1. Vytvorenie nového projektu v programe Vivado HLS pouzitim Zynq

xc7z020clg484-1 (ZedBoard) alebo xc7z010clg400-1 (Zybo)
1.1. Spustte Vivado HLS cez Start > VSetky programy > Xilinx Design Tools > Vivado HLS

2015.4.
Zobrazi sa uvodna strana programu.
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Obrézok 1 Uvodny obraz po spusteni Vivado HLS

1.2. Nauvodnej strane kliknite na Create New Project alebo chod’te cez File > New Project... Otvori
sa dialogoveé okno New Vivado HLS Project.

1.3. Vriadku Project name nazvite projekt matrixmul.prj.

1.4. Kiliknite na Browse... pre vol'bu umiestnenia projektu a ulozte ho do C:\Vivado_projects\labl.
Potom kliknite na OK.

P New Vivado HLS Project

Project Configuration I
Create Vivado HLS project of selected type \57

Project name: | matrixmul.prj |

Location: | C:\Vivado_projectsilabl | | Browse... |

< Back Mext > Finish Cancel

Obrazok 2 Novy projekt vo Vivado HLS



1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

1.12.

1.13.

Kliknite na Next.

V okne Add/Remove Files v riadku Top Function napiste matrixmul ako nazov (ten sa musi

zhodovat so zdrojovymi sibormi projektu).

Kliknite na Add Files... vyberte matrixmul.cpp subor z C:\Vivado_projects\labl a potom
kliknite na Open.

Kliknite na Next.

V okne Add/Remove Files pre test kliknite na Add Files..., vyberte matrixmul_test.cpp subor
z C:\Vivado_projects\labl a nasledne kliknite na Open.

Kliknite na stibor matrixmul_test.cpp V zozname suborov a nasledne kliknite na Edit CFLAGS...
a ako CFLAGS polozku uved’te -DHW_COSIM, kliknite na OK.

Kliknite na Next.

V okne Solution Configuration nechajte Solution Name solutionl a zmeiite taktovaci cyklus na
10 (pre ZedBoard) alebo 8 (pre Zybo). Riadok Uncertainty nechajte prazdny (ZedBoard si stanovi
predvolent hodnotu na 1.25 a Zybo na 1).

Kliknite na ... v ¢asti Part Selection.

Zobrazi sa nové okno Device Selection Dialog, v ktorom vyberte stcast’ xc7z020clg484-1
(ZedBoard) alebo xc7z010clg400-1 (Zybo).
Vo filtri vyberte:

Family: zynq

Sub_Family: zynqg

Package: clg484 (ZedBoard) alebo clg400 (Zybo)

Speed grade: -1



e Selection Dialog

B8 Boards
RTL Teol Filter
Auto v Product Category: | All v | Package: clg424 v
Family: zyng v | Speed grade: | -1 v
Sub-Family: yng v | Temp grade: | All ]
Reset All Filters
Search: + |
Part Family Package Speed SLICE LT FF DSP BRAM
& xcT2020clgags-1 zyng clgdes -1 13300 53200 106400 220 230

Obrazok 3 Vyber sucasti pre ZedBoard

Select: & Boards
RTL Tool Filter
Auto v Product Category: | All v | Package: clgd00 v
Family: zZyng v | Speed grade: | -1 v
Sub-Family: 7yng v | Temp grade: | All v
Reset All Filters
Search: ¥ |
Part Family Package Speed SLICE LuT FF DsP BRAM
& xcT2020clg400-1 zyng clgd00 -1 13300 53200 106400 220 280
i xc72010¢lg400-1 zyng clg400 -1 4400 17600 35200 a0 120

Obrazok 4 Vyber sucasti pre Zybo

Pre ZedBoard je mozné v Casti Boards vybrat’ prislusnti dosku, pokial’ nejaké na vyber mame.

e Selection Dialog

Select: | G Parts
RTL Tool Filter
Aute v Vendor: All v

Display Name: | Al

Reset All Filters

Search: = |

Display Name Part Family WVendor 2
[ Zynq ZC702 Evaluation Board xc72020clg424-1 2yng xilink.com

