0 False Path  i_my_ip_support..modes_reg[11/c  i_my_ip_suppo...d_nls_r_reg/D Safe A
Summary (by Critical CDC-14  Multi-bit CDC path on a non-FD primitive 0 False Path  i_my_ip_support_..odes_regl2:1]/C i_my_ip_supp.../TXDATA[2:1] Unknown
Summary (& ks Critical CDC-14  Multi-bit CDC path on a non-FD primitive 0 False Path  i_my_ip_suppert_...odes reg[2:1]/C i_my ip_supp.../TXDATA[2:1]  Unknown
~ CDC Details (528 Critical  CDC-14  Multibit €OC path on a non-FD primitive 0 False Path  i_my_ip_support_..odes reg[21]/C imy ip_supp../XDATA[2L]  Unknown
my_ip_drpelk to my_ip_axi_aclk (1 Critical CDC14  Multibit COC path on a non-FD primitive 0 False Path  i_my_ip_support_...odes_reg[:1]/C i_my_ip_supp../TXDATA[Z1]  Unknown
my_ip_glblclk to my ip_axd_aclk 2 Critical  CDC-14  Multibit COC path on a non-£D primitive 0 False Path  i_my_ip_support_...odes reg[2:1]/C i my ip_supp../TXDATA[2:1]  Unknown
L:sj;;it::;t;‘:ﬂgi’ijskl . Critical  CDC13  Lbit CDC path on a non-FD primitive 0 FalsePath  i_my_ip_support..modes reg(2l/C  i_my_ip_suppo.. TTXCTRL2[0]  Unsafe
b alblelk to my o droclk (5 Critical  CDCL3  1bit €DC path on a non-FD primitive 0 False Path  i_my_ip_support..modes_reg[21/C  i_my_ip_suppo.. T/TXCTRL2[1]  Unsafe
Critical  CDCL3  1+bit €DC path on a non-FD primitive 0 FalsePath  i_my_ip_support..modes_reg(2l/C  i_my_ip_suppo...TTXCTRL2[3]  Unsafe
ekt Ty bR . ©Cital  CDC13 1.t CDC path on a non £ primitive 0 FalsePath  imy jp_support..modes reg[L/C  my ip_supp...STIDDATAD]  Unisafe |
Report CDC - cdc_L (928 violations) x| Report CDC - cdc_2 (928 violations) ~ x Report CDC - cdc_3 (928 violations)  x

Because i _my_ip_support_block/jesd204_i/inst/
tx_cfg_test_modes_regl*]1/C matches five pins and you only need to target two of

those five pins, construct the list of startpoints as follows:
set startpoints [list \

[get_pins i_my_ip_support_block/jesd204_i/inst/
tx_cfg_test_modes_reg(1]/C] \

[get_pins i_my_dip_support_block/jesd204_1i/inst/

tx_cfg_test_modes_regl(2]/C] \
]

To waive the five CDC-14 violations, use the create_waiver Tcl command with the - from
option:

create_waiver -type {CDC} -id {CDC-14} -user {Xilinx} -desc {No more CDC
14!} -from $startpoints

From the Vivado IDE, select Reports = Timing = Report CDC to rerun Report CDC.

In the CDC Report, verify that the CDC-14 violations are no longer reported in the Summary
section.
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Messages Timing *
Q = s C : Q. Summary (by type)
General Information “  Severity ™1 ID Count  Description
Summary (by p Critical CDCA 536  1-bitunknown CDC circuitry
Critcal ~ CDC-4 4 Wulti-bit unknown CDC circuitry
Summary [0y ints Critical cDC-10 186 Combinational logic detected before a synchronizer
*~ CDC Details (923 Critical CDC-13 170 1-bit CDC path on a non-FD primitive
my_ip_drpclicio my_ip_axi_aclk (1 Warning ~ CDC-15 10 Clock enable controlled CDC structure detected
my_tp_glblclkto my_ip_axi_aclk (2 0 Info CDC-3 10 1-bit synchronized with ASYNC_REG property
input port clock to my_ip_drpclk (2 @ Info CDC-9 7 Asynchronous reset synchronized with ASYNC_REG property
my_ip_axi_aclk to my_ip_drpclk (2 o
Report CDC - cdc_1 (928 violations) * | Report CDC - cdc_2 (928 violations) X | Report CDC - cc (928 violations) < Report CDC - cdc_4 (923 violations)

6. To report only the waived violations, enter:

report_cdc -details -waived

The following figure shows the waived CDC violations in two different tables. The first table
shows the 5 CDC-14 violations waived as multi-bit violations. The second table shows the 10
single-bit violations, calculated by multiplying the 5 multi-bit violations by 2 bits per multi-bit

violation.
10 Severity Count Description
CIC-10r Critical 1 Combinatorial logic detected before a synchronizer

Critical

1D Waived

CIC-14 10

Source Clock: my_ip_glbleclk
Dlestination Clock: my_ip_axi_aclk
CIC Type: Mo Common Primary Clock

Row 10 Severity Description Depth Exception  Source (From)

1 CIC-10 Critical Combinatorial logic detected before a synchronizer 5 False Path i_my_ip_support_blocks jesd204_i/inst/i_my_ip/i_tx/i_tx_counters_32/gow,

Source Clocky my_ip_axi_aclk
Destination Clock: my_ip_drpclk
CIC Type: Mo Common Primary Clock

Row ID Severity Description Depth Exception  Source (From)
1 CIC-11 Critical Fan-out from launch flop to destination clock G False Path i_my_ip_support_block/jesd204_idinsts/i_my_ip_reset_block/stretch_reg[10]/0
2 CIC-11 Critical Fan-out from launch flop to destination clock 5 False Path i_my_ip_support_blocksjesd204_isinsts/i_my_ip_reset_block/stretch_reg[10]/0

Source Clock: my_ip_axi_aclk
Dlestination Clock: my_ip_glblelk
CIC Type: Mo Common Primary Clock

Row ID Severity Description Depth  Exception  Source (From) Destination g

CIC-14 Critical Multi-bit CIC path on
CIC-14 Critical Multi-bit CIC path on

1 non—FI primitive 0 Falze Path i_my_ip_support_hlock/jesd204_idinst/tx_cfg_test_modes_reg[2+11/C  i_my_ip_suppg
2

2 CIC-14 Critical HMulti-bit CIC path on

4

5

non-FD primitive 0 False Path i_my_ip_support_block/jesd204_ifinst/tx_cfg_test_modes_reg[2:11/C i_my_ip_supf
non-FD primitive 0 False Path i_my_ip_support_blocks jesd204_isinsts/tx_cfg_test_modes_req[2:1]/C i_my_ip_suppo:
non-FI primitive 0 Falze Path i_my_ip_support_blocksjesd204_isinst/tx_cfg_test_modes_req[2:11/C i_my_ip_supy
non-FD primitive 0 Falze Path i_my_ip_support_block/ jesd204_ifinsttx_cfg_test_modes_req[2:1]/C i_my_ip_suppo,

CIC-14 Critical Multi-bit CIC path on
CIC-14 Critical Multi-bit CIC path on

QoW oW W

7. To export all the waivers inside a script and verify that a total of four waivers were added,
enter:

write_waivers -type cdc waivers.xdc -force

Note: Because the waivers . xdc file already exists, the - force option must be specified to override
the file.
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Lab 1: Setting Waivers with the Vivado IDE

O TIP: Alternatively, because there are no DRC or methodology waivers, you can enter:

write_waivers waivers.xdc

or

write_xdc

-force

-type waiver waivers.xdc

-force

The list of waivers inside waivers . xdc appears as follows.

