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So Far...

 FPGA and its architecture

« Registor/Flip-Flops, LUTs/Logic Cells, DSP, BRAMs

» Clock Fregquency, Latency

» Extracting conftrol logic & Implementing |/O ports
* Parallelism in FPGA

« Scheduling, Pipelining, DataFlow
* Vivado HLS

* Infroduction, Setup

Today:
* Vivado HLS hands-on with an examples:
« Using GUI, CLI
« Review output reports (C-Sim, C-Synthesis)
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Reminder: Steps to follow

« Step-1: Creating a New Project/Opening an existing project
A(vmes . E— localhost:5901 (cmstrigger02.hep.wisc.edu:1 (varuns)) - VNC Viewer
- Step-2: Validating the C-source code . .
:
. . VIVADO"™ XILINX.
. Step-3: High Level Synihesis
ogeo ° ¢ ' /?
- Step-4: RTL Verification = 15 O E

Step-5: IP Creation . . -
i m W @

Tutorials User Guide Release Notes Guide
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CI’GOTIHQ prOJeCT Eg.: lec5Ex]

% Activities [l Vivado HLS 2020.1 ~ Tue 05:03 @ % Activities [l Vivado HLS 2020.1 ~ Tue 05:05 @

! 5 |l |Vivado HLS Welcome Page 2 = = ! 5 |/ |Vivado HLS Welcome Page = &

New Vivado HLS Project X | ] New Vivado HLS Project X

o AVAAV/A\D{ 2cc/remove Fites +E// LI NX il AVAAV/A\D]{ cc/remove Files +%A§// LI NX

8 Add/remove C-based source files (design specification) 8 Add/remove C-based testbench files (design test)

TestBench Files

Top Function: | lec5Ex1 Browse...
Design Files ga/lec4Ex1 L bl ga/lec4Ex1
: ec5Ex1_out_rel
= v Add Files... ey - lecSEx1_test.c New File...
\ R New File \’ Add Folder...
Create New Project ) | Create New Project

=
=)

Tutorials Tutorials

< Back Next > Cancel < Back Next > Cancel
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Selecting device

% Activities

Ml Vivado HLS 2020.1 ~

Eg.: lec5Ex1

Tue 05:08 @ #% Activities [l Vivado HLS 2020.1 ~ Tue 05:09 @
Device Selection Dialog X Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1)
File Edit Project Solution Window Help
. «_Vivadolj‘ Select: | «p Parts || [ Boards ‘ = 8 2 ® m e R BRSO P i~
%5 Debug Synthesis & Analysis
. Vl i {5 Explorer &3 $ = 0
Product Category: All v | Package: All v Sl =
J Family: All v | Speed grade: All v » wincludes
| v S Source
Sub-Family: All v | Temp grade: |All v [&ilec5Ex1.c

| Reset All Filters
|

Create

Search: v ' xc7k160| (36 matches)

Aintex-/

Al | WPXC/KLOUTIDg484-3 Dg4s4 -3 £935U  LUL4UU  2UZ8UU 9
| a@xc7k160tfbg484-2L Kintex-7 fbg484  -2L 25350 101400 202800 €

wwxc7k160tfbg484-2 Kintex-7 fbg484 -2 25350 101400 202800 6
j wxc7k160tfbg484-1 Kintex-7 fbg484 -1 25350 101400 202800 6
1 Cancel

v fiy Test Bench
wlecSEx1_out_ref.dat
| lec5Ex1_test.c
v ¢=solutionl
» # constraints

@ Console 2 . @] Errors
Vivado HLS Console

5 Warnings % &l

lec5Ex1

o ©®
8= Outlin 2

(14 Directi

An outline is not available.

=

=]

A4

Target Device: xc7k160ifbg484-2
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Se‘eCﬂng de\/ice Eg.: lec5Ex]1

®% Activities [l Vivado HLS 2020.1 ~ Tue 05:08 @ #% Activities [l Vivado HLS 2020.1 ~ Tue 05:09 @

Device Selection Dialog X Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1) X
d File Edit Project Solution Window Help

= »_Vivadol-j Select:| o Parts || [l Boards = & =] X RE@®l % @5 ' A4 v 6 1 &

%5 Debug |s | Synthesis 6 Analysis

G Filt

. [t Explorer 83 $ = 0 g= Outlin 32 {4 Directi = 8 |
€ lec5Ex] = 0 -
o |
1.Product Category: General Purpose > Sincuces RA—

v £ Source

2.Family: Kintex®-7

v s Test Bench

3.Sub-Family: Kintex-7

4.Package: fbg484
5.Speed Grade: -2

6.Temp Grade: All
g

B Console 88 @] Errors| & Warnings % bf IR Al = 8
1 Cancel

Vivado HLS Console

lec5Ex1

Target Device: xc7k160ifbg484-2
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C-Simulation "9t lecsix

Pre-synthesis validation: Correct
e 05100 B mplementation of C-program for required

Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1) X . .
File Edit Project Solution Window Help C:Simulation Dislog a | fU n CTI O n O | I Ty

L % - = %@ B v [.CSimulation

%5 Debug s | Synthesis 6 Analysis

Rismaia - aa— . Validated using a test bench

» w'Includes Build Only
v & Source Clean Build

Launch Debugger: Compiles the C code &

v {iy Test Bench

e ey opens the debug perspective

Do not show this dialog box again.

v = solutionl
» & constraints

Build Only: C code compiles, but the
- simulation does not run

B Console 88 - @]Errors| & Warnings
Vivado HLS Console

' ' Clean Build: Remove any existing executable
-« « | and object files from the project before
| compiling the code.
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C-Simulation

On-going...