‘ ZedBoard Zynq Evaluation and Development Kit xc7z020clg484-1 yng em.avnet.com

‘ Virtex 6 MLB05 Evaluation Platform xcBvb@a0tff1156-1 virtexf ilime.com

‘ Virtex 5 ML310 Evaluation Platform xcivi130H1738-2  virtex5 ilime.com

I Virtex 5 ML507 Evaluation Platform xcHvhTOHE1136-1 virtex3 ilime.com

B it & ML ENR Ervaliistinn Dlstfnem wr e 126.1 sirkarS vilimy s hd

Obrazok 5 Vyber Boards pre ZedBoard



1.14. Kliknite na OK

1.15. Kliknite na Finish

Nasledne sa vytvori projekt, ktory mozete vidiet’ v okne Explorer.

L[ Explorer 3 W= 8

v 25 matrixmul.prj

[al Includes

v = Source

[ matrixmul.cpp
fi=) Test Bench

v Y= solutiont

~ @ constraints

% directives.tcl
4 scriptte

Obrazok 6 Okno Explorer

Rozbalenim jednotlivych prie¢inkov modzete Vvidiet polozky patriace

priecinku/podpriecinku.

1.16. Dvojitym klikom na matrixmul.cpp sa otvori zdrojovy kod projektu matrixmul.prj.

o

TR

Mo Wk O

1 o

#include "matrizmul.h"

wvoid matrizmul |

mat_s_t a[MAT A ROWS] [MAT_& CCLS],
mat_b_t b[MAT B_ROWS] [MAT_B_COLS],
result_t res[MAT A ROWS] [MAT_B_COLSI)

/f Iterate over 7 of the & matrix
Row: for(int i MAT & ROWS: i++) {
/f Iterate ove h olumns of the B matrix
Col: for(int j : J < MAT_B_COCLS; j++) {
// Do the inner product of a row of & and col of B

;rea[i] [i1 = 0:
Product: for(int k = 0; k < MAT B ROWS; k++) {
res[i][J] += alillk] * blkl[]l:

Obrazok T Zdrojovy kod projektu matrixmul prj

k danému

Ako moézete vidiet', program je zamerany na nasobenie matice. Sklada sa z troch cyklov. Cyklus

Product je najvnutornejsi cyklus, ktory vykonava nasobenie a nasledné sCitavanie jednotlivych

prvkov matice. Vysledok sa ulozi na dané suradnice vyslednej matice, podl'a toho, ako mame

uréené [i] a [j]. Stredny cyklus Col vykonava posuvanie sa po stipcoch matice. TaktieZ sa tu

vykonava vynulovanie res[i][j], ked cyklus Product presiel vietkymi riadkami daného stipca

a prechadza sa na novy stipec. Cyklus Row je najvrchnejsi cyklus a vykonava postvanie sa po

riadkoch matice.



2.2.

2.3.

3.1.

3.2.

Spustenie C simulacie (Run C Simulation)

C simulaciu je mozné spustitt cez Project > Run C Simulation, alebo kliknutim

—

na * ' na paneli nastrojov. Zobrazi sa nové dialogové okno C Simulation, v ktorom kliknite na
OK.

Po skonéeni simulaéného behu mézete v spodnej Casti programu v okne Console vidiet’ vystup
simulacie.

B Console &2 @] Errors| & Warnings =% i ‘?Z‘ B~ = 0
Vivado HLS Console
Starting C simulation ...
C:/Xilinx/Vivado HL5/2015.4/bin/vivado_hls.bat C:/Vivado projects/labl/matrixmul.prj/solutionl/csim.tcl
@I [HLS5-10] Running 'C:/Xilinx/Vivado HLS/2015.4/bin/unwrapped/winé4.o/vivado_hls.exe’
for user 'Simona Benedikova' on host 'simona' (Windows NT_amdé4 version 6.2) on Sun Mar 20 19:05:37 +0100 2016
in directory 'C:/Vivado projects/labl’
@I [HL5-10] Opening project 'C:/Vivado projects/labl/matrixmul.prj'.
@I [HLS-10] Cpening sclution 'C:/Vivado_projects/labl/matrixmul.prj/solutionl’.
@I [SYN-201] Setting up clock 'default' with a period of 10ns.
@I [HLS-10] Setting target device to "xc7z020clgé84-1'
Compiling ../../../../matrixmul.cpp in debug mode
Generating csim.exe
i
1870,906,942}
{1086,1131,1176}
{1302,1356,1410}

Test passed.
@I [SIM-1] CSim done with 0 errors.