#

# WRITE CIC Waivers

# cnd: urite_waivers —type odc —File waivers,xdc —force
current_instance —quiet

create_waiver -type COC -id {COC-10} -user "Xilinx" -desc
create_waiver -type COC -id {CDC-11} -user "Xilinx" -desc
create_waiver -type COC -id {COC-11} -user "Xilinx" -desc
create_waiver -tupe COC -id {CIC-14} -user "Hilink" -desc
#

current_instance —quiet

8. Toimportthe waivers.xdc file, enter:

read_xdc waivers.xdc

"This is a safe CIC per review with the team" -from [get_pins i_my_ip_support_block/jesd204_i/inst/i_my_ip/i_tx/i_tx_counters_32/got__
"Safe fanout, Circuitry has been released" -from [get_pins {i_my_ip_support_block/jesd204_i/inst/i_my_ip_reset_block/stretch_reg[10]/0]
"Safe fanout, Circuitry has been released" —from [get_pins {i_my_ip_support_block/jesd204_i/inst/i_my_ip_reset_block/stretch_reg[10]4

“No more COC-141" —from [list [get_pins {i_my_ip_support_hlock/jesd204_ifinst/tx_cfg_test _modes_reg[1]/CH] [get_pins {i_my_ip_support_t

The following warnings show that duplicate waivers were not added to the existing waivers.
Only waivers that are exact duplicates of existing waivers are rejected.

WARNING: [Vivado_Tcl 4-935] Waiver ID
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID
not be added again.
WARNING: [Vivado_Tcl 4-935] Waiver ID

not be added again.

'CDC-10" is a duplicate and will
'CDC-11" is a duplicate and will
'CDC-11" is a duplicate and will
'CDC-14"'" is a duplicate and will

Step 10: Waiving Multiple DRC Violations

In this step, you waive multiple DRC violations simultaneously.

1. Select Reports = Report DRC.
2. Inthe Report DRC dialog box, leave all settings at their default, and click OK.

UG938 (v2020.2) February 4, 2021
Design Analysis and Closure Techniques

[ Send Feedback ] WWW.ininx.c02n11


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2020.2&docPage=21

iv Xl Ll NX Lab 1: Setting Waivers with the Vivado IDE
A .

#
Check design against selected rule decks and/or individual design rules. '
Results name: drc_1
[ Interactive report file:
| [ Exportto file:
Waivers
(®) Apply waivers
| Display only waived violations
() 1gnore all waivers
Rule Decks Rules (2119 of 2135)
~ W) Vivado Rule Decks (7) Q x =2
[+ €7 default _
— v (M) All Rules (2125) ~
|17 opt_checks — )
— > (M) Netlist (737)
|| €7 placer_checks — ) .
— » |+ Pin Planning (110)
|| 7 router_checks — .
— » |v| Clocking (4)
|| €7 bitstream_checks _
— > || Memory (143)
|| &7 incr_eco_checks — .
— » |+ Floorplan (10}
|_J#7 eco_checks — )
> M| Implementation (229)
> (W] Phvsical Confinuration (747} hd

] Openin a newtap

(2)
\ 2/ OK Cancel

3. Inthe DRC Report, right-click UCIO#1, and select Create Waiver to create a waiver for the
UCIO-1 violations.

Note: The UCIO#1 violation combines 125 individual violations into a single violation. Similarly, the
NSTD#1 violation covers 113 ports.

UG938 (v2020.2) February 4, 2021 send Feedback www.xilinx.com
Design Analysis and Closure Techniques l—./—l 22


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2020.2&docPage=22

iv Xl Ll NX Lab 1: Setting Waivers with the Vivado IDE
A .

Tcl Console Messages DRC ¥ Timing

Q = £ =@ H vy 3 Critical Warnings ¥ 1Warning Hide All

Mame Details

v NSTD-1 (1)

113 out of 125 logical ports use /0 standard (I0STANDARD) value 'DEFAULT, instead of a user assigned specific value. This may cause /O contentic
compoenents to which itis connected. To correct this vielation, specify all /O standards. This design will fail to generate a bitstream unless all logical p
command: set_property SEVERITY {Warning} [get_drc_checks NSTD-1]. MOTE: When using the Vivado Runs infrastructure {e.g. launch_runs Tcl comr
s ad araddr[10], = axi araddi(9], s axi araddr[8], s axi araddi[7] & axi araddrf] = axi araddr5] s axi araddr4], s axi araddr3] s axi araddr:

N3TD #1

~ uclo-1 (1

125 out of 125 logical ports have no user assigned specific location constraint (LOC). This may cause /O contention or incompatibility with the board g

correct this violation, specify all pin locations. This design will fail to generate a bitstream unless a Copy const

Ucio #1 [get_dre_checks UCIO-1). NOTE: When using the Vivado Runs infrastructure (e.g. launch_runs Tc d ade

S axi araddr(8], 5 axi araddi7], 5 axi araddr(6], 5 axi araddr5] s axi araddrf4] 5 axi araddr: Violation Properties... wadd

~ . Implementation (1) Auto-Select Objects
~ [ Routing (1) Auto-Mark Objects
~ [ & ChipLevel (1
~  WrapLines
v RTSTAT-13 (1)
Create Waiver...
RTSTAT #1 A signficant portion of the design is not routed. Routed nets status (RTSTAT-*) DRC checks will no ute_sg

drc_1 (4 violations) Export to Spreadsheet

4. In the Create Waiver dialog box, look at the output in Tcl Command Preview, and click OK.

/

Create waiver for 1 violation

User: Kilinx
Descripion”  ywajye UCIO DRC violations

Tags:

Tcl Command Preview

Q

create_waiver -of_objects|[get_drc_violations -name drc_1 {UCIO-1#1} Fuser Xilinx -description {iWaive UCIO DRC vio

< >

|/":l-\'|
2 OK Cancel

5. To generate the drc_waivers.xdc file and verify that the waiver is waiving all 125 objects,
enter:

write_waivers -type DRC drc_waivers.xdc

6. Inthe xDC file, look at the expanded port list, and notice that some of the strings from the
violations message were converted to wildcards (*).
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Strings are automatically converted to wildcards for UCIO-1, NSTD-1, TIMING-15, and
TIMING-16 type violations. For UCIO-1, the numbers of objects in the violations are replaced
with wildcards, because the numbers of elements are not meaningful.