% Activities [l Vivado HLS 2020.1 ~ Tue 05:20 @
Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1) X
‘File Edit Project Solution Window Help
= ‘ x B Avw i ®
% Debug |» | Synthesis |6 Analysis
:L\:.Explorersz $ = 0 gz Outlin 83 (4 Directi = 0

v £ lec5Ex1 =& A

» w/Includes An outline is not available.
v £ Source

le;lecSEx1.c
v fy Test Bench

wlecSEx1_out_ref.dat

[g;lecSEx1_test.c

| v ¢=solutionl
» & constraints

O Frrore

Vivado HLS Console

INFO: [HLS 200-10] Opening solution '/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1/solutionl’.
INFO: [SYN 201-201] Setting up clock 'default' with a period of 1@ns.

INFO: [HLS 200-10] Setting target device to 'xc7k160t-fbg484-2'

INFO: [SIM 211-2] ####sssssssssss (SIM start *+sssssssssssss

INFO: [SIM 211-4] CSIM will launch GCC as the compiler.

i Wi'ninnr. 1 bR e ﬁ v ™ v = "7

Eg.: lec5Ex1

Finished...

% Activities Tue 05:21 @

M Vivado HLS 2020.1 ~

Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1)

File Edit Project Solution Window Help

2 B [ X RBR: SR °~ dve
%5 Debug |s | Synthesis |6 Analysis

[ Explorer 52 w = 0 lec5Ex1_csim.log 83 = 0

LJINFO: [SIM 2] wwsssswsssxssss (SIM start sessssssssssss
2INFO: [SIM 4] CSIM will launch GCC as the compiler.
Compiling(apcc) ../../../../TAC-HEP-FPGA-HLS/1ec5Ex1_

v £ lec5ExL

» wIncludes

v 2 Source 4 INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/b:
= 5INFO: [HLS 200-10] For user 'varuns' on host 'cmstriggel
|eilecSEx.c 6 INFO: [HLS 200-10] On os "Cent0S Linux release 7.9.2009
+ fa Test Bench 7INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/ta:
5 INFO: [APCC 202-3] Tmp directory is /tmp/apcc_db varuns,

mlecSEx1_out_ref.dat 9 INFO: [APCC 202-1] APCC is done.

[&lecSEx]_test.c 16 Compiling(apcc) ../../../../TAC-HEP-FPGA-HLS/lec5Ex1

11INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/b:

v Y= solutionl 12 INFO: [HLS 200-10] For user ‘varuns' on host 'cmstriggel

. 13 INFO: [HLS 200-10] On os "Cent0S Linux release 7.9.2009

b Miconstraints 14 INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/ta:

» (=csim 15 INFO: [APCC 202-3] Tmp directory is /tmp/apcc_db varuns,
16 INFO: [APCC 202-1] APCC is done.

17 Generating csim.exe
16 Comparing against output data

[ $ A A LA E A LR AL AL A LA LSS AL SR L LR LR LR L

20 PASS: The output matches the reference output!

I

o it . s

o ©

8= Outlin 8 [ Directi

An outline is not available.

Vivado HLS Console

INFO: [SIM 211-1] C€Sim done with @ errors.

INFO: [SIM 211-3] *ssssssssssssss (SIM finish ssssssssssssss
Finished C simulation.

lec5Ex1

Vivado HLS C Simulation - &
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C-simulation output Fg. lecSEx]

[weloeExX L.t

v fw Test Bench

csim/build is the primary location for all files related to the C-

wlecSEx1_out_ref.dat

lsylecSEx1_test.c SImU|CITIOﬂ
* Any files read by the test bench are copied 1o this folder
w ¢ oconstraints
“directives.tcl  The C executable file €sim.exe is created and run in this
<& script.tcl fOlder
v (=Csim
v ¢ build * Any files written by the test bench are created in this folder
apcc.log « Build Only option: exe file is not executed
Wih CSiM.exe
@Ccsim.mk

lecS5Ex1_out_ref.dat
lec5Ex1_out.dat
Makefile.rules

Folder esim/report contains a log file of the C simulation

@ run_sim.tcl
Esim.sh Next: execute synthesis
» = o0bj
v (= report

- lec5Ex1_csim.log
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C_Syn'l'heSIS Eg.: lec5Ex1

% Activities Vivado HLS 2020.1 ~ Tue 05:35 @ % Activities Vivado HLS 2020.1 ~ Tue 05:32 @

Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1) X Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1) X
Eile Edit Project Solution Window Help File Edit Project Solution Window Help
2 & h R R o B R SpvY @A G | & =] &l IE R -~ a9~ e ®