Obrazok 8 Vystup simuldcie

Rozbal'te prie¢inok Test Bench v okne Explorer a dvakrat kliknite na matrixmul_test.cpp.

V uvode zdrojového kddu mozete vidiet’ dve inicializované matice so vstupnymi udajmi a d’alej
algoritmy, ktoré sa v ramci kodu vykonavaju. Ak je definované HW_COSIM, funkcia matrixmul
je volana a vysledok, ktory je vypocitany sa porovnava s hodnotou vratenou z volajucej funkcie.
Ak sa vysledky zhoduju, na konci simulacie sa okrem vysledku vypise aj Test passed (Testom

potvrdené). Ak HW_COSIM definované nie je, funkcia matrixmul nie je volana.

Spustenie debugger-a

Vyberte Project > Run C Simulation alebo Kkliknite na = na paneli nastrojov. Na zobrazenom
dialogovom okne, je potrebné oznacit’ Launch Debugger a nasledne kliknat na OK.

Aplikacia sa skompiluje a automaticky sa otvori pohl'ad debuggera.

V debugger-i mézete matrixmul_test.cpp vidiet’ zo zdrojového pohl'adu. Premenné argc a argv st

definované v okne Variables, okno Outline zobrazuje objekty v aktualnom rozsahu.



- Vivado HLS - matrizmul. prj (C:\Vivado_projectsilablimatrixmul.prj)

File Edit Project Solution Run Window Help
Y N33 eI RiRiEEE:f B R EE B a® :lf}‘Debug t- | Synthesis & Analysis
4 Debug 52 | [ Explorer| % &t [ 3% ¥ = O [0 verisbles 25 ] 06 Breakpoints| it Registers| 6 Expressions| @ Modules| =B
matrixmul.prj.Debug [C/C++ Application] & =% E|‘ : & h‘ et ~
v 1 csim.exe [8468] Name Type Value
~ g Thread #1 0 (Suspended : Breakpoint) . int 1
= main() at matrixmul_test.cpp:77 0x4013%d = arge IT" . Ox754eal
3 i Thread £2 0 (Suspended : Container) o e . (har - Oxme:f
3 i Thread £3 0 (Suspended : Container) i ‘h"’ma ’Tt (ha;t[ 3][ 3] mm: 4
> o Thread #4 0 (Suspended : Container) > (2 hw_resu 5 ort [3103] =
3 qdb(73) )= err_cnt int 4201726
9 ) 5 = in_mat b char [3][3] OxB1fedb
5 [ sw_result short [3][3] OxB1feb2
< >
12 Synthesis(solution1) €] matrixmul_test.cpp &% = O ||5= outline NN e RERY e % 5 0O
1= int m:int argc, char **argv) ~ 2 iostream
2 { B matrikmul.h
mat_a_t in_mat_a[3][3] = { = std
{11, 12, 13}, @ main(int, char™): int
{14, 15, 18},
{17, 18 ,19}
i
mat_b t in mat b[3][3] = {
{21, 22, 23,
{24, 25, 28},
{27, 28, 29} -
< >
& Console 52 éTasks“,_'-:' Prob\emﬂo Exe:utables} ] Mamorﬂ L ‘ 5% BF & @‘ ME-p-4°0

matrixmul.prj.Debug [C/C++ Application] csim.exe

Obrazok 9 Okno debugger-a

3.3. Presuiite sa V zdrojovom kode matrixmul test.cpp na riadok 105 a dvakrat kliknite na modro
sfarbeny stipec pri tomto riadku.