4

# WRITE DRC WAIYERS

# cmd? write_waivers —type IRC drc_waivers.zdc

current_instance —quist

create_waiver —type DRC -id {UCI0-1} -user "Hilinx" -desc "Waiwe UCIO IRC wiolations" -objects [get_ports { refclkop glblelkp refclkOn tx_start_of _frame[3] tx_start_of_multiframe[2] glblclkn
tx_reset drpelk tx_start_of _multiframe[2] txp[3] tx_start_of_multiframe[0] tx_start_of_frame[2] tx_start_of_frame[1] =_axi_rready tx_sunc tx_sysref tx_aresetn s_axi_rdatal[l] s_axi_rvalid
s_axi_rrespl0] s_axi_rrespl1] s_axi_rdatal0] s_awi_rdata(2] s_axi_rdata[2] s_axi_rdatal4] s_awxi_rdatal39] s_axi_rdatal5] s_axi_rdatal10] s_axi_rdatalB] s_axi_rdatal7] =_axi_rdata[8]
s_axi_rdatal15] s_axi_rdata[11] s_axi_rdata[12] s_axi_rdata[13] s_axi_rdatal16] s_axi_rdatal17] s_axi_rdata[18] s_axi_rdatal14] s_axi_rdatal20] s_axi_rdatal21] s_axi_rdatal22] s_axi_rdata[27]
s_axi_rdatal23] s_axi_rdata[13] s_axi_rdatal25] s_axi_rdatal26] s_axi_arready s_axi_rdata[28] s_axi_rdata[24] s_axi_rdata[30] s_axi_rdatal31] s_axi_araddr[2] s_axi_arwalid s_axi_rdata[25]
s_axi_araddr[7] s_axi_araddr[3] s_axi_araddr[4] s_axi_araddr[5] s_axi_araddr[B] s_axi_bvalid s_axi_araddr[9] s_axi_araddr[10] s_axi_bready s_axi_wstrb[0] s_axi_wstrb[1] s_axi_araddr[8]
s_axi_bresp[1] s_axi_uready s_axi_wvalid s_axi_wdata[0] s_axi_bresp[0] s_axi_uwstrb[2] s_axi_araddr[11] s_axi_wdatal4] s_axi_wdatall] s_axi_wstrb[3] s_axi_wdatal2] s_axi_wdatal3]
s_axi_udatald] s_axi_wdatal8] s_axi_udatal6] s_axi_wdatal7] s_axi_wdatal8] s_axi_wdatal14] s_axi_wdata[10] s_axi_udatal11] s_axi_wdatal12] s_axi_wdata[13] s_axi_wdatal13] s_axi_wdata[15]
s_axi_wdata[16] s_axi_wdatal17] s_axi_wdatal18] s_awi_wdata[24] s_axi_wdata[20] s_axi_wdata[28] s_axi_wdatal25] =_axi_wdata[25] =_axi_t wdata[2?] s_axi_awready s_axi_awalid txp[4]
tx_start_of _multiframe[1] txp[1] tx_start_of_frame[0] txp[2] txn[1] txn[3] txn(2] s_axi_swaddr[11] txn[0] txplol 1L i awaddr‘[?’] s_axi_awaddr[10] =_axi awaddr‘[B]
=_axi_awaddr[3] s_axi_awaddr[2] txnl4] s_axi_awaddr[5] s_axi_swaddr[6] s_axi_swaddr[3] s_axi_awaddr[4] }]I —strings { "®" } -strings { "k" }] timestamp “Wed Mar 14 22:57:14 GMT 2018"

7. To delete the DRC waiver and rewrite the waiver using wildcards to target a subset of the
ports objects, enter:

delete_waivers [get_waivers -type drc]

create_waiver -type DRC -id {UCIO-1} -user "Xilinx" -desc "Waive
selected UCIO violations" -objects [get_ports { s_axi_rdatal¥*]
s_axi_wdatal[*] s_axi_araddr[*] } ] -strings { "*" } -strings { "*" 1}

Note: This command only covers a subset of the original 125 objects.
8. Select Reports = Report DRC to rerun Report DRC.

9. In the Report DRC dialog box, select Display only waived violations to report only waived
violations, and click OK.
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Check design against selected rule decks and/or individual design rules.

Results name: drc_2
[ Interactive report file:

[ Exportto file:

Waivers

(®) Apply waivers

I [+| Display only waived violations I

() 1gnore all waivers

Rule Decks Rules (2120 of 2136)
| ~ (W) vivado Rule Decks (7) Q x =2
[+ €7 default
— ~ (W] All Rules (2136) My

[] £ opt_checks
P > (W) Netlist (737)

"] €7 placer_checks — . o
» |+ Pin Planning (110)

[ 7 router_checks — ] )
— » |v| Clocking (4)
|| €7 bitstream_checks — )
v Memory (148)

W

[] £ incr_eco_checks — ,
|w*] Floorplan (11}

LY

|| 47 eco_checks

W

(m] iImplementation (239)

(W] Phvsical Confinuratinn (5421 hd

L

[+] Openin a newtap

(2)
\ 2/ OK Cancel

In the DRC Report, verify that only 68 violations are waived out of 125.

TclConsole | Messages |DRC  x Timing [Z =l
Q |=| £ ||==| W [+ @ 1 Critical Warning Hide All
Name Details

~ = All Violations (1)

~ " PinPlanning (1)

~ @ UCIo-1 (1)
68 out of 125 logical portsfhave no user assigned specific location constraint (LOC). This may cause I/O contention or incompatibility with the board power or connectivity affecting performance, signal
integrity or in extreme cases cause damage to the device or the components to which it is connected. To correct this violation, specify all pin locations. This design will fail to generate a bitstream unless
@ uciom all logical ports have a user specified site LOC constraint defined. To allow bitstream creation with unspecified pin locations (not recommended), use this command: set_property SEVERITY {Waming}

[get_drc_checks UCIO-1]. NOTE: When using the Vivado Runs infrastructure (e.g. launch_runs Tcl command), add this command te 2 tcl file and add that file as a pre-hook for write_bitsiream step for the
implementation run. Problem ports: 3 _axi araddr11] s axi araddr10], s axi araddr9] s axi araddi8] s axi araddi7] s axi araddrf] s axi araddr(5] s axi araddr4] s axi araddr3] s axi araddr?],
5 axi rdata[31:0], 5 axi wdata[2?8] s axi wdata[27], 5 axi wdatal?6], 5 axi wdata[25], (the first 15 of 37 listed).

drc_1 (4violations)  x  dre_2 (1 waived) x

ﬁ IMPORTANT! You cannot waive READONLY or NODISABLE violations. For example, if you enter:

create_waiver -type DRC -id RTSTAT-1 -description "Waive RTSTAT-1"
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The Vivado tools issue the following error:

ERROR: [Vivado_Tcl 4-934] Waiver ID 'RTSTAT-1' is READONLY or
NODISABLE and cannot be waived.

These Factory designations specify that a check is required and may
not be overridden by user action.

Step 11: Generating a Summary Report for
Waived Violations

This step covers how to use the report_waivers Tcl command to generate a summary report
for CDC, DRC, and methodology waivers.

ﬁ IMPORTANT! Before running the report_waivers command, you must rerun Report CDC, Report
DRC, or Report Methodology to ensure that added or removed waivers are included in the statistics
reported by report_waivers.

1. To rerun Report CDC, enter:

report_cdc
2. To rerun Report DRC, enter:

report_drc

Note: You do not need to rerun Report Methodology, because no methodology waivers were set.
3. To create a summary report, enter:

report_waivers

By default, report_waivers reports only waived violations. The following figure shows the
UCIO-1, CDC-10, CDC-11, and CDC-14 rules, which have defined waivers.
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. REPORT DETAILS (HETHODOLOGY: no waivers)

1. REFORT SLRMHARY

2. REPORT LETAILS (DRC)
3

4. REPORT DETRILS (CDC)

1. REFORT SUMHARY

Maiver Tupe Total Vios Remaining Vios Waived Vios Used Baivers Set Waiwers
IRC 223 1 1] 1 al
HETHODOLOGY O (1} L] 0 (1]

CEC 957 944 13 4 4

Note: This report is based on the most recent report_drc/report_methodologu/report_cde runs,

2, REFORT DETAILS (DRC)

Rule Severity Deseription Total Vios FRemaining Vios Uaived Vios LUsed Waiwers Set Maivers

UCIO-1* Critical Warning Unconstrained Logical Port 125 LT =] i 1

4, REPORT DETRILS (CDC)

Fule Severity Dezcription Total Wios Remaining Wios Baived Vics Used Waiverz Sat Waivers
COC-10 Critical Combinational loaic detected before a sunchronizer 187 186 1 1 1
CBC-11 Critical Fan-out from launch Flop to destination clock 2 0 2 2 2
CDC-14 Critical Multi-bit COC path on a non=FD primitive 10 L 10 1 1

Note: Arg "Rule’ which iz flagged by “*° iz an aggregating message and itz counts are baszed on the rumber of objectz represented.
rather than the nusber of mezzages,

Note the number of waived objects and total violations:

Lab 1: Setting Waivers with the Vivado IDE

e The aggregating DRCs are reported as 1 violation per object inside the violation. Because

there are 113 objects in NSTD-1, 125 objects in UCIO-1 plus 1 in RTDAT-13, a total
number of 239 DRC violations are reported in the Summary table.

e The Report Summary table reports all of the violations.
e The Report Details tables only report the check IDs that have one or more waivers.
4. To generate detailed tables with all of the rules, including rules with no waivers, enter:

report_waivers -show_msgs_with_no_waivers

The following figure shows the report with all DRC and CDC rules reported in the Report
Details.
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. REPORT SUMMARY

. REPORT DETAILS (DRC)

. REPORT DETAILS (METHODOLOGY: no waivers)
. REPORT DETAILS (CDC)

T
1
2
3
4

. REPORT SUMMARY

LCRC 239 171 68 1 1
METHODOLOGY 0O 0 0 Q 0
cDC 957 944 13 4 4
Mote: This report is based on the most recent report dro/report methodology/report cde runs.