%5 Debug |s | Synthesis |6+ Analysis %5 Debug | | Synthesis |6 Analysis

[t5 Explorer &3 s = 8 lec5Ex1-csim.log &2 &) Synthesis(solution1)(lec5Ex = B |8 Outlin 88 4 Directi = B8 L5 Explorer &3 S A = lecS5Ex1_csim.log &3 = B |5 Outlin 88 - 4 Directi = 8
- GSlecSExL 4INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/b: = v S lecSEX] 4INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/b: <
5INFO: [HLS 200-10] For user 'varuns' on host 'cmstriggel 5 INFO: [HLS 200-10] For user 'varuns' on host 'cmstriggel
» wIncludes 6 INFO: [HLS 200-10] On os "Cent0S Linux release 7.9.2009 | Anoutline is notavailable. » @includes 6INFO: [HLS 200-10] On os "Cent0S Linux release 7.9.2009 |/An outline is not available.
v S Source ) 7 i v 2 Source 7INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/tac
N e N H G INFO: [APCC 202-3] Tmp directory is /tmp/apcc_db_varuns,
RlecsExLc « Creatfing an Initial Solution ilecSExLc JINFO: [APCC 202-1] APCC is done.
v fiw Test Bench . . . v i Test Bench 16 Compiling(apcc) ../../../../TAC-HEP-FPGA-HLS/lec5Ex1
) 11INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/b:
wlecSEx1_out_ref.dat ReVIGWIng The OUTpUT Of C SynTh@SlS wlecSEx1_out_ref.dat 12 INFO: [HLS 200-10] For user 'varuns' on host 'cmstrigge
_test. H H lecSEx]_test.c 12INFO: [HLS 200-1@] On os "Cent0S Linux release 7.9.2009
VISESEXTtAREG ° AﬂCI'YZIng The ReSUHS Of SynTh@SlS = . 14INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/ta
» ?=solutionl . . » ?=solutionl 15 INFO: [APCC 202-3] Tmp directory is /tmp/apcc db varuns,
« Creatfing a New Solution 16 INFO: [APCC 202-1] APCC is done.
17 Generating csim.exe
H 1 1 H 1 1 15 Comparing against output data
«  Applying Optimization Directives e o rsssssssensa
it e bt e e e e 20 PASS: The output matches the reference output!
2] BREBLEBUSAAEL AL LS LE EERESREEAREABELLEER TR 2] SR ERLXEEREXLEEBLALXS LS AR XSS XA LR RSB E L LK EER
22 INFO: [SIM 1] CSim done with © errors. 22 INFO: [SIM 1] CSim done with © errors.
23INFO: [SIM 3] *esssssssssss #+ (SIM finish *+++s e 23INFO: [SIM 3] #esssssssssssss CSIM finish sxsssssssssss
4 4
B Console 82 - @] Errors| & Warnings | “z DRCs % | BH L= IR 4 = - | B Console 83 . @] Errors| & Warnings| “z DRCs X} (L= IR S R 4 = B
Vivado HLS Console Vivado HLS Console
- A INFO: [HLS 200-10] Adding design file 'TAC-HEP-FPGA-HLS/lecSEx1.c' to the project
PASS: The output matches the reference output! INFO: [HLS 200-10] Adding test bench file 'TAC-HEP-FPGA-HLS/lec5Ex1 out_ref.dat' to the projec
B A ‘ INFO: [HLS 200-10] Adding test bench file 'TAC-HEP-FPGA-HLS/lec5Ex1_test.c' to the project
INFO: [SIM 211-1] CSim done with @ errors. INFO: [HLS 200-10] Opening solution '/nfs_scratch/varuns/tac-hep-fpga/lecSExl/solutionl'.
INFO: [SIM 211-3] *#sssssssssssss (STM finish *++ssssssssssss INFO: [SYN 201-201] Setting up clock 'default' with a period of 1@ns.
Finished ¢ simulation. INFO: [HLS 200-10] Setting target device to 'xc7k160t-fbg484-2'
Vivado HLS Synthesis — &
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C-Synthesis: On-going Fo:lecsh

Within GUI, some messages may contain links to enhanced information
Clicking them provides more details on why message was issues and possible resolution

Jivado HLS Console

/opt/Xilinx/Vivado/2020.1/bin/vivado hls /nfs scratch/varuns/tac-hep-fpga/lec5Exl/solutionl/cs’
INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/bin/unwrapped/lnx64.o0/vivado hls’

INFO: [HLS 200-10] For user ‘'varuns' on host 'cmstrigger®2.hep.wisc.edu' (Linux x86 64 version
INFO: [HLS 200-10] On os "Cent0S Linux release 7.9.2009 (Core)"

INFO: [HLS 200-10] In directory '/nfs scratch/varuns/tac-hep-fpga’'

Sourcing Tcl script '/nfs scratch/varuns/tac-hep-fpga/lec5Ex1/solutionl/csynth.tcl’

INFO: [HLS 200-10] Opening project '/nfs scratch/varuns/tac-hep-fpga/lec5Ex1".

INFO: [HLS 200-10] Adding design file 'TAC-HEP-FPGA-HLS/lec5Ex1l.c' to the project

INFO: [HLS 200-10] Adding test bench file 'TAC-HEP-FPGA-HLS/lec5Ex1 out ref.dat' to the projec
INFO: [HLS 200-10] Adding test bench file 'TAC-HEP-FPGA-HLS/lec5Ex1 test.c' to the project
INFO: [HLS 200-10] Opening solution '/nfs scratch/varuns/tac-hep-fpga/lec5Ex1l/solutionl’.

INFO: [SYN 201-201] Setting up clock 'default' with a period of 10Ons.

INFO: [HLS 200-10] Setting target device to 'xc7kl60t-fbg484-2°'

INFO: [SYN 201-201] Setting up clock ‘'default® with a period of 10Ons.

INFO: [SCHED 204-61] Option ‘relax ii for timing' 1is enabled, will increase II to preserve clo
INFO: [HLS 200-10] Analyzing design file 'TAC-HEP-FPGA-HLS/lec5Exl.c' ...

INFO: [HLS 200-111] Finished Linking Time (s): cpu = 00:00:13 ; elapsed = 00:00:13 . Memory (Ml
INFO: [HLS 200-111] Finished Checking Pragmas Time (s): cpu = 00:00:13 ; elapsed = 00:00:13 . |
INFO: [HLS 200-10] Starting code transformations ...

INFO: [HLS 200-111] Finished Standard Transforms Time (s): cpu = 00:00:15 ; elapsed = 00:00:15
INFO: [HLS 200-10] Checking synthesizability ...