Po tomto kliku sa na danom mieste objavi bod prerusenia (modry krizok s fajkou).

f{ Print result matrix
cout << "{" << endl;

3.4. Rovnako kliknite aj na riadok 101, kde je definovana funkcia matrixmul().

3.5. Niekolkokrat kliknite na Step Over (F6) ( =) a sledujte ako sa menia hodnoty jednotlivych
premennych v okne Variables. Zaroven budete vidiet, na ktorom riadku zdrojového kodu sa

momentalne nachadzate.



File Edit Project Selution Run Window Help
foe 00 B N33R EINEBE rHEH:=H W) %5 Debug [+ | Synthesis & Analysis
45 Debug 52 @E(ploraq x & | i ¥ 5 O ||x=Variables % . % Breakpoints] B Rag\:ters]%‘f Expressions | B} Modules] = 8
~ [E] matrixmul.prj Debug [C/C++ Application] ) =% FR%| NS T
v il esim e [10222] Name Type Value -
~ f# Thread #10 (Suspended : Step)
= main() at matrixmul_test.cpp:94 0x40140a b arge nt - !
5 4 Thread 22 0 (Suspended : Container) 2% oigv char Oi2deat
5 P Thread #3 0 (Suspended : Container) Wk int L I
> of# Thread #4 0 (Suspended : Container) [ nt 0
W gdb (7.8) [ int 0
S (® in_mat_a char [3][3] OB fedf
> (= hw_result short [3][3] (OBlfecd
(9= err_cnt int 0
» @ in_mat_b char [3][3] OxE1feds
5 [ sw_result short [3][3] Owb1feb2 v
Ell Synthesis(solution) [£] matrixmul_test.cpp 5% = O ||E= Outline 52 = AR o v= O
for(int i = 0; i < MAT A& ROWS; i++) { - Bl iostream
for(int j = 0; j < MAT B COLS; j++) { &1 matrixmulh
// Tterate over the columns of the B matrix = sid
sw_result[i] [j] = O; @ main(int, char™): int
// Do the inner product of a row of A and gol of B
for(int k = 0; k < MAT B ROWS; ki+) {
sw result[i][j] += in mat a[i)[k] * in mat b[k][i]: |
}
}
}
#ifdef HW COSIM A
< >

B Console 2
matrixmul.prj.Debug [C/C++ Application] csim.exe

El Tasks] \:: Problems] 0 E(ecutab\aq ﬂ Memorﬂ

m X

% HEE® AB-0-4Z° 0

Obrdazok 10 Krokovanie zdrojového kodu

3.6. Kliknite na Resume ( L ) alebo stlacte F8 pre dokoncenie vypoctu a program sa zastavi na

riadku 101, ktory sme si v predchadzajucom kroku oznacili.

3.7. Pozorujte vypocitany vysledok v okne Variables.

File

Edit Project Solution Run Window Help

i BMNRRS TR Qo Wi @ | %5 Debug |¢ | Synthesis £ Analysis
5 Debug 22 [ ap\oraﬂ (x)= Variables 53 . %9 Breakpomts} pit Regl;tarqﬁ‘fl{xpre;;mns ) Modulas} =0
~ [&] matrixmul.prj.Debug [C/C++ Application] =4 B | X%t v

v i esim.exe [10228] Name Type Value "
v P Thread #10 (Suspended : Breakpoint) - o ot (2 OTieb
= ol o e LS () 040 2 v (5 sw_result] ]| — sh“’t[ ! =t
5 o Thread 220 (Suspended : Container) 0 “”—'E“Itlol[1] sh“ o
5 4P Thread 230 (Suspended : Container] 0 “”—’““I:[B][l] sh“: s
5 o Thread 240 (Suspended : Container] _d-sw resulil][g] | sho 342 |
v (& sw_resuk{1] short [3] Oxblfebs
o gdb (7.8) —
19+ sw_result{1][0] short 1086
(9= sw_result{1][1] short 131
9= sw_result{1][2] short 176
v (& sw_result]2] short [3] Oxblfebe
4= sw_result[2][0] short 1302
9= sw_result[2][1] short 1356
4= sw_result(2][2] short 1410
v
< >
Name : hw_result A
El Synthesis(solution1) [€] matrixmul_test.cpp 52 = 8 ||3= Outline & B Ry e v= 0O
A & iostream
#ifdef HW_COSIM = matrixmul.h
// Run the RutoESL matrix multiply block = std
matrixmul (in mat_a, in mat_b, hw_result): ® main(int, char™): int
#endif
// Print result matrix v
< >
B Console 2 ElTasiGM::‘ Prob\emqo Etacutab\es] 0 Memorﬂ x % | B B & @l mB-m-4 = 08