2. REPORT DETAILS (DRC)

Rule Severity Description Total Vioes Remaining Vies wWaived vios Used wWaivers Set Waivers
ucro-i* Critical Warning Unceonstrained Logical Port 125 57 68 1 1
RTETAT-13 Critical Warning Insufficient Routing 1 1 0 0 0
MNSTD-1* Ccritical Warning Unspecified I/0 Standard 113 113 0 0 0

4. REPORT DETAILS (cCDC)

Set Waivers

Rule Severity Description Total Vios Remaining Vios Waived Vios Used Waivers
CDC-10 Critical Combinational logic detected before a synchronizer 187 186 1 1
CDC-11 Critieal Fan-cut from launch flep to destination clock 2 0 & 2
CDC-14 Critical Multi-bit CDC path on a non-FD primitive 10 0 10 1
cpc-1 Critical 1-bit unknowm CDC cireuitry 536 536 0 0
CDC-3 Info 1-bit synchronized with ASYNC_REG property 9 9 0 0
cpc-4 Critieal Multi-bit unknown CDC circuitry 28 28 0 0
CDC-9 Info Asynchronous reset synchronized with ASYNC_REG property 5 5 0 0
cpc-13 critieal 1-bit CDC path on a non-FD primitive 170 170 0 0
CDC-15 Warning Clock enable controlled CDC structure detected 10 10 0 0

MNote: Any 'Rule' which is flagged by '#' is an aggregating message and its counts are based on the number of objects represented,
rather than the number of messages.

To run Report Methodology, enter:
report_methodology
To generate detailed tables with all of the rules, including rules with no waivers, e

report_waivers -show_msgs_with_no_waivers

The exact statistics are reported, as shown in the following figure.

Note: This figure does not include the Report Details (CDC) section.

Waiver Type Total Vics ERemaining Vicos Waived Vics Used Waivers Set Waiwvers

DRC 239

METHODOLOGY 163 163 0 0 0

[sinls} 957 G944 13 4 4

Note: This report is bkased on the most recent report_drofreport msthodolegy/report_cde runs.

Rule Severity Description Total ¥Wios Remaining Vios Waived Vios Used Waivers
ucIo-1#% Critical Warning Unconstrained Logical Port 125 57 68 1
RTSTAT-13 Critieal Warning Insufficient Routing 1 0 0
HSTD-1#% Critical Warning Unspecified I/0 Standard 113 113 Q 1]

Rule Severity Description Total Vios Remaining Vieos Waived Vies Used Waivers 8
AVAL-324 Warning Hard blocks _needs LOCs ] 3] 0

LUTAR-1# Warning LUT drives async reset alert 40 40 4] 0 0
TIMING-9 Warning Unknown CDC Logic 1 1 0 0 0
TIMING-10 Warning Missing property on synchronizer 1 1 0 0 0
TIMING-16% Warning Missing input or cutput delay 115 115 0 0 0

cocooormE

nter:

Set Waivers

et Waivers

Lab 1: Setting Waivers with the Vivado IDE

Step 12: Using Waiver Commands

In this step, you run additional commands related to the waivers.
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1. To return a collection of CDC waiver objects, enter:
get_waivers -type cdc
The following CDC waivers are returned:
CDC-10#1 CDC-11#1 CDC-11#2 CDC-14#1
2. To filter the list of waivers to only return CDC-14 waivers, enter:

get_waivers -filter {ID == CDC-141}
CDC-14#1

3. To report all of the properties on a CDC waiver object, enter:
report_property [lindex [get_waivers -type cdc] end]

The following properties are returned:

Property Type Read-only Value

CLASS string true cdc_waiver
DESCRIPTION string false No more CDC-14!
ID string true CDC-14
INDEX string true 1

IS_SCOPED bool true 0

NAME string true CDC-14#1
OBJECT_COUNTS string true pins:2
SCOPE string true

TAGS string false

TIME string true <timestamp>
TYPE string true CDC
USED_CNT string true 10

USER string true Xilinx

Note: You cannot retrieve the design objects attached to a waiver object.
4. To delete all of the previously created CDC-14 waivers, enter:
delete_waivers [get_waivers -filter {ID == CDC-141}]

Note: After a waiver object is deleted, the waiver no longer applies and the violations that it waived are
reported again.

5. To delete all of the remaining CDC waivers, enter:

delete_waivers [get_waivers -type cdc]

Summary

In this lab, you accomplished the following:

e Waived CDC and DRC violations

e Generated reports for waived violations
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e Exported waivers

e Used waiver commands
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Lab 2

Increasing Design Performance
Using Report QoR Suggestions

Introduction

The report_gor_suggestions (RQS) command enables the Vivado® Design Suite tools to
analyze a design and provide automated solutions for enhancing QoR. The command can be run
on an open design after synthesis or after any stage in the implementation flow. RQS evaluates
the design in five key areas and suggests fixes or improvements in these areas. The five areas are
utilization, clocking, constraints, congestion, and timing. Recommendations from RQS can take
the following forms:

e RQS objects. These can add:
Switches to a given command
Properties to a given design object
Implementation strategies customized for the design using machine learning algorithms
e Text recommendations that require intervention by the user.
This tutorial will cover how to:
¢ Analyze the QoR suggestion report
e Export suggestions to an RQS file
e Add an RQS file to synthesis and implementation runs

e Accumulate suggestions in an RQS file by generating suggestions at different implementation
stages or on different runs
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Step 1: Understanding the Design

This lab uses an architected design to demonstrate some of the features of RQS. Suggestions are
triggered by the design of the RTL and the placement of blocks using floorplanning. The design
contains the following modules:

Clocking Module: The main clocking circuit for the design resides in
clocking_module. vhd. For simplicity, RST is tied to GND. LOCKED is registered and tied

to an output port. The structure of this block is shown in the following figure.
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Reg CLKA to CLKB Module: This module contains a synchronous CDC for a large bus. It
registers input data using CLKA and then passes it to a register on the CLKB domain to be
passed to the output. Registering large buses on different related clock domains can impact
hold slack (WHS/THS) and setup slack (WNS/TNS).

Bit Expander and Bit Reducer Modules: These modules enable the expansion and contraction
of internal data widths so that the design does not run out of I/Os. The modules take an
arbitrary data width and expand or contract it to or from a desired size. The contraction logic
creates many logic levels.

The following steps cover opening the project and examining the placement of the floor-planned
modules.

1.

In the Vivado Design Suite, go to File = Project = Open and select the project located in
<extract_Dir>/Lab2/project_2.
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Eile Flow Tools Window Help Q- Quick Access

Project New...
Open...
[

Open Recent ¥

Open Example...
Checkpoint "

IP

2. In the Flow Navigator, click Run Synthesis and wait for synthesis to complete.
3. In the Flow Navigator, click Open Synthesized Design.
4. In the Netlist view, look at the hierarchy.