INFO: [HLS 200-111] Finished Checking Synthesizability Time (s): cpu = 00:00:15 ; elapsed = 00
INFO: [HLS 200-111] Finished Pre-synthesis Time (s): cpu = 00:00:15 ; elapsed = 00:00:15 . Mem
INFO: [HLS 200-472] Inferring partial write operation for ‘arr' (TAC-HEP-FPGA-HLS/lecS5Exl.c:17
INFO: [HLS 200-472] Inferring partial write operation for 'arr' (TAC-HEP-FPGA-HLS/lecS5Ex1.c:20

AN . Frimm & Ann o B B B | Fiomsrmrbhad Avrmrhsdtmnnmdbiiern Cliindtharmnses Taimn LA I P — AN LT - Almememrnd - AN
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C-Synthesis: On-going

Message: SCHED 204-61

Within GUI, some meSfMessage: SCHED 204-61

C“C Ki ng Them prOV|d€ indicates the final performance achieved by the PIPELINE directive,

R T when issued at the end of the pipeline process.

Jopt/Xilinx/Vivado/202 . a
INFO: [HLS 200-1@] Rur Explanation
INFO: [HLS 200-1@] For ‘
INFO: [HLS 200-108] On When the PIPELINE directive is used on a loop or function, Vivado HLS

INFO: [HLS 200-1@] In seeks to pipeline the loop/function with the specified Initiation

Sourcing Tcl script '/nterval (Il) using option -Il. The Il is the number of clock cycles

INFO: [HLS 200-1@] OPE patyeen reading new input values. The fastest possible design has

INFO: [HLS 200-1©] Add,_,.. . ; Nk
INFO: [HLS 200-10] Adc lI=1: it reads new inputs every clock cycle. If no Il is specified, an

INFO: [HLS 200-10] Adg!I=1Isassumed.
INFO: [HLS 200-10] Ope

INFO: [SYN 201-201] Se This message specifies the required Il (Target), the actual Il '
INFO: [HLS 200-10] Set achieved (Final) and the latency (DEPTH) of the final pipeline.

INFO: [SYN 201-201] Se

INFO: [SCHED 204-611 C gpiution

INFO: [HLS 200-10] Ang

INFO: [HLS 200-111] Fi : \ ; i
INFO: [HLS 200-111] Fi If the Final Il does not satisfy the requirements, refer to messages

INFO: [HLS 200-10] Stz >CHED 204-68 or SCHED 204-69 issued before the previous occurrence of

INFO: [HLS 200-111] Fi this message.
INFO: [HLS 200-10] Che
INFO: [HLS 200-111] Fi
INFO: [HLS 200-111] Fi

INFO: [HLS 200-472] Ir OK
INFO: [HLS 200-472] Ir
R e T T L e 7 . T T T T T e
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C-Synthesis: On-going Fo:lecsh

VIvaao rLs Lonsoe

INFO: [HLS 200-1@] Synthesizing 'lec5Ex1' .

INFO: [HLS 200-10] ------=--ccccemmcmcee e e ceccccecsccme e e
INFO: [HLS 200-42] -- Implementing module ‘lec5Ex1’

INFO: [HLS 200-10] --------cccmmmmmmm e e e e e e
INFO: [SCHED 204-11] Starting scheduling ...

INFO: [SCHED 204-11] Finished scheduling.

INFO: [HLS 200-111] Elapsed time: 14.91 seconds; current allocated memory: 138.261 MB.
INFO: [BIND 205-100] Starting micro-architecture generation ...

INFO: [BIND 205-101] Performing variable lifetime analysis.

INFO: [BIND 205-101] Exploring resource sharing.

INFO: [BIND 205-101] Binding ...

INFO: [BIND 205-100] Finished micro-architecture generation.

INFO: [HLS 200-111] Elapsed time: 0.09 seconds; current allocated memory: 138.433 MB.
INFO: [HLS 200-10] -----=----ccccccmmeeemce e e eeccceescc e ana
INFO: [HLS 200-10] -- Generating RTL for module 'lec5Ex1’

INFO: [HLS 200-10] ----------c-cccccccccmccmccccceccecccmccccccccmcccccccccccanns
INFO: [RTGEN 206-500] Setting interface mode on port 'lec5Ex1l/y' to 'ap vld'.

INFO: [RTGEN 206-500] Setting interface mode on port 'lec5Ex1l/c' to 'ap memory'.

INFO: [RTGEN 206-500] Setting interface mode on port 'lec5Ex1/x' to 'ap none’.

INFO: [RTGEN 206-500] Setting interface mode on function 'lec5Ex1' to 'ap ctrl hs'.
INFO: [RTGEN 206-100] Finished creating RTL model for 'lec5Ex1'.

INFO: [HLS 200-111] Elapsed time: 0.14 seconds; current allocated memory: 138.727 MB.
INFO: [HLS 200-790] **** Loop Constraint Status: ALl loop constraints were satisfied.
INFO: [HLS 200-789] **** Estimated Fmax: 122.67 MHz

INFO: [RTMG 210-278] Implementing memory 'lec5Ex1 arr ram (RAM)' using distributed RAMs with pi

- - - - - - - - -——— - -
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C-Synthesis: Finished

% Activities

Ml Vivado HLS 2020.1 ~

Tue 05:53 @

Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5Ex1)
Eile Edit Project Solution Window Help
|

= G [§ Ie R E@®bB RO Py @ @B 6 ®
% Debug |s | Synthesis 6 Analysis
{5 Explorer 52 ¢ = B lec5Ex1_csim.lo ¢ lecSExL.c & ™ = B |5z Outlin 8 . 4 Directi
v TesU BN 26 arr(i]=arr(i-1]; LW e %
& lec5Ex1_out_ref.dat 21 | data = arr[i]; S T
WIEESE testr B Console 52 . @] Errors| & Warnings| “z DRCs % bH M Byrg. =

v {=solutionl
: Vivado HLS Console
» & constraints et L -

. e SNPGRS CeuEEe) R SRR, I BREeeE S
) INFO: [BIND 205-100] Starting micro-architecture generation ...

> =csim INFO: [BIND 205-101] Performing variable lifetime analysis.

» =impl INFO: [BIND 205-101] Exploring resource sharing.
INFO: [BIND 205-101] Binding ...

v =syn INFO: [BIND 205-100] Finished micro-architecture generation.

v report INFO: [HLS 200-111] Elapsed time: 0.09 seconds; current allocated memory: 138.433 MB.

INFO: [HLS 200-10] -------cmmmmmmmmmm o e e oo e eeeioai et

Jllec5Ex1_csynth.rpt : [HLS 200-10] --

¢ [HLS 200-10]

v = systemc

Eg.: lec5Ex1

Synthesis Report for 'lec5Ex1’

General Information

Date: Tue Apr 4 05:32:18 2023
X

Version: 2020.1 (Build 2897737 on Wed May 27 20:21:37 MDT 2020)
Project: lecSEx1
Solution: solutionl
Product family: kintex7

o Target device: xc7k160t-fbg484-2
Performance Estimates

o = Timing

- Summary

Clock | Target EstimatedUncertainty
ap-clk10.00 ns| 8.152ns  1.25ns
B Console |w)errors | @ vvarnings | & UKLS %

&l - + fs vl 3 DRC-Infos ! 0DRC-Warnings | 0DRC-Errors =

INFO: [RTGEN 206-500] Setting interface mode on port 'lec5Ex1l/y' to 'ap _vld'.
¢ lecSEx1_arr.h INFO: [RTGEN 206-500] Setting interface mode on port 'lecSEx1/c' to 'ap memory'.
@ lecSExLc INFO: [RTGEN 206-500] Setting interface mode on port 'lec5Ex1/x' to 'ap none’. .
= PP INFO: [RTGEN 206-500] Setting interface mode on function 'lec5Ex1' to 'ap ctrl hs'. v o All Categories
¢ lec5Ex1.h INFO: [RTGEN 206-100] Finished creating RTL model for 'lec5Ex1'.
- Everilog INFO: [HLS 200-111] Elapsed time: ©0.14 seconds; current allocated memory: 138.727 MB. ¥ THROUGHPUT
= INFO: [HLS 200-790] **** Loop Constraint Status: ALl loop constraints were satisfied. . AP, ) .
lecSEx1_arr_ram.dat | |INFO: [HLS 200-789] **** Estimated Fmax: 122.67 MHz 1 [HLS 200-789] Estimated Fmax: 122.67 MHz
INFO: [RTMG 210-278] Implementing memory 'lec5Ex1_arr_ram (RAM)' using distributed RAMs with pi
witlecSExl-arrv INFO: [HLS 200-111] Finished generating all RTL models Time (s): cpu = 80:00:16 ; elapsed = 00 v oSCHEDULE
wri lecSEx Ly INFO: [VHDL 208-304] Generating VHDL RTL for lec5Ex1. i [SCHED 204-61] Option 'relax_ii_for_timing' is enabled, will increase Il to preserve clock fre
INFO: [VLOG 209-307] Generating Verilog RTL for lec5Ex1.
v =vhdl INFO: [HLS 200-112] Total elapsed time: 17.13 seconds; peak allocated memory: 138.727 MB. v LOOP
{lec5Ex1_arr.vhd Finished C synthesis. g : : : o
'":[ -y i [HLS 200-790] ***% | oop Constraint Status: All loop constraints were satisfied.
ril (ECOEX L.V

solutionl &2
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C-Synthesis: Review the oufpuf e

.5 Explorer 83 $ = 0
v mareswopencn o o . .
+ lecSEx]_out_ref.dat Folder syn is now available in the solution folder
s lecSEx1_test.c
v = solution1

3 T — report folder contains a report file for the top-level function
p—_—— and one for every sub-function in the design

» =impl

v (=syn

verilog, vhdl, and systemc folders contain the output RTL files

v =>report
v = systemc - The top-level file has the same name as the top-level function
l¢) lec5Ex1_arr.h for Syn-l-hesis
l¢ lecSEx1.cpp
l¢ lec5Ex1.h ) .
v = verilog One RTL file for each function
lecSEx1_arr_ram.dat
ari lecSEx1_arr. . oo . .
et Might be additional RTL files to implement sub-blocks (block
v G vhdl RAM, pipelined multipliers, etc)

s lecSEx1_arr.vhd
ard lecSEx1.vhd
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C-Synthesis: Review the oufpuf e

Design Rule Checks
B Console @] Errors | & Warnings | “z DRCs &2 = O

& - + fs v| 3 DRC-Infos I 0DRC-Warnings & 0DRC-Errors  [5:

v o All Categories
v o THROUGHPUT

i [HLS 200-789] ¥#¥¥ Estimated Fmax: 122.67 MHz
v o SCHEDULE
i [SCHED 204-61] Option relax_ii_for_timing'is enabled, will increase Il to preserve clock fre
v oLOOP
i [HLS 200-790] **** Loop Constraint Status: All loop constraints were satisfied.
solutionl &2
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C-Synthesis: Review the output Felesss i
L\
T e General Information: Details on when the results were

generated, software version used, project name,
solution name, & technology details

General Information

Date: Tue Apr 4 05:32:18 2023

Version: 2020.1 (Build 2897737 on Wed May 27 20:21:37 MDT 2020) Timing TCI rge’r C|OC|( frequency, C|OC|( UﬂCGI’TCIiﬂTy, &
Project:  lec3Exd the estimate of the fastest achievable clock

Solution: solutionl

Product family: kintex7 frequency

Target device: xc7k160t-fbg484-2
Latency Summary:

« Reports the latency and Il for this block and any sub-blocks

Performance Estimates

- Timin . . . .
g : INnstantiated in this block
- 2Uumma . . . .
= o . « Each sub-function called at this level in the C source is an
ock| Target EstimatedUncertainty . . . . L
ap_clk10.00 ns 8.152ns  1.25ns Instance In this RTL block unless it was inlined
2 Latency « Latency: # of CLK cycle to get output
5 Summary - |I: # of CLK cycle before new inputs can arrive
Latency (cycles)Latency (absolute)interval (cycles)
min | max | min | max | mn _max Type o \Without PIPELINE directives: Latency = Il -1

34 34 0.340 us/0.340 us 34 34none . . . . .
* Next input is read when the final output is written
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C-Synthesis: Review the oufpuf e

e Latency Detail:
| Smnasy  Latency and Il for the instances sub-functions & loops in this block
Latency (cycles)Latency (absolute)interval (cycles) . F b | e | h h . A
min max min max min = max Type or su -OOpS, e OOp lerarc y IS SNownN
34 34 0.340 us 0.340 us 34 34none
A « Min and max latency values indicate the latency to execute all
S iterations of the loop
« Conditional branches might make the min and max different
- Loop
Latency (cycles) Initiation Interval
Loop Name min = max |teration Latency achieved target Trip CountPipelined
- Loop 33 33 3 - - 11 no

lteration Latency: latency for a single iteration of the loop

For variable loop latency, values can’t be determined and are shown as a “¢”

Any specified target initiation interval is shown beside the actual initiation intferval achieved

* The tripcount shows the total number of loop iterations
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Eg.: lec5Ex1

C-Synthesis: Review the outpuft

s Latency Detail:
S Sy « Latency and Il for the instances sub-functions & loops in this block
Latency (cycles)Latency (absolute)interval (cycles) . F b | e | h h . A
min | max min max min | max Type or su -OOpS, e OOp ierarc Y IS Shown

34 34 0.340 us 0.340 us 34 34none
Min and max latency values indicate the latency to execute all

- Detail °
e iterations of the loop
« Conditional branches might make the min and max different
- Loop
Latency (cycles) Initiation Interval
Loop Name min | max |teration Latency achieved target Trip CountPipelined
- Loop 33 33 3 - - 11 no

No sub-blocks in this design.: Expanding the Instance section shows no sub-modules in the

hierarchy
« All the delay is due to the RTL logic synthesized from the loop named "“Loop”

- Total latency is one clock cycle greater than the loop latency
« Requires one clock cycle to enter and exit the loop (in this case, the design finishes when

the loop finishes, so there is no exit cycle)

"TAC-HEP: GPU & FPGA training module - Varun Sharma April 4, 2023 19



C-Synthesis: Review the output Felesss i

Utilization Estimates

- Summary

DSP
Expression
FIFO
Instance
Memory
Multiplexer
Register
Total
Available
Utilization (%)

- Detail

+ Instance

+ DSP48E

+ Memory

+ FIFO

+ Expression
+ Multiplexer
+ Register

0
650
0

3

3

Name  BRAM_18KDSP48E FF

0
64

111
175

LUT URAM

86 -

6

9) -

183

600202800101400

~0

~0

~0

o

L\

Report shows the resources: LUTS, Flip-Flops, DSPs, used to implement ’rh
design

Instance: Resources used by sub-blocks instantiated at this hierarchy
 If no RTL hierarchy, no instances reported
« For any instance, detail report is presented

Memory: Resources used in implementation of memories

FIFO: Resources used in implementation of any FIFO

Expressions: Resources used by any expressions such as multipliers, adders,
and comparators along with bit widths of the input ports to the expressions

Multiplexers: Resources used 1o implement multiplexors along with bit-widths
of input ports

Registers: List of all shift reqisters used
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C-Synthesis: Review the oufpuf e

Utilization Estimates

- Summary
Name BRAM_18KDSP48E FF | LUT URAM

DSP - - - - -

Expression - 3 0 86 -

A R T The design uses 3 DSP48s, 175 flip-flops and 183LUTs.

Memory 0 - 64 6 0

Multiplexer - - o9l -

Register - - 111

Total 0 3 175 183

Available 650  600202800101400

Utilization (%) 0 ~0 ~0 ~0 0

- Detall RTL synthesis might be able to perform additionadl
B heanen optimizations, and these figures might change after RTL
o synthesis

+ Memory
+ FIFO

+ Expression

At this stage, the area numbers are estimates

1
QIO

+ Multiplexer
+ Register

TAC-HEP: GPU & FPGA training module - Varun Sharma April 4, 2023 21



C-Synthesis: Review the oufpuf e

Interface

- Summary

RTL Ports Dir Bits

ap-clk in
ap-rst in
ap-start in
ap-done out
ap-idle  out
ap-ready out
' out
y-ap-vid out
c-addressOout
c.ced out
c-q0 in
X in

ap-ctri_hs
ap-ctrl_hs
ap-ctrl_hs
ap-ctri_hs
ap-ctri_hs
ap-ctri_hs
32 ap-vld

1 ap-vld

4ap_memory

lap_memory
32ap_-memory
32 ap-none

(il il =il il il

Protocol Source Object C Type

lecSEx1return value
lec5Ex1return value
lecSEx1return value
lecSEx1return value
lecSEx1return value
lecS5Ex1return value

y pointer
y pointer
C array
C array
C array
X scalar

Export the report(.html) using the Export Wizard

Open Analysis Perspective

Analysis Perspective

Shows how the the function arguments have
been synthesized into RTL ports

The RTL port names are grouped with their
protocol and source object: these are the RTL
ports created when that source object is
synthesized with the stated I/O protocol

The design has a clock and reset port
Synthesis has automatically added some block level

conftrol ports : ap_start, ap_done, ap_idle and
ap_ready

TAC-HEP: GPU & FPGA training module - Varun Sharma

April 4, 2023 22



Aﬂ(]‘ySiS Pergpecﬂ\/e Eg.: lec5Ex1

Analysis Perspective to analyze the results

File Edit Project Solution Window Help

B il w: X @ R:dvBFR 6 ®: B . 35 Debug s | Synthesis ff Analysis |
5 || ESynthesis(solut | [¢ lecSExLc | wi lecSExl_amryv | wi lecSExLv  |& Resource Viewer 33 . ™ = |
£z - m K Il
Operation\Control Step | 0 | L | 5 | s | ‘g
=]
B e e
|~ r+woPorts [
- X
Y
«e) | ~read :
v Resource view
arr(p0)
v [+]Expressions
i-0_phi_fu_108
sum_0_phi_fu_95
grp-fu_125
icmp_In16_fu_144
data_0O_phi_fu_119
sum_fu_169
mul_n23_fu163 | e
Schedule Viewer Resource Viewer
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Aﬂ(]‘ySiS Pergpecﬂ\/e Eg.: lec5Ex]

Analysis Perspective to analyze the results

Vivado HLS 2020.1 - lec5Ex1 (/nfs_scratch/varuns/tac-hep-fpga/lec5SEx1) X

File Edit Project Solution Window Help

2 @ BRig~v® & 6 & B %5 Debug |» | Synthesis g Analysis
3 ¢ Synthesis(solut [€ lec5Ex1.c arit lec5Ex1_arr.v s lec5ExLv | & Schedule Viewer £2 = 8 -
C -w A a3l F
— = A e ocus Off Y @

& Operation\Control Step | 0 <
£8

g x_read(read) |

- v Loop

sum_0(phi_mux)
icmp-In16(icmp)
add_n20(+)
data(read)
0_write_In17(write)
arr_addr_1_write_ln.

Schedule viewer

c_load(read)

i(+)
data_0(phi_mux)
mul_ln23(*)
sum(+)

y-write_In25(write)

Schedule Viewer Resource Viewer
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Vivado HLS via CLI Eg. lecSEx2

1 open_project lec5Ex2

2 set_top lec5Ex1

3 add_files lec5Ex1l.c

4 add_files -tb lec5Ex1_test.c https://github.com/varuns23/TAC-HEP-FPGA-
5 add_files -tb lec5Ex1_out_ref.dat HLS/bIob/mom/IecSExQ’rcI

6

7 open_solution "solutionl®

8 set_part {xc7k160tfbg484-2}
12 create_clock —period 18 Execute: vivado_hls lec5Ex2.tcl
11 #source "./lec5Ex2/solutionl/directives.tcl”
12
13 c¢sim_design
14 csynth_design
15 cosim_design
16 #export_design -format ip_catalog
17
18 # Exit Vivado HLS
19 exit
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https://github.com/varuns23/TAC-HEP-FPGA-HLS/blob/main/lec5Ex2.tcl

Vivado HLS via CLI

What to expect...

v mamiie L v . gy - s e aw ot e —

[varuns@cmstrigger®2 TAC-HEP-FPGA-HLS]$ vivado_hls lec5Ex2.tcl

wikkkk Vivado(TM) HLS - High-Level Synthesis from C, C++ and SystemC v2020.1 (é4-bit)
sk SW Build 2902540 on Wed May 27 19:54:35 MDT 2020
skkk IP Build 2902112 on Wed May 27 22:43:36 MDT 2020
*% Copyright 1986-2020 Xilinx, Inc. All Rights Reserved.

source /opt/Xilinx/Vivado/2020.1/scripts/vivado_hls/hls.tcl -notrace
INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/bin/unwrapped/lnxé4.0/vivado_hls"'
INFO: [HLS 200-10] For user 'varuns' on host 'cmstrigger®2.hep.wisc.edu' (Linux_x86_64 version 5.4.236-1.el7.elrepo.x86_64) on Tue Apr 04 08:09:19 CDT 2023
INFO: [HLS 200-10] On os "CentOS Linux release 7.9.2009 (Core)"
INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/tac-hep-fpga/TAC-HEP-FPGA-HLS'
Sourcing Tcl script 'lec5Ex2.tcl!
INFO: [HLS 200-10] Creating and opening project '/nfs_scratch/varuns/tac-hep-fpga/TAC-HEP-FPGA-HLS/lec5Ex2".
INFO: [HLS 200-10] Adding design file 'lec5Exl.c' to the project
INFO: [HLS 200-10] Adding test bench file 'lec5Ex1_test.c' to the project
INFO: [HLS 200-10] Adding test bench file 'lec5Ex1_out_ref.dat' to the project
INFO: [HLS 200-10] Creating and opening solution '/nfs_scratch/varuns/tac-hep-fpga/TAC-HEP-FPGA-HLS/lec5Ex2/solutionl’.
INFO: [HLS 200-10] Setting target device to 'xc7k160t-fbg484-2'
INFO: [SYN 201-201] Setting up clock 'default' with a period of 1@ns.
INFO: [SIM 211-2] sckdokskkkokokdokiokiok CSIM start sckksksokiokskokkdokk
INFO: [SIM 211-4] CSIM will launch GCC as the compiler.
Compiling(apcc) ../../../../lecSEx1_test.c in debug mode
INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/bin/unwrapped/lnxé4.o0/apcc’
INFO: [HLS 200-10] For user 'varuns' on host 'cmstrigger®2.hep.wisc.edu' (Linux_x86_64 version 5.4.236-1.el7.elrepo.x86_64) on Tue Apr 04 08:09:25 CDT 2023
INFO: [HLS 200-10] On os "CentOS Linux release 7.9.2009 (Core)"
INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/tac-hep-fpga/TAC-HEP-FPGA-HLS/lec5Ex2/solutionl/csim/build’
INFO: [APCC 202-3] Tmp directory is /tmp/apcc_db_varuns/318961680613765501282
INFO: [APCC 202-1] APCC is done.
Compiling(apcc) ../../../../lec5Exl.c in debug mode
INFO: [HLS 200-10] Running '/opt/Xilinx/Vivado/2020.1/bin/unwrapped/lnxé4.o0/apcc’
INFO: [HLS 200-10] For user 'varuns' on host 'cmstrigger®2.hep.wisc.edu' (Linux_x86_64 version 5.4.236-1.el7.elrepo.x86_64) on Tue Apr 04 08:09:38 CDT 2023
INFO: [HLS 200-10] On os "CentOS Linux release 7.9.2009 (Core)"
INFO: [HLS 200-10] In directory '/nfs_scratch/varuns/tac-hep-fpga/TAC-HEP-FPGA-HLS/lec5Ex2/solutionl/csim/build’
INFO: [APCC 202-3] Tmp directory is /tmp/apcc_db_varuns/320261680613778403386
INFO: [APCC 202-1] APCC is done.
Generating csim.exe
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Exercise files

* Git clone: https://github.com/varuns23/TAC-HEP-FPGA-HLS.git

lec4Ex1.c
lec4Ex1.h
lec4Ex1_out_ref.dat

lec4Ex1_test.c

lec5Ex1.c

lec5Ex1.h
lec5Ex1_out_ref.dat
lec5Ex1_test.c

lec5Ex2.tcl

OO0 O 00 0000 0

out_ref.dat
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EAssignmen’r

« Use target device: xc7k160tfbg484-2
» Clock period of 10ns

1. Execute the code (lec5Ex2.tcl) using CLI (slide-25) and compare the
results with GUI results for C-Simulation, C-Synthesis

2. Vary following parameters for two cases: high and very high values and
compare with 1 for both CLI and GUI

« Variable: “samples”
« Variable: “N"
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EAssignmen’r subbmission

* Where to submit:
* https://pages.hep.wisc.edu/~varuns/assignments/TAC-HEP/

 Use your login machine credentials

* Submit one file per week
« Week-2 & 3 can be merged together

* Try to submit by next Tuesday
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Questions?
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Additional material
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E Correct Time

From 03.28.2023 onwards

* Tuesdays: 9:00-10:00 CT/ 10:00-11:00 ET / 16:00-17:00 CET
* Wednesday: 11:00-12:00 CT/ 12:00-13:00 ET /7 18:00-19:00 CET
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Jargons

e |Cs - Integrated chip: assembly of hundreds of millions of tfransistors on a minor chip

e PCB: Printed Circuit Board

e LUT - Look Up Table aka ‘logic’ - generic functions on small bitwidth inputs. Combine many to build the algorithm

e FF - Flip Flops - control the flow of data with the clock pulse. Used to build the pipeline and achieve high throughput

e DSP - Digital Signal Processor - performs multiplication and other arithmetic in the FPGA

e BRAM - Block RAM - hardened RAM resource. More efficient memories than using LUTs for more than a few elements

e PCle or PCI-E - Peripheral Component Interconnect Express: is a serial expansion bus standard for connecting a computer to
one or more peripheral devices

¢ InfiniBand is a computer networking communications standard used in high-performance computing that features very high
throughput and very low latency

e HLS - High Level Synthesis - compiler for C, C++, SystemC into FPGA IP cores

e DRCs - Design Rule Checks

e HDL - Hardware Description Language - low level language for describing circuits

e RITL - Register Transfer Level - the very low level description of the function and connection of logic gates

e FIFO - First In First Out memory

e Latency - fime between starting processing and receiving the result

o Measured in clock cycles or seconds
e |l - Initiation Interval - time from accepting first input to accepting next input

TAC-HEP: GPU & FPGA training module - Varun Sharma April 4, 2023 33



All set for hands-on

Everytime
[ YK ) localhost:5901 (cmstrigger02.hep.wisc.edu:1 (varuns)) - VNC Viewer
s U m m a ry % Activities [l Vivado HLS 2020.1 ~ -
ssh voruns@cmsfrlgggrOQ via-login -L5901:localhost: 5901 VIVADHQ.’ XILINX.
« Or whatever :1 display number _
« Sometfimes you may need to run vncserver - | 7_
localhost -geometry 1024x768 again to start new vnc ) ’@ E
S e rve r Create Nev.v Project Opén Proj;ct Open Example Project
« Connect to VNC server (remote desktop) client
. H . &7 weudl
Open terminal 11| e @
« Source /opt/Xilinx/Vivado/2020.1/settings64.sh
« vivado_hls

Homework: You are able to connect and bring this screen
Let me know in case of any issue
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