matrixmul.prj.Debug [C/C++ Application] csim.exe

Obrazok 11 Softvérovy vysledok programu




3.8. Kliknite na Step Into (F5) (=) na prejdenie do matrixmul modulu a sledujte, ¢i sa program

zastavil na riadku 75.

3.9. Niekol'kokrat kliknite na Step Over (F6) a sledujte ako sa menia hodnoty premennych v okne

Variables. Potom kliknite na Step Return (F7) pre navrat z funkcie.

3.10. Program bude pokracovat’ na riadku 105, ktory sme si oznacili v predchadzajucom kroku bodom

preruSenia. Softvérové a hardvérové vysledky mozete sledovat’ v okne Variables.

I Vivado HLS - matriemul.prj (C:AVivada_projects\labT\matrixmul.prj)

File Edit Project Solution Run Window Help
: O [ TR Fi: B : B =R P e %5 Debug || Synthesis & Analysis
45 Debug 52 [ Explorer [i% = = O (= Variables &2 . % Breakpoints| ii% Registers| &7’ Expressions | @ Modules = 8
v [] matrixmul.prj.Debug [C/C++ Application] = | e v
v i csim.exe [6932] Mame Type Value 2
w i Thread #1 0 (Suspended : Breakpoint) -
= main() at matrzmul_test.cpp:105 0xd014ch v e P:u_resu\t short [33] Dblfecd
" Thread #2 0 (Suspended : Container) [ hw_result{0] short [3] OxBifecd
" Thread #3 0 (Suspended : Container) (= hw_result[0][0] short &70
" Thread 24 0 (Suspended : Container) 0= h_resutt[D][1] short 906
= gdb (7.8) (0= hw_result{0][2] short 942
w9 @ hw_result[1] short [3] OxB1feca
@ hw_result[2] short [3] Ox61fedd
= err_cnt int 0
= in_mat_b char [3][3] 0xG1fedd
v (= sw_result short [3][3] Oxf1feb2
v (= sw_result{D] short [3] Ox61feb
69= sw_result[0][0] short 870
6= sw_result[0][1] short 906
6= sw_result[0][2] short 942
@ sw_result[1] short [3] [x01febd
@ swi_result[2] short [3] [x01febe o
< >
Synthesis(sclution1) [ matrixmul_test.cpp 2 ] matrixmul.cpp = B ||g= outline &2 B A wS e¥, Y= 08
A &l iostreamn
#ifdef HW COSIM =1 matrixmul.h
// Run the AutoESL matrix multiply block = std
matrizmnl (in mat a, in mat b, hw_result); @ main(int, char™) : int
#endif v
< >
B Consale 5% 5] Tasks|[£] Problems | {3 Executables| [J Memory ] ‘ ERANE] @l mB~-c~-4 = 8
matrixmul.prj.Debug [C/C++ Application] csim.exe

Obrazok 12 Softvérovy a hardvérovy vysledok programu

3.11. Vlozte bod prerusenia na riadok 134 (return err_cnt) a kliknite na Resume. Program bude
pokracovat’ az po riadok 134. V okne Console sa zobrazi vysledok, ktory ste mohli vidiet

v predchadzajicom kroku (krok 2.2, Obrazok 8).

3.12. Cez tlacitko Resume alebo Terminate je debagger mozné kedykol'vek vypnut’.

4. Spustenie syntézy (Run C Synthesis)

i Synthesis

4.1. Prepnite pohl'ad z Debug na Synthesis kliknutim na L na paneli nastrojov.




4.2.

4.3.

4.4.

4.5.

4.6.

Vyberte Solution > Run C Synthesis > Active Solution alebo kliknite na B

Po spusteni syntézy sa zobrazi sthrnna sprava (Synthesis Report) spolu s Outline oknom. Okno

Outline vas bude navigovat’ zobrazenym vysledkom jednoduchym kliknutim na jednotlivé Casti.

Ak rozbalite prie¢inok solutionl, mézete vidiet', Ze boli automaticky vygenerované a vlozené
subory do podpriecinka syn > report.

|7 Explorer &3 = 8

v =% matrixrul.prj
[t Includes
= Source
fim Test Bench
v = solution?
w @8 constraints
4L directives.tcl
";‘h script.icl
W [ csim
= build
(= report
W —r 5yn
v [= report
ED matrixmul_csynth.rpt
¥ (= systemc
Le| matrixmul.cpp
Lc| matrixmul.h
v (= verilog
writ matriomul.v
v (= vhdl
wiit matrizmul.vhd

Obrdazok 13 Okno Explorer po vykonani syntézy

Vsimnite si, ze ak rozbalite podprie¢inok syn v prie¢inku solutionl v okne Explorer, nachadzajt
sa tam d’alSie podpriecinky report, systemc, verilog a vhdl v ramci ktorych su generované (vhdl,
verilog, hlavickovy a cpp) stibory. Dvojitym klikom na tieto stibory sa vam zobrazi ich obsah

V informa¢nom okne.

Sthrnna sprava zobrazuje odhad vykonu a vyuzitia ako aj odhad latencie v navrhnutom programe.

Prechéadzajte informacnym oknom a odpovedzte na nasledujuce otazky

Odhadovana peridda taktu:

Najhorsi pripad latencie:
Celkova hodnota DSP48E:
Celkova hodnota FF:
Celkova hodnota LUT:




4.7.

Sprava tiez zobrazuje najvySSie Uurovne signalov rozhrania vytvorené nastrojmi.

Interface
-1 Summary
RTL Ports Dir | Bits Protocol Source Object C Type

ap_clk in 1 ap_ctrl_hs matrizmul | return value
ap_rst in 1 ap_ctrl_hs matrixmul | return value
ap_start in 1 ap_ctrl_hs matrixmul | return value
ap_done out 1 ap_ctrl_hs matrixmul | return value
ap_idle out 1 ap_ctrl_hs matrixmul | return value
ap_ready out 1 ap_ctrl_hs matrixmul | return value
a_address0 out 4 | ap_memory a array
a_cel out 1 | ap_memaory a array
a_ql in 8 | ap_memaory a array
b_addressD out 4| ap_memory b array
b_cel out 1 | ap_memaory b array
b_g0 in 8 | ap_memory b array
res_address0 | out 4 | ap_memory res array
res_cel out 1 | ap_memaory res array
res_wel out 1 | ap_memaory res array
res_d0 out 16 | ap_memory res array

Obrdzok 14 Generované signdly rozhrania

Mozete si vSimnut, Ze riadiace signaly ap_clk, ap rst, ap_idle a ap_ready boli automaticky dané
do dizajnu. Tieto signaly st pouZivané ako tzv. handshaking signaly, ktoré ukazuju, kedy je dizajn
pripraveny zacat’ vykonavat’ d’alsi prikaz vypoctu (ap_ready), kedy d’alsi vypocet zacal (ap_start)
a kedy su vypocty dokoncené (ap_done). Ostatné signdly sa generuju na zadklade vstupnych

avystupnych signalov v dizajne aich predvolenych alebo zadanych rozhrani.

Pouzivanie Pohladu analyzy (Analysis Perspective)

Vyber Solution > Open Analysis Perspective alebo klikni na panely nastrojov na

#5 Debug |1 | Synthesis | 61 Analysis pre otvorenie pohl'adu analyzy.

V nasledujicom pohl'ade moézete vidiet’ niekol’ko okien.

Okno Module Hierarchy zobrazuje vykon a informacie celého dizajnu a je mozné ho pouzit’ na
navigaciu hierarchiou.

Okno Performance Profile zobrazuje podrobnosti o vykone pre dant uroven hierarchie.
Informacie v tychto dvoch oknach st podobné informéciam, ktoré boli zobrazované v suhrnne;
sprave.

Okno Performance zobrazuje ako st operacie v tomto bloku naplanované do hodinovych cyklov.

e  Tavy stipec zobrazuje prostriedky

e horny riadok zobrazuje stavy c0 az c¢5. St to vnutorné stavy pouzivané na vysokej

urovni syntézy na napldnovanie operacii v hodinovych cykloch



5.2.

5.3.

Pl Vivado HLS - matrixmul.prj (C:\Vivado_projects\labT\matrixmul.pr)

File Edit Project Solution Window Help
IR RiA Bieri® © 35 Debug s | Synthesis | &> Analysis
#] Module Hierarchy | 5 = O |0 Synthesis(solutionl) | Performance(solutionl) 51 = 8
BRAM DSP FF LUT Latency Interval Pipelinetype
Current Module : matrixmul
o matrixmul 0 1 6 62 106 107 none
Operation\Control Step | co C1 Cc2 c3 Cc4 Ccs
1-23 ERow
7 Performance Profile i3 | | Resource Profile =R
Pipelined Latency Initiation Interval  Iteration Latency  Trip count
v © matrixmul - 106 107 - -
1 Properties 5 Eo>Gm = o
Property Value
< >

Obrazok 15 Pohlad analyzy

Rozbalte jednotlivé cykly Row, Col a Product kliknutim na + pri ich nézve.

=1 Synt! ttion1) =' Perform 1) 5

Current Module : matrixmul

‘ Operation\Control Step co C1 Cc2 Cc3 C4 C5

1 FRow

2 i (phi_mux)

3 exitcond? (icmp)
4 i1(+)

5 tmp_s(-)

6 E1Col

7 3 (phi_mux)

8 exitcondl (icmp)
9 J_1(+)

10 tmp_2 (+)

11 [=Product

12 res_load (phi_mux)
13 K (phi_mux)

14 nods_40 (write)
15 exitcond (icmp)
16 X 1(+)

17 tmp_ 4 (+)

18 tmp_11(-)

19 tmp_12 (+)
20 2 load(read)
21 b_load(read)
22 Tmp_7 (%)
23 tmp_8 (+)

Obrdazok 16 Zobrazenie jednotlivych cyklov rozbalenim cyklu Row

Z toho mozete vidiet, ze v prvom stave C1 cyklu Row sa kontroluje ukoncovacia podmienka (exit
condition) a vykonavaju sa tu pridavacie operacie. Okrem toho je to pocitadlo na s¢itavanie poctu
iteracii cyklu.

Operacie vyplyvajice z cyklu st zafarbené na Zlto, Standardné operacie su zafarbené na fialovo
a ostatné Ciastkové bloky su zafarbené na zeleno (v nasSom pripade nemame ziadne funkcie na

nizsej urovni).

Kliknite pravym tlacidlom mysi na fialové policko stavu C1 riadku 4 a vyberte moznost’ Goto

Source.



Panel so zdrojovym kodom sa zobrazi v spodnej ¢asti okna so zvyraznenym 75. riadkom, kde sa

zacina cyklus Row svoju ¢innost’. V d’alSom stave (C2) zac¢ina svoju ¢innost’ cyklus Col.
ED Synthesis(solution) = Performance(solutionl) &2

Current Module : matrixmul

Operation\Control Step CO Cc2 C3 C4 C5
1 [Row
2 i(phi_mux)
3 exitcond? (icmp)
5 z;:_(; )( 0 Goto Source
6 Scol Goto Verilog
7 J (phi_mux) Goto VHDL
g8 exitcondl (icmp)
9 J_1(+)
10 tmp 2 (+)
11 -|Product
12 res_load (phi_mux)
13 k(phi_mux)
14 node 40 {(write)
15 exitcond (icmp)
16 'S WES

Performance | Resource

[T Properties C Source 3

File: C\Vivado_projects\labT\matrixmul.cpp
75 Row: for(inti=0; i < MAT_A ROWS; i++) {

76 // lterate over the columns of the B matrix
77 Col: for(int j= 0; j « MAT_B_COLS; j++){
78 {f Do the inner product of a row of A and col of B

Obrazok 17 Zobrazenie zdrojového kodu cyklu Row

5.4. Rozbal'te vSetky polozky v okne Performance Profile a vS§imnite si hodnoty, ktoré obsahuju
stipce Latency, Iteration Latencies a Trip count jednotlivych cyklov.

EF Performance Profile 2 .| Resource Profile H F = 8

Pipelined Latency Initiation Interval  Iteration Latency  Trip count

v '@ ‘matrixmul} - 106 107 - -
~w @ Row no 105 - 35 3
v @ Col no 33 - 1 3

@ Product no 9 - 3 3

Obrazok 18 Okno Performance Profile
Pocet iteracii je mozné vidiet' aj podrzanim mysi na zIté riadky jednotlivych cyklov v okne

Performance (zobrazené dialdgové okno zobrazuje $tatistiku cyklu).

6 —|Col

T J (phi_mux) Property Value
8 exitcondl (icmp) Pipelined: no

9 J_1(+) Latency: 33
10 tmp 2 (+) Initiation Interval: -

11 -|Product lteration Latency: 11
12 res_load (phi_mux) Trip count: 3

13 k (phi_mux)

Obrdzok 19 Statistika cyklu

5.5. Kliknite na matrixmul v okne Modul Hierarchy a vSimnite si, ze polozka nie je rozsirena, pretoze

v dizajne nie st definované ziadne funkcie na niz$ej urovni.



5.6. Prepnite sa na okno Resource Profile a pozorujte jednotlivé zdroje, kde boli pouzité. Rozbalenim

sekcii Expressions a Registers mozete vidiet’ ako boli zdroje vyuzité, v ktorych operaciach.

réEl Performance Profile | |

BRAM
v @ matrixmul 0
ot /O Ports(3)
?g Instances(0) 0
Memories(0} 0

Obrdazok 20 Okno Resource Profile

E Expressions(13) 0
161 Registers(13)

FIFQ(D) ]
[@ Multiplexers(3) 0

Resource Profile &2

F EH = 8
D5P FF LUT BitsP0 Bits P1  Bits P2 Banks/Depth  Words W*Bits*Banks
1 61 67
32
0 ]
] ] ] 0 0
1 0 4 61 58 0
61 64
0 0 o o
0 23 23 ]

5.7. 'V okne Resource(solutionl) sa prepnite na kartu Resource arozbal'te polozky I/O Ports a

Memory Ports. Pozorujte, ktoré operacie a prostriedky boli pouzité, a v ktorom stave sa pouzivali.

=] Synthesis(solution1)

Current Module

: matrixmul

=' Resource(solutionl) 2

Resource\Control Step Co C1 c2 C3 c4 C5
1 EI/0 Ports
2 a(p0) read
3 res (pd) write
4 b (p0) read
5 [FMemory Ports
6 a(p0) read
7 res (pd) write
8 b (p0) read
9 [CExpressions
10 i 1 fu 127 +
11 i phi fu 79 phi_mux
12 tmp s fu 149 _
13 exitcond2 fu 121 icmp
14 tmp 2 fu 171 +
15 j_1 fu 161 +
16 j_phi_fu 90 phi_mux
17 exitcondl fu 155 icmp
18 tmp 12 fu 225 +
19 tmp_4 fu 187 +
20 k 1 _fu 187 +
21 res load phi fu 101 phi_mux
22 k phi_fu 114 phi_mux
23 tmp 11 fu 219 =
24 exitcond fu 181 icmp
25 tmp_8_fu_247 ¥
26 tmp_7_fu 241 *

Performance | Resource

Obrazok 21 Karta Resource

5.8. Kliknite na Synthesis na paneli nastrojov pre navrat na pohlad Synthesis.



6.3.

Spustenie C/RTL Co-simulacie

Vyberte Solution > Run C/RTL Cosimulation alebo kliