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Design Closure Sessions \
|

» Session 1
Methodology, tips, and tricks for achieving better Quality-of-Results

» Session 2
Using Timing Closure Assistance tools to address tough timing issues

» Session 3
Power Constraints, best practices for an accurate Report Power estimation
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Agenda L
|

» Shorter Design Cycles with QoR Assessment

» Fewer Iterations and Quicker Analysis with QoR
Suggestions

» Versal and Vitis

» Full Automation using 12 Flow
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Shorter Wasted Design Cycles

Report QoR Assessment (RQA)

Vivado Implementation Run

==k o

Keep going... Keep going...
This is looking This is looking
good! good!
Time
8 hrs
- Run at any stage
. reportimethodology —file methodology.rpt
) Scorlng 1 Bad/5 GOOd jz;giii;gi_assessment —file postopt rqga.rpt
- Score is based on best metrics available at the time place design

report gor assessment -file postplace rga.rpt

- Opt — Netlist / Utilization / Estimated Netlist Timing
- Place — Accurate clock skew, congestion picture available

route design
report gor assessment —-file postroute rga.rpt

& XILINX.
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QoR Assessment and Next Step Guidance
report_gor_assessment (RQA)

Assessment Scores

! Implementation will fail
2 Timing will falil

3 Timing difficult

4 Timing fair

5 Timing easy to meet

Rule of thumb:
Est. +/- 1 from final score

ML Strategy Availability

« Tracks implementation
directives for strategy

generation
S

1. Overall Assessment Summary

Flow Guidance

e et +

| QoR Assessment Score | 2 Implementation may complete. Timing will not meet |

e o + . .

| Flow Guidance | Bun report methodology and fix or waive critical warnings | \ What IS the beSt thlng to do next’?
e o +

2. QoR Assessment Details

_________________________ * Review Methodology

e R o o TS R + 7 ° I p d g i g RQS
| Hame | Thresh | Actual | Used | &vaila | Status | m rove eSI n USIn
S I oo FRR PR I + H
T — | | | . | | * Run ML Strategies
| SLRs - 1 | | | | | |
[ Registers | 50.00 | 51.79 | 447444 | 364000 | REVIEW | ° Run Incremental FIOW
I Control Sets | 7.50 | 10.13 | 10936 | 108000 | REVIEW |
| Clocking | | | | | |
|  Setup Skew | -0.350 | -0.720 | - - | REVIEW |
|  Hold Skew | 0.350 | 0.410 | I - | REVIEW |
| Congestion | | | | | | = .
| Numker of Level 5 | | | | | | A D I
I Global [ ol 4| I | REVIEW | Ssessment etal S
| Short | a 11 | | REVIEW |
| Timing | | | | | |
| WHNS | -0.100 | -8.628 | I | REVIEW |
| s | “oo00 | -1esiss | | | REVIEW | * [tems marked as REVIEW
| WHS | -0.500 | -0.571 | I | REVIEW |
| TIHS | -0.500 [-2291.43 | I | REVIEW | 5
S ER— TR FR— pommmm e ER— + score <
-

4. ML Suracegy Availsbilicy « Compare Score + Threshold +
Actual

- oo Fommmm o +

| Conditions for ML Strategy Lvailability | Value | Status | S. I.f. d 2020 2

| Condivions for ML Strategy Availabilicy | T | S |  Simplifie .

| opt_design directiwve | Explore | OK

| place_design directiwve | Explore | oK hd ClOCk SkeW CheCkS

| phys_opt_design directiwve | |
| route_design directive

* Multi checks

** pther commands must hawve the same directive as each other. Either Default or Explore -
& XILINX.
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* opt_design can be Default or Explore



Using Report QoR Assessment

ar resis) ' Tap tap
FO=64
ck [ c FO=1
apis0] [ o], @ tap.
< regitol New solution
RTL_REG =
FO=64
FO=1 C[31:0]
b_r_reg[15:0] c0i
10[15:0] -
FO=64 .\ 0Bt
o TS g llre 1150 MLRES
br15:0] D = RTL_MULT
a_r_reg[15:0] ck [ y
* D Fossa [ ari 9_r_req[15°0]
Fo=1 a Mot o[150] Sere1 10[15:0] s Ff: o o e
atso D 0 i s e S 5
RTL_REG Cregi3t:0] < rRTL_MuX R Reo chﬁreg [31:0]
FO=64 c FO=1 .
FO=1 c[31:0] g f 1 reg[150] [ el P c[31:0]
bLreono 0 10[15:0] FO=84 (150 0[31:0]
Fos64 | ot ”[150]( . 0[31:0] (12 p— DC Q Fo=1 11]15:0] RTL_REG
b15:0) [— b a = ol RTL_REG al150] Do tousa 50] RTL_MULT
. e[15:0] D_ S=default _11[15:0] RTL_REG
RTL_REG sel [ 5| RTL_MUX
g
1. Overall Asssssment Summary 1. Overall Assessment Summary
e o + T T T
QoR Assessment Score | 1 - Implementaticon will not complete. | | QoR Lssessment Score | 3 - Design runs have a small chance of success |
—————————————————————— 4 ______} -t ———————}
| Flow Guidance | Tr¥ running report_Jor_suggestions and fix items marked REVIEW | | Flow Guidance | Try running report_gor suggestlons and Iix items marked BEVIEW |
+-—-— +-—- + e e +
2. QoR Rssessment Details 2. QoR Rssessment Details
e P— — - e T T : - Ho—m o : T
Hame | Thresh | Actual ||Used | Availa | Status | Name | Thresh | Actual ||Used | Rwaila || Status |
- e e + + e - o H-—— e - +
Utilization | | | Timing | | | | | | -
DSPs | 20.0 | | WHS | -0.100 | | ._j\‘ﬁ\)l
e ——— ——— + - o e s | 2

No can do!

perfect but
| can work
with this

& XILINX.
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Automated Design Improvements

report_qgor_suggestions (RQS)

» Automates the analysis and resolution of issues

that lower QoR
- Simplify timing closure + higher QoR

Effort Level Required
Without ~
Automated ~
Assistance .~
e
7
//  with
F e Automated
e Assistance

Logic Performance

- Implement => Analyze => Rerun w/ Fix
- QOoR focused

- Focus on Internal FPGA timing

- V. Limited XDC Constraints

= No IO timing/HLS/IP/Power Optimization/Runtime
= 75% impl / 25% synth

- Applies mostly properties and occasionally switches

50

40

30

20

1

=]

» QoR Gain

% Geomean QoR Improvement on all Clocks

O‘I.l\

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

© Copyright 2021 Xilinx

Best case — 40% gain

Clocking Sync CDCs + Safe clock startup + Congestion
Typical case — 4 - 12%

Smaller congestion + placement + timing path issues
Last mile case < 2%

Most difficult — Timing path / placement issues

& XILINX.



Automated QoR Suggestions
report_gor_suggestions (RQS)

/ Reference Run \ 4 report_qor_suggestions\ read_gor_suggestions
* Generate NEW * Read RQSfile
synth_design ’ suggestions * Typically before synth / opt
— * Report on all
4 \_ suggestions Y, / Suggestion Run\
opt_design

l, synth_design ’

place_design write_qor_suggestions
- « ENABLE suggestions

"’ *  Writes RQSfile opt_design

route_design
\& Z

P

.

place_design
‘. get_qgor_suggestions N . 4
« filter {CATEGORY==Clocking} \_ route_design 1/
* ENABLED
* AUTOMATIC delete_qor_suggestions
* 80% of suggestionsare AUTO * Removes suggestions from memory

\' List specific suggestions for —of_objecy
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Best Use of QOR Suggestions

» GENERATED_AT
- Post opt

Accurate utilization numbers
Netlist based timing checks
Repeatable

- Post place
Accurate clock skew numbers
- Repeatable
Initial congestion picture

Timing issues due to
placement

- Run dependent

- Post route
Accurate congestion picture
Fully routed timing paths

Run dependent

» Optimal Strategy

- Early when design is new or
modules are added

After opt / place resolve basic issues

- Later phases best run during
design closure

After route_design is enough

» Simple Strategy

- Run after route design

v
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RQS — Synthesis

Retiming Suggestions

» 3 Retiming suggestions
- Can overlap

» RETIMING_FORWARD / BACKWARD

QoR Suggestions
Q = =

General

c

~ RQS Summary
GEMERATED

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

v XDC
< >

-0 a X

40 = £ O GENERATED
"} D [v] APPLICABLE_FOR AUTOMATIC DESCRIPTION
~ = Timing 3] My
@ RAS_TIMING-33-1 IZI synth_design Yes Improve timing on critical path using RETIMING_FORWARD property.
¥ ROS_TIMING-44-1  [v] synth_design Yes Improve timing on critical path using RETIMING_BACKWARD property.
0 ROS_TIMING-27-1 [+  synth_design Yes Improve module level timing by using BLOCK_SYNTH.RETIMING property.
v XDC vl $i
v ¢ >
ML Strategies are available only in default/explore at successfully routed design.

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

- 2020.1

clk300_to_clkB00_fis_i

FO=E015
-

FO=Z008
-

- Failing path targeted

B C
CE

- Moves logic by 1 logic level o]

expanded sigd_reg[1932]

FOml

» BLOCK_SYNTH.RETIMING
- 2020.2

QU190 F 5

bit_reducer_i
tmp_r_i_217
- - RETNIMING BACKWARD=A
=o_‘tmp_r_|_37 o Al Dt = et et
0 —
A tmp r i 7
I_ I o Fomi :0-1 W0
i s N7 tmp_r_i_2 ‘
I_ B =O-1_ Iz o o= Fliml 7]
A5 -l ™ BY tmp_r_i_1 tmp_r_reg
T Fa- ) Fo=1_] 2 o FO=1 Q=1 ) =cn-nsm§_‘c
™ el = o= o= o
1 TUT6 Fa-id i Y L=l coodp OF
’ S o= ] sl o
(=10}
LUTS - K
FDRE
LUTS
bit_reducer_ sblockDup__ 1

T =y

- Limits logic levels for entire module
- Harder to predict final outcome

10
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- —— )

BLOCK SYINTH.RETIMING
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QoR Suggestions — Implementation

Congestion and Clocking

» 2020.2 - Congestion Strategy

1. First ensure clocking + utilization is
optimal

2. GT clocking issue
3. Focus on edge of die / PS corner
4. Largest congested area (2020.1 top item)

» RQS_CLOCK-8
- Optimize CLOCK_ROQT for Sync CDCs

- Shortens clock tree length and reduces
uncertainties

- Lower priority than
CLOCK_DELAY_GROUP suggestion

WNS=20'677

11 © Copyright 2021 Xilinx

WNS=20*397
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ML Strategies and Last Mile Timing Closure

» ML Strategies

/ Reference Run
[ opt_design—directive
<Explore| Default>

place_design —directive
<Explore| Default>

phys_opt_design—directive
<Explore| Default>

&

route_design—directive
<Explore| Default>

\

~/
- Strategy that is optimized for your design

[ report_qor_suggestions ]

write_gor_suggestions
-strategy_dir <dir>

]

QS Strategy #iHJ

_/

=

Project / Non Project Run

—[ read_qor_suggestions ]

a

opt_design—directive RQS

a

place_design—directive RQS

.

phys_opt_design—directive RQS

«

\ route_design —directive RQS /

- 7% gain over Default directive

- 3-4% over Explore directive
- Training run requirement
- Opt design directive Default or Explore

- Place_design, phys _opt_design and route_design

- All Default

12

- All Explore

» Last Mile Timing Closure

Reference Run

7

read_gor_suggestions

"

opt_design —directive <RQS| | other>

.

route_design

5

phys_opt_design

+

]\ ( report_qor_suggestions

write_qor_suggestions

/ Last Mile Run \
[ read_gor_suggestions J

opt_design —directive <RQS| |other>

e

e e ——

/ Reference Checkpoin

N

read_checkpoint-incremental

¢

place_design

a

phys_opt_design

\ route_design /

¢

- Success is not guaranteed

© Copyright 2021 Xilinx

20% success

- Suggestions impact worst case paths

- Design WNS < -0.100

Possible

- Design WNS < -0.450

& XILINX.



Versal, Vitis and DFX

» Versal XILINX

- Support for RQA/ RQS VERSAL

- Suggestions and training is limited but does scale well from Usc+

- Clocking suggestions specific to Versal
- ML Strategies + Last mile
- Work in progress

) Vitis XILINX

- Vitis designs performing well with RQS VITIST

- Not natively supported, work in Vivado project

» DEX

- 2020.2 Added —cell support to RQA and RQS
- Needs to be called manually — Auto 2021.1

- 1 cell at a time

13 © Copyright 2021 Xilinx iA Xl LINX



12 Flow Detalils

» Stage 1 — Design
Optimization

Utilization Refinement

Clocking Optimization

Post
Synthesis

Early Netlist Based

DCP Timing Path Solving

Congestion Resolution

Timing Path Solving

Multiple impl runs sequentially

Applies QoR Suggestions
in optimal order

Steps can be bypassed

14

» Stage 2 — Tool Option
Exploration

ML Strategy # 1

=) =)

ML Strategy # 2

ML Strategy # 3

Up to 3 ML Strategy runs in parallel

Will skip stage if last mile is better fit

© Copyright 2021 Xilinx

» Stage 3 — Last Mile

Timing Closure

Aggressive Incremental
on best run

Single pass TimingClosure
Incremental mode

Uses Incremental Friendly
QoR Suggestions

Post route phys opt design

& XILINX.



I’Flow: Customer Designs

» Customer Design
- Baseline WNS -1.354

Good improvement

| 12 (Intelligent x Iterativ Flow Summary |
$escsscssssnsssnssnnsnnnns $escsnsecssnasssnsases $esesssssssnsssniiccncscacsnnnans #escsssncssanss #ecsnsssssssssssanssanssansnnns $esssanas +
| I2 Flow Stage | 12 Flow Step | | Route-Status | Suggestions & Strategy files | Status |
R Fr--eeeemeeesee v L N L Fomcennaa +
| RQS Design Improvements | First Pass | -1.354 | 2 | Routed | - | - |
| RQS Design Improvements | Utilization | | - | | - | |
| RQS Design Improvements | Clockling | - | | - | - | - |
| RQS Design Improvements | Congestion | -9.409 | 3 | Routed | - | |
» L_BQS Design Improvements | Timing -0 388 | 3 | Routed | timing_step.rqs | - |
| Expand Placer Solution | ML Strategy-1 | -©.215 | 3 | Routed | strategy_stagel.rqs | - |

— p|| Expand Placer Solution | ML Strategy-2 | -0.024 | 3 | Routed | strategy_stage2.rgs | - | BEFORE AFTER
Expand Placer Solution | ML Strategy-3 | _-0.464 | 3 | Routed | strategy_stage3.rqs | - |
—» | Last Mile | RQS-Inchtal | ©.008 | 5 | Routed | incr_stage.rqs | - |
b il R Mool b i P TSy P .

3 Strategies predicted
Improves hit rate
Run in parallel

)0

-
N
<
S
1 Ba)
2

4

15 © Copyright 2021 Xilinx . XILINA.




12 Flow — QoR numbers

» Significant QoR gains
- > RQS /ML alone

i’Flow - % QoR Improvement

120

100

» QOR Measurement E
- Default WNS — baseline
- 100% = Timing closure : ‘ ‘ ‘ ‘ |
0 | | | | ‘ ‘ | ‘ I I |

10 11 12 13 14 15 16 17 18 19 20 21 22 25 24 35 26 27 28 29 30 31 32 33 34

=]

=]

=]

=]
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NI — EA Partner

» NI

- Improve RQS nl

- 12 Flow EA Partner
- Robert Atkinson Engineer
Ambitiously.™

17 © Copyright 2021 Xilinx (A Xl LINX
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Engineer
Ambitiously:
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NI equips engineer
and enterprises Wlt_h

productivity,
Innovation,
and discovery.



If.l ni.com
NI SOFTWARE-CONNECTED SOLUTIONS

ENABLING INNOVATION AND PRODUCTIVITY ACROSS THE PRODUCT DEVELOPMENT CYCLE

~

Research i Design and Validation Production Deployment and
: | : Maintenance

ENGINEERING EXPERTISE

NI Services NI Partner Network
Software Hardware  Education Consulting + Integration Solutions  Integration Distribution/Resell

Ple
K\_




PXle-1092

MODULAR HARDWARE

Industry-Leading
Hardware to Fit
Your Needs

The industry's broadest portfolio of products for
automated test and automated measurement is:

* Best-in-class, precise, and accurate,
from a trusted provider

« Scalable and flexible to adapt quickly to
your evolving test and measurement needs

« Highly configurable and software-connected
SO you can get your job done in a
timely manner
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Optimization Project & Complexity

FPGA ource nc
mizati o o o |, | e
Optlmlzatlon 250 MHz OMA 1 40/100!125!133MH2
= Cost ar\d power optimization to eX|.st|n_g system element - o i o avetom |.[ o L[ JESD H o
= Stuff Kintex UltraScale KU115 design into KUO85 X0 e T L | 2048
* Increased compilation_ difficulty | DDR4 g Xiinx | Waveform L pep 1 JESD P DAC
= Fewer resources in smaller device .
= KU115 already challenging to meet timing (Success rate Generated
~25%)

- 0)
KUOB85 success rate falls to 0% Site Type Utilization %

KU085 KU115
LUTs 60.7 45.7
Registers 45.6 34.2

Complexity:
e 76 routed clocks
* Wide interfaces caused by PCle and DDR

« Heavy DSP & RAM usage Block RAM 66.5 49.9
DSP48E2 81.3 60.4

ni.com
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NI Build Goals

= Empower software team members to change and compile the FPGA themselves

= Need minimal cycle/compile time to keep team efficient
= |deally one optimal set of directives can be found

= |ncrease build success rate

= Minimal Vivado knowledge should be needed by team to be successful
= Avoid floor-planning in software-configurable portion which requires detailed FPGA
knowledge, too

ni.com




nl
Fit Challenges

= |Lower SLR contains all user IO and MGTs due to
package selected

= PXI form factor often requires smallest package Unper
with ~100% |/O utilization SI,DER ]

= Upper SLR used only for logic

= Upper SLR consistently appears underutilized
compared to lower SLR
Lower |

= Congestion in DDR4 and PCle, and the interaction SLR
with DSP causes most timing problems

ni.com
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ni.com

RQS Results

RQS helps with congestion:
High MUXF* and CARRY usage leads to congestion

MUXF_REMAP and CARRY_REMAP properties use LUTs instead

Synthesis replication creates overlapping equivalent nets

Set EQUIVALENT_DRIVER_OPT property to merge drivers

LUT-combining too aggressive - additional LUTs can space out
design

Reset SOFT_HLUTNM property to separate LUTs of interest

RQS also helps with Clocking and Timing suggestions
Generate RQS file and import into Vivado project

Applies properties only where needed during opt_design




1l
RQS Result

= Met timing on first attempt after including generated RQS file!

=  QOptions moving forward:
= Integrate RQS flow into our automated build flow
= Requires internal development cycle to enable which will take too long
= Port QoR suggestions manually to XDC
= Extensible to earlier Vivado versions
= Less flexible as design and floorplan changes
= Automatic build flow optimization and RQS utilization highly desirable
= Enter the |12 flow!

ni.com




N
12 Flow

= |terates through optimization techniques

= Machine Learning algorithms choose implementation strategies
= Last Mile timing closure uses incremental improvements

= ~6X Increase in compile time when all 12 stages run

= Closer to meeting timing than we had ever been before!

= Processing time much cheaper than human effort optimizing flow

Second Design WNS TNS Time

Stage 1 Optimization -0.530 -564.3 54 hours
ML Strategy 1  -0.852 -1560.7 13 hours

Stage 2 ML Strategy 2  -0.460 -35.279 9 hours

ML Strategy 3  -0.100 -1.109 10 hours

Stage 3 Last Mile -0.006 -0.006 12 hours

ni.com
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12 Flow ML Strategies

= Optimal strategies could take a long time to discover by trial and error

Strategy opt_design place_design phys _opt_design route_design
#1 -merge_equivalent_drivers ExtraNetDelay low

Explore _ . .
#2 ExploreWithRemap EarlyBlockPlacement AggressiveExplore  NoTimingRelaxation
#3 ExploreSequentialArea  Explore

= Winning strategies coupled with the best optimizations found can be used again outside the
12 flow to increase compile cycle time while improving success rate

= Strategies are only used when timing not sufficient to jump straight to last mile step

ni.com
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Summary

= After months struggling to close timing, Vivado’s QoR suggestions, ML strategies, and 12
flow have done so which opens the door for forward progress for us

= For day-to-day compiles, RQS integration has boosted our productivity by reducing the
overall compile time by increasing the success rate

= For very challenging timing issues, the 12 flow is a push-button way to be really aggressive
and achieve timing closure

= The I2 flow is invaluable for determining a successful build strategy without a trial and
error based full solution space search

ni.com




More Resources and Feedback

» Documentation
- UG906: Design Analysis and Closure Techniques

https://www.xilinx.com/content/dam/xilinx/support/documentation/sw manuals/xilinx2020 1/ug906-vivado-design-analysis.pdf

- UG938: Design Analysis and Closure Techniques Tutorial

- Lab 2: Increasing Design Performance using Report QoR Suggestions

https://www.xilinx.com/support/documentation/sw manuals/xilinx2020 1/ug938-vivado-design-analysis-closure-tutorial.pdf

» Blogs
- QOR Suggestions

https://forums.xilinx.com/t5/Design-and-Debug-Techniques-Blog/Improving-QoR-with-report-gor-suggestions-in-Vivado/ba-p/1033308

- QOR Assessment
https://forums.xilinx.com/t5/Design-and-Debug-Techniques-Blog/Using-the-Report-OoR-Assessment-Command/ba-p/1110761

- Feedback

- Try the commands + reply to these blogs with your experience...we will monitor

30 © Copyright 2021 Xilinx
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https://www.xilinx.com/content/dam/xilinx/support/documentation/sw_manuals/xilinx2020_1/ug906-vivado-design-analysis.pdf
https://www.xilinx.com/support/documentation/sw_manuals/xilinx2020_1/ug938-vivado-design-analysis-closure-tutorial.pdf
https://forums.xilinx.com/t5/Design-and-Debug-Techniques-Blog/Improving-QoR-with-report-qor-suggestions-in-Vivado/ba-p/1033308
https://forums.xilinx.com/t5/Design-and-Debug-Techniques-Blog/Using-the-Report-QoR-Assessment-Command/ba-p/1110761

Call to Action

@ Eliminate wasted full design cycles with Report QoR Assessment

@ Get > 10% QoR gain using Report QoR Suggestions

<3> Post feedback to us using the blog link

3 © Copyright 2021 Xilinx iA Xl LINX



ML-based Implementation Strategies

» Automatically identify top 3 strategies to improve QoR

/ Reference Run \ / Project / Non Project Run \
opt_design—directive [ report_qgor_suggestions ] [ read_gor_suggestions ]

<Explore| Default>

- |

ﬁ

opt_design—directive RQS
place_design—directive

<Explore| Default>
.' place_design —directive RQS

write_qgor_suggestions
-strategy_dir<dir>

“

{1

- ‘
phys_opt_design—directive RQS Strategy #1 ‘

<Explore| Default> phys _opt_design—directive RQS

route_design—directive route_design—directive RQS
<Explore| Default> / \ /

32 © Copyright 2021 Xilinx iA Xl LINX
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Last Mile Timing Closure

» For designs that have nearly closed timing

/ Reference Run \ L S SRR f Last Mile Run \
[ read_qor_suggestions ] + —v[ read_qor_suggestions ]
' write_qor_suggestions

opt_design —directive <RQS| |other> | Pre\CJj"QUSWapp't'eld opt_design —directive <RQS| |other> |
and incrementa

friendly suggestions
| »  read_checkpoint-incremental

« !

-

“
i

route_design place_design

.
.

phys_opt_design }: - . phys_opt_design

Reference Checkpoint
K route_design /

33 © Copyright 2021 Xilinx (A Xl LINX
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