Netlist ? 0O 2 X
= 4 o
top

» Mets (43)

» Leaf Cells (20)
w W clk300_to clkG00_ffs_i(req clka to clkb)
» Mets (8015)
» Leaf Cells (5009
> [I] bit_expander_i (bit_expander_1)
» [T bit_reducer_i (bit_reducer_2)
~ W clkB00_to_clk300_ffs_i (reg_clka_to_clkb_0)
» Mets (5015
» Leaf Cells (5009)
» [I] bit_expander_j (bit_expander)
» [I] bit_reducer_i (bit_reducer)

» [I1 mmem_inst (clocking_module)
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5. In Device view, look at the pblock. This has been added to control placement of the
reg_clka_to_clkb modules and force a poor clock skew.

Device

a N E o H R @ o Py

Step 2: Running Report QoR Suggestions

This step covers running the report_qor_suggestions command to generate a report. The

command can be run on an open design at any stage of the implementation flow after synthesis.
In project mode, this is typically after synthesis or implementation. In non-project mode, this can
be after synth_design, l1ink_design, opt_design, place_design, phys_opt_design,

Or route_design.
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1. Inthe Vivado IDE, from the pull down menus, click Reports = Report QoR Suggestions... to
bring up the dialog box shown in the following figure.

’

Report design and tool option changes to improve the quality of
results (CloR) '

Mumber of paths for suggestion analy sis: 100

Exportto file:

The equivalent Tcl command is:

report_qor_suggestions -quiet -name gor_suggestions_1
The command will:

e Examine the design and generate new suggestions

e Generate a report on the suggestions

The report opens automatically in the integrated design environment (IDE). Due to the
interactive nature of the report, only one instance of the report can be open at any time.

Note: By default, the RQS command reports on the 100 worst failing paths per clock group. You can
change the number of paths that RQS uses for the analysis of timing-critical paths by modifying the -
max_paths switch. Increasing this number generates more suggestions, but on paths that are
reducing in criticality.

Step 3: Understanding the Report

This step explains the different sections of the generated QoR Suggestions report. On the left of
the report window, you can navigate to the different sections of the report; on the right, more
information is provided.
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In the generated report, under RQS Summary, select GENERATED. This brings up the report

section shown in the following figure.

QoR Suggestions

Q

General

Cc

~ RQS Summary
GENERATED

~ Timing
RQS_TIMING-33-1
RQS_TIMING-44-1

v XDC
RQS_XDC-1-1

~ Clocking
RQS_CLOCK-9-1

40 I % © GENERATED
> D ~| GENERATED_AT APPLICABLE_FOR
~ = Timing ~
0 RQS_TIMING-33-1 [  synth_design synth_design
2 ROS_TIMING-44-1 )  synth_design synth_design
7 RQS_TIMING-27-1 [+  synth_design synth_design
v XDC V)
@ RQS_XDC-1-1 v synth_design synth_design
~ = Clocking ~
¥ RQS_CLOCK-9-1 ¥  synth_design place_design

<
ML Strategies are available only in defaulliexplore at successfully routed design.

—-0ax

AUTOMATIC  Incre.. DESCRIFTION
No
No

No

Improve fiming on criical path using RETIMING_FORWARD property
Improve timing on critical path using RETIMING_BACKWARD property
Improve module level timing by using BLOCK_SYNTH.RETIMING property.

Mo Paths above Max NetLUT budgeting. Review paths and either reduce lagic ey

Yes Sub optimal Fvco on MMCM/PLL. Update MMCM/PLL settings to improve the j

3

| Reset Default H Export Suggestions |

‘ Add Suggestions to Project ‘

The GENERATED section provides a list of all the suggestions that have just been generated
at this stage of the current run. Each suggestion has a description that details the reason for
the suggestion. Additionally, for each suggestion the following information is provided.

Table 1: RQS Summary Column Description

Item

Description

Comment

GENERATED_AT

This shows what stage of the design
the suggestion was generated at.
Typical values place_design Or
route_design

As you progress through the design stages, the decisions
that the tool makes are based on the information
available at the time. Additionally, information accuracy
increases after placement and again after routing.

APPLICABLE_FOR

This is the stage that must be rerun in
order for the suggestion to take
effect.

Most suggestions are executed at either synth_design
Or place_design

AUTOMATIC

Details whether the suggestion is
executed automatically or the user
must manually intervene

Automatic suggestions will either recommend a switch to
the tool or a property to be added to a cell or net

INCREMENTAL
FRIENDLY

Details if the suggestion is optimized
for the incremental flow or not.

Non-incremental friendly suggestions must be already
present in the reference checkpoint. If you want to add
non incremental friendly suggestions, an updated
reference checkpoint must be used.
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Under the other sections of the report there are usually details about the individual
suggestions that have been generated.

Click on the RQS_XDC_1_1 hyperlink. This will take you to the details section for this
suggestion.

QoR Suggestions

Q

General

- 74 Q RQS_XDCA-1
»

Slack | Req. |Skew

1667

Datapath Delay Cell% Route%  Source Clock
-0145 1902 5650 4350

Destination Clock Startpoint

clk_B00_clk_wiz_ 0  clk_600_clk_wiz 0  clk300_to_clk600_ffs_ilexpanded_sig3_rec

~ RQS Summary
GEMNERATED

~ Timing
RQS_TIMING-33-1
RQS_TIMING-44-1

v ¥DC

~ Clocking

RQS_CLOCK-9-1 .,

>

" Mo of Paths |

Logic Levels Rumes|
P

5 6

-0.396

< <

| Reset Default H Export Suggestions H Add Suggestions to Project |

The suggestion description says that the timing constraint is too tight for the given path(s).
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The path has a large negative slack which would stand out in a timing report. Timing paths
use net delays that are optimal, this gives the tools the correct order to place and route them.
Close analysis shows this is a 600 MHz path with high logic levels. This is a path that will
need to be fixed.

Click on the back arrow button * to go back to the GENERATED view.

4. In the GENERATED view, click on RQS_TIMING-33_1 row. You can see this is an
AUTOMATIC suggestions that is APPLICABLE_FOR synth_design. This tells us that you must
rerun the synth_design command in order to make use of this suggestion.

QoR Suggestions -0 ax
Q T 2 ¢ 40 T £ © GENERATED
General } D [v] GEMERATED_AT APPLICABLE_FOR AUTOMATIC Incre.. DESCRIPTION

~ RQS Summary ~ = Timing [
GENERATED U RQS_TIMING-33-1 )  syntn_design syntn_design Yes NO Improve timing on critical path using RETIMING_FORWARD property.

~ Timing ? RQS_TIMING-44-1 ]  synth_design synth_design Yes No Improve timing on critical path using RETIMING_BACKWARD property.
ROS_TIMING-33-1 7 RQS_TIMING-27-1 [  synth_design synth_design Yes No Improve module level timing by using BLOCK_SYNTH.RETIMING propearty.
RQAS_TIMING-44-1 v @ XDC [~

v XDC @ RQS_XDC-1-1 \Z\ synth_design synth_design No No Paths above Max Nel/LUT budgeting. Review paths and either reduce logic le|
RQS_XDC-11 = Clocking [}

+ Clocking 0 RQS_CLOCK-9-1 [  synth_design place_design Yes Yes  Sub optimal Fvco on MMCHIPLL. Update MMCM/PLL settings to improve the |
RQS_CLOCK-9-1 3

ML Strategies are available only in default/explore at successfully routed design.
‘ Reset Default | | Export Suggestions ‘ | Add Suggestions to Project |

When you select the row in the RQS Summary view, the suggestion object is selected and
the properties can be seen in the QoR Suggestion Properties window. If you examine the
command property, you can confirm that generates a retiming forward property for
synth_design.

QoR Suggestion Properties ? -0aX
% RQS_TIMING-33-1 o
Q = = = - 0 =

APPLICABLE_FOR synth_design o

APPLIED v

AUTO v

CATEGORY Timing

CLASS qor_suggestion

COMMAND set_property retiming_forward 1 [get_cells {{

DESCRIPTION Retiming registers in critical paths can imprt

ENABLED v

FAILED_TO_APPLY

GENERATED_AT synth_design o
General  Properties
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5. In the GENERATED view, click on RQS_TIMING-33_1 ID to take you to the details table for
that suggestion. Careful examination of the Endpoint column will confirm that this is the
same path that was mentioned for RQS_XDC-1.

QoR Suggestions

—Ooax
QX2 e
General

74 Q RQS_TIMING-33-1
»

“~ qout  Datapath Delay Cell%
1002 56.50

Route%  Source Clock
4350

Destination Clock Startpoint

clk_600_clk_wiz_0  clk_B00_clk wiz 0  clk300_to_clk600_ffs_ilexpanded_sig3_reg[1932C

Endpoint

~ RQS Summary clk300_to_clkB00_ffs_ifbit_reducer_itmp_r_reg/D

GENERATED
~ Timing
ROS_TIMING-33-1
ROS_TIMING-44-1
~ XDC

ROS_XDC-1-1
~ Clocking
ROS_CLOCK-9-1
< b < 3

| Reset Default H Export Suggestions H Add Suggestions to Project |

6. Inthe GENERATED view, you can see the remaining suggestions. Note that the
RQS_CLOCK-9 suggestion is APPLICABLE_FOR = place_design. This is shown in the
following figure:

Q xz = |C : Q| z|<

General D )
~ RQS Summary

@ GENERATED

GENERATED_AT  APPLICABLE_FOR AUTOMATIC  Incre.. DESCRIPTION

~ = Timing (%)

GEMERATED 0 RQS_TIMING-33-1 [  synth_design synth_design Yes No Improve timing on critical path using RETIMING_FORWARD property.

~ Timing U RQS_TIMING-44-1 [ synth_design synth_design Yes No Improve timing on critical path using RETIMING_BACKWARD property.
RQS_TIMING-33-1 © ROS_TIMING-27-1  [+]  synth_design synth_design Yes No Improve module level timing by using BLOCK_SYNTHRETIMING property
RQS_TIMING-44-1 v XDC [~

~ xDC 2 RQS_XDC-1-1 v synth_design synth_design No No Paths above Max Nel/LUT budgeting. Review paths and either reduce logic le|
RQS_XDC-1-1 = Clocking )

~ Clocking

© RQOS_CLOCK-9-1

Z\ synth_design place_design Yes Yes

ML Strategies are available only in default/explore at successfully routed design.

Sub optimal Fvco on MMCM/PLL. Update MMCM/PLL settings to improve the j
>

RQS_CLOCK-8-1

‘ Reset Default || Export Suggestions H Add Suggestions to Project |

7. Note also RQS_TIMING-27. This suggestion uses BLOCK_SYNTH properties at synthesis and
will apply to the entire module. You can determine the target cell by looking at the properties
of the object as described in step 4.

8. With all the boxes checked, click Add Suggestions to Project. When the report suggestion
dialogue box is open, change the filename to rgs_report.rgs and select Copy sources to
project as shown in the following figure.

¢ Export Suggestion X

Save selected suggestions to project

Save suggestions as: rgs_report.rgs

Copy sources to project
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9. Examine the Sources window. You will see that the RQS file has been added to the utils_1

fileset. This ensures that the file is captured using the get _files command, project archives
and recognized in the next step when we add the file to a run.

Sources ? - 0a X
Q = & + b
- Design Sources (1)

~ @ & top(Behavioral) (top.vhd) (3)

@ mmem_inst: clocking_module(Behavioral) (clocking_mod
> @ clk300_to_clkG00_ffs_i: reg_clka_to_clkb(Behaviora

v

> @ clkB00_to_clk200_fis_i: reg_clka_to_clkb(Behavioral) (rec
Constraints (1)

w

CriginalCaonstraints (1)

I constraints xdc (target)
Simulation Sources (1)

Utility Sources (1)

utils_1 (1)

?

v
w

i

RQS Suggestions Files (1)
rgs_report.rqs

........................................................ 2]
Hierarchy  Libraries Compile Order

Step 4: Run with Suggestions

You will now add a suggestion to a run and examine what happens when a suggestion is applied
and how it is reported.
1.

In the Design Runs window, click the + icon and generate both a new Synthesis and
Implementation run. Ensure both runs have the Default run strategy and in the final step,
select Do not launch now.

¢ Create New Runs

X
Launch Options
Configure hosts for launching runs, and/or set advanced launch options

Launch directory: = <Default Launch Directory=

Options

Launch runs on local host:

Generate scripts only

®) Do not launch now

[ < Back Cancel
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2. In the Design Runs window, right-click on the new synth_2 run and select Set QoR
Suggestions ....

Synthesis Run Properties...

X  Delete

Make Active

Change Run Settings...

Set Incremental Synthesis...

Include Incremental Synthesis Information in DCP...
Set QoR Suggestions...

Save As Run Strategy..

Save As Report Strategy.

Display Messages

B CopyRun...
4 Create Runs...

Exportto Spreadsheet...

3. Specify the suggestion file as the RQS file added to the project from the previous step and
click OK.

[

Apply QoR Suggestions to the current run. Specify an
existing suggestions file or disable the suggestions
Suggestions are generated from
report_gor_suggestions

@) Specify suggestion file = rqs_reportrgs v

Disable suggestions

4. Repeat steps 2 and 3 for the implementation run. Specify the same RQS file for each run.
5. In the Design Runs window, right-click on synth_2 and select Make Active.
6. In the Flow Navigator, click Run Synthesis.
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7. As this design takes a long time to route, we will only run to place_design and analyze at this
stage. When synthesis is complete, in the Design Runs window, right-click on the new
implementation run and select Launch Step To = place_design.

Implementation Run Properties...
X Delete

Make Active

Change Run Settings...

Set Incremental Implementation

Set QoR Suggestions

Save As Run Strategy

Save As Report Strategy..

P LaunchRuns

> Launch Next Step: opt_design

TPWS  Tatal Powar

Launch Step To opt_design
place_design
I5  Generate Bitstream phys_opt_design
Display Log route_design
¥

write bitstream

8. When place_design is finished, first go and examine the very top of the implementation log
file for the new implementation run. You can see a table summary of the suggestions that
have been read in. This summary helps confirm that what is read in is what you expect.
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1. Read QOR Suggestions Summary

b o o o oo e e m oo o - +
| Suggestion Summary | Incr Friendly | Total |
focccocooccocoocccococoococoooo—ooooocooocoooooooo hocococcooocooooo Hhooscoooo +
| Total Number of Suggestions | 1 1 5 |
| Automatic | 1 1 4 |
| Manual | o | 11
| APPLICABLE_AT | |

| synth_design | 0 | 4 |
| opt_design | o | 0 |
| That overlap with synthesis suggestions | 0 | 0 |
| place_design | 1 1 1 |
| postplace_phys_opt_design | o | 0 |
| route_design | 0 | 0 |
| postroute_phys_opt_design | 0 | 0 |
focccocooccocoocccococoococoooo—ooooocooocoooooooo hocococcooocooooo Hhooscoooo +

9. Right-click on the implementation run and select Open Run Directory. Next open the
checkpoint file by double-clicking on top_placed.dcp. This step is necessary as we are
examining an intermediate run step in the interests of saving time.

10. In the new instance of Vivado tools, select Reports = Report QoR Suggestions ... and click
OK.
11. In the new report, you will notice that there are more sections under RQS Summary.
QoR Suggestions - 0O0ax
a =z s C «Q = £ |@ ApPLED
General ' ID «’| GENERATED_AT APPLICABLE_FOR AUTOMATIC Incremental Friendly DESCRIPTION
v R = Timing Sd
GENERATED B RAS_TIMING-44-1 synth_design synth_design Yes No Improve timing on critical path using RETIMING_BACKWARD p
APPLIED 3 RAS_TIMING-33-1 synth_design synth_design Yes No Improve timing on critical path using RETIMING_FORWARD prc!
v THmg % RQS_TIMING-27-1 synth_design Yes No Improve module level timing by using BLOCK_SYNTH.RETIMIM

RQS_TIMING-44-1 v
RQS_TIMING-33-1

Clocking

>
]
| synth_design
~
% RQS_CLOCK-9-1 v

synth_design place_design Yes Sub optimal Fvce on MMCM/PLL. Update MMCM/PLL settings t|

~ Clocking
RQS_CLOCK-3-1
RQS_CLOCK-1-1
RQS_CLOCK-15-1
~ XDC

ROS_XDC-1-1 < 5
ML Strategies are available only in 3 St el

| Reset Default || Export Suggestions ‘

e GENERATED - This is where new suggestions are listed
e EXISTING - These are suggestions that existed previously but are not applied (Not Shown)
e APPLIED - These are where suggestions that have been applied are listed

e FAILED TO APPLY - Suggestions where the design objects no longer exist and
consequently were not applied (Not shown)

Also note that the option to add to the project is not available when a checkpoint is opened.
You can still export a file but it is not added to a project.

12. Click APPLIED and select the details table for one of the items. For APPLIED suggestions, the
timing path summary is still available but it is not possible to cross probe to other views in

Vivado as some items may have changed.
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Step 5: Accumulating Suggestions

You can now review the newly generated suggestions and add them to the RQS file.

1. Click on GENERATED. RQS_CLOCK-15 is a message that reports the high THS paths but
does not provide an automatic suggestion. Therefore, we will focus on RQS_CLOCK-1-1. This
suggestion applies CLOCK_DELAY_GROUP to related clocks.

2. Click on RQS_CLOCK-1-1 to view the detailed report. In this report, you can see that there is
a high clock skew.

QoR Suggestions

Q T & @ ”4 Q RQS_CLOCK-A-1
»

~ Clocking “ PathType | Skew Slack Req Datapath Delay Cell% Route%  Source Clock Destination Clock Source Clock Topology Destination Clock Ty

RQS_CLOCK-8-1 HoLD | 0924 -1017 foooo o0.182 6150 38.50 clk_600_clk_wiz_0  clk_300_clk_wiz_0 INBUF IBUFCTRL MMCME4_ADV BUFGCE FDRE  INBUF IBUFCTRL M}
RQS_CLOCK-15-1

RQS_CLOCK-1-1

~ XDC
ROS_XDC-11 v < S

| Reset Default || Export Suggestions ‘

Clock skew is difficult to identify before place_design as the skew estimate depends heavily
on placement. As a consequence, RQS does not offer this suggestion unless a design is
placed. Whenever there is a change in information level, it can be worth running
report_qgor_suggestions. The following summarizes the changes as you progress
through the tool flow:

e Clocking estimates are accurate after place_design
e Congestion is available after placement and improves further after routing

e Timing estimates improve throughout the flow and are impacted by the number of paths
analyzed

3. Click Export Suggestions. When suggestions are exported, the APPLIED status is reset. All
the previous suggestions and the new RQS_CLOCK-1-1 are combined into one file. You can
overwrite the previous file and reuse the runs, or create a new file and runs.

4. Select the file location to overwrite the existing file. You can find out the location of this by
selecting it in the sources window. Alternatively, it should be at the following location if you
have followed the steps carefully <extract_dir>/Lab2/project_2/
project_2.srcs/utils_1/imports/project_2.

You are now at the point where you know the fundamentals in handling RQS files and
accumulating suggestions. If you have time, rerun implementation through to route_design and
examine the impact of the latest suggestion. Alternatively generate alternative suggestions by
running report_qor_suggestions ON your own design.
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Summary

In this lab, you used RQS to conduct a complex analysis of a demonstration design. You firstly
examined the reports that showed RQS provided recommendations to solve implementation
problems, then generated an RQS file and added it to a project implementation run. The Vivado
implementation tools executed these suggestions automatically for you. You subsequently
performed further analysis and generated further suggestions, accumulating them in the RQS file.
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Lab 3

Running ML Strateqgies

Introduction

The report_gor_suggestions command can generate an implementation design strategy
that is predicted to be optimal for the design using machine learning algorithms. In this tutorial,
you will look at:

e How to generate ML Strategy suggestions

¢ How to setup the implementation run to use ML Strategy suggestions

e Reporting specifics related to ML Strategies

Step1: Generating an ML Strategy RQS File

This step shows the process of opening a routed design with QoR Suggestions and generating a
new RQS file with strategies. For details on the design refer to Step 1: Understanding the Design.

1. In the Vivado Design Suite, go to File = Project = Open and select the project located in
<extract_Dir>/Lab3/project_2.

Eile Flow Tools Window Help

Project New..
en...
Op b
Open Recent »

Open Example...

Checkpoint "

P

2. In the Flow Navigator, click Open Implemented Design.

3. At the Tcl console, type report_qor_assessment at the Tcl console.
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4.

In the following Overall Assessment Summary table, you will see Flow Guidance. This table
helps to identify good candidate designs to use ML Strategy suggestions. In this case, it is not
a good candidate as it is the constructed design from lab 2 and the flow guidance
recommends to further improve the design using QoR Suggestions.

1. Overall Assessment Summary

o T e +
| QoR Assessment Score | 2 - Implementation may complete. Timing will not meet |
Fommmmm e e et e +
| Flow Guidance | Run report_methodology and fix or waive critical warnings |
LT e ittt it T e +

Whilst this design is not recommended for ML Strategies, this does not prohibit it from being
used. The reason this design is not recommended, is down to the large timing violation.

Further down the report in table 4 is the ML Strategy Availability table. This table details the
required directives for the reference run in order to generate strategies.
4. ML Strategy Availability

e T — R —— +
| Conditions for ML Strategy Availability | Value | Status |
e T — - —— +
| opt_design directive | Default | oK |
| place_design directive | Default | oK |
| phys_opt_design directive | Default | oK |
| route_design directive | Default | oK |
e T — - —— +

* opt_design can be Default or Explore
** gther commands must have the same directive as each other. Either Default or Explore

The status for all directives must be "OK" in order to generate strategies. In summary the
requirements are:
e opt_design directive must be either Default or Explore

e place_design, phys_opt_design and route_design must be the same as each other and be
either set to Default or Explore

In the Design Runs window, confirm the strategy is Vivado Implementation Defaults. The
above requirement is met when a design has been run with either the Vivado Implementation
Defaults or Performance_Explore strategy.

From the pull-down menus, select Reports = Report QoR Suggestions ..., and click OK.

In the QoR suggestion report, select GENERATED. Here you will see 3 new strategies
generated but they are not selectable. Strategy generation is currently only available using Tcl
and for this reason they are not selectable.
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10.

Lab 3: Running ML Strategies

‘QoR Suggestions -0O0a x
a =2 cC +Q I £ GENERATED
General '\' D W) GENERATED_AT APPLICABLE_FOR AUTOMATIC Incremental Friendly ~DESCRIPTION
~ RQS Summary ~ = Clocking v
GENERATED ¥ RQS_CLOCK-1-1 Z route_design place_design Yes No Critical paths with high clock skew due to sub-optimal clock roots.
EXISTING v Strategy
APPLIED 0 RQS_STRAT-66-1 route_design none No No ML Strategy suggestion to improve timing
~ Timing 0 RQS_STRAT-12-1 route_design none No No ML Strategy suggestion to improve timing
RQS_TIMING-33-1 0 RQS_STRAT-23-1 route_design none No Mo | ML Strategy suggestion to improve timing
RQS_TIMING-44-1 ¢ 5
| Reset Default | ‘ Export Suggestions | | Add Suggestions to Project ‘

Select RQS_STRAT-66-1. Here you can see the details of the strategy being recommended. It
is possible to see the details of the strategy suggested. It would be possible manually set
these up as shown but in order to automate the process more easily, the recommended flow
is to read an RQS file containing strategies, and set the directive to RQS on the
implementation commands.

Q x & ¢C

RQS_CLOCK-8-1

_oax
4 O RQS_STRAT-66-1
»

“  Command Options

RQS_CLOCK-1-1 opt_design -merge_equivalent_drivers
~ XDC opt_design -directive Explore
ROS_XDC-1-1 place_design ~directive AltSpreadLogic_high
~ Sirategy - phys_opt_design  -directive AggressiveExplore

RQS_STRAT-66-1 route_design
RQS_STRAT-12-1

RQS_STRAT-23-1 v

-directive NoTimingRelaxation

| Reset Default H Export Suggestions || Add Suggestions to Project ‘

At the Tcl console, ensure you are in a suitable writable directory. This can be at the same
level as the project. Also, issue the write_qor_suggestions command to write out the
suggestions as shown in the following example.

file mkdir <extract_Dir>/Lab3/project_2/ML_STRAT
cd <extract_Dir>/Lab3/project_2/ML_STRAT
write_qor_suggestions -strategy_dir ./

This writes one RQS file per strategy. Each RQS file also contains all of the other suggestions
that are not strategy suggestions. This ensures you can use all the other QoR suggestions and
the tools do not get confused which strategy suggestion they should select.

Step

2: Creating ML Strategy Runs

In this step we will use the files generated to create ML Strategy project based runs.

1.

UG938 (v2020.2) February 4, 2021
Design Analysis and Closure Techniques

Examine the contents of the ML_STRAT directory

Name Date modified Type Size

[ impl_2Project MLStrategyCreateRunltcl 25 6:49 TCL File 2k
[ impl_2Project MLStrategyCreateRun2.tcl TCL File 2kB
[& impl_2Project_MLStrategyCreateRun3.tcl TCL File 2k
[} impl_25uggestionFilel.rgs ROS File 6KB
[ impl_25uggestionFileZ.rqs ROS File 6KB
[ impl_25uggestionFiled.rqs ROS File 6KB
[ NonProject MLStrategyCreateRun1.tcl TCL File 1KB
[Z NenProject_MLStrategyCreateRun2.tcl TCL File 1KE
[Z NenProject_MLStrategyCreateRun3.tcl TCL File 1KE
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You can see the following contents:
a. 3 xRQS files
b. 3 x Project based Tcl scripts

c. 3 x Non project based Tcl scripts

Lab 3: Running ML Strategies

The RQS files are common for both project and non project flows. The non project scripts are
examples of how to use the RQS file. The project based scripts can be sourced. Each of the 3
scripts references one of the RQS files. All three should be sourced.

2. Source each of the project based Tcl files. Each will create a run in the Design Runs window,
setup the RQS file and set the directives to RQS. The run options will be copied from the

reference run.

source ./impl_2Project_MLStrategyCreateRunl.tcl
source ./impl_2Project_MLStrategyCreateRun2.tcl
source ./impl_2Project_MLStrategyCreateRun3.tcl

3. In the Design Runs window, select impl_2_ML_Strategy_1.

Design Runs
Q = = >
Name
v of synth_2
« impl_2 (active
impl_2_ML_Strategy_1

» + %
Constraints Status WNS  TNS

synth_design Complete!

WHS  THS
OriginalConstraints
OriginalConstraints  route_design Complete, Failed Timing!
Not started

Mot started

OriginalConstraints

impl_2_ML_Strategy_2  OriginalConstraints

impl_2_ML_Strategy_3  OriginalConstraints Mot started

<

-1.268 1527.661 0.000 0.000 0.000

TPWS Total Power Fi

0.980

>

4. In the Implementation Run Properties window, select the Properties tab and confirm that

RQS_FILES is set.

5. In the Implementation Run Properties window, select the Options and confirm the directive

is set to RQS for each for the commands.
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Implementation Run Properties ? 0O & X
impl_1_ML_Strategy_1 s O o
ot

Incremental Implementation: Mot set

Strategy: Ia Vivado Implementation ... H

Description: Default settings for Implementation.

*~ Design Initialization (init_design)
tcl.pre
tcl.post
~Opt Design (opt_design)
is_enabled [v]
tcl.pre
tcl.post
yarhosa ]
" -directive® ROS ad
Maore Options
~ Power Opt Design (power_opt_design) w

General Properies Options Log Reports Messages

C1E

CI1CE

You are now setup to run with ML Strategies. Once you have an ML Strategy file, you cannot
generate new strategies after design changes but you can add other suggestions.

6. You are now ready to launch the runs. Select all the ML Strategy runs, right-click, and select
Launch Runs.... The runs will now complete like a standard run.

Summary

In this lab, you used report_qor_suggestions to generate ML Strategies. Then created the
RQS and Tcl files using write_qor_suggestions. Finally you sourced the Tcl to setup the ML
Strategy runs and confirmed the key aspects of how to setup an ML Strategy run.
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Appendix A

Additional Resources and Legal
Notices

Please Read: Important Legal Notices

The information disclosed to you hereunder (the "Materials") is provided solely for the selection
and use of Xilinx products. To the maximum extent permitted by applicable law: (1) Materials are
made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS ALL WARRANTIES AND
CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY
PARTICULAR PURPQOSE; and (2) Xilinx shall not be liable (whether in contract or tort, including
negligence, or under any other theory of liability) for any loss or damage of any kind or nature
related to, arising under, or in connection with, the Materials (including your use of the
Materials), including for any direct, indirect, special, incidental, or consequential loss or damage
(including loss of data, profits, goodwill, or any type of loss or damage suffered as a result of any
action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx
had been advised of the possibility of the same. Xilinx assumes no obligation to correct any
errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials
without prior written consent. Certain products are subject to the terms and conditions of
Xilinx's limited warranty, please refer to Xilinx's Terms of Sale which can be viewed at https:/
www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and support terms contained
in a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe or
for use in any application requiring fail-safe performance; you assume sole risk and liability for
use of Xilinx products in such critical applications, please refer to Xilinx's Terms of Sale which can
be viewed at https:/www.xilinx.com/legal.htm#tos.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING

UG938 (v2020.2) February 4, 2021 send Feedback www.xilinx.com
Design Analysis and Closure Techniques L/—] 50


https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com/legal.htm#tos
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Tutorials&docId=UG938&Title=%20Vivado%20Design%20Suite%20Tutorial&releaseVersion=2020.2&docPage=50

iv Xl Ll NX Appendix A: Additional Resources and Legal Notices
A ®

OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY TO
APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

Copyright

© Copyright 2012-2021 Xilinx, Inc. Xilinx, the Xilinx logo, Alveo, Artix, Kintex, Spartan, Versal,
Virtex, Vivado, Zynq, and other designated brands included herein are trademarks of Xilinx in the
United States and other countries. All other trademarks are the property of their respective
owners.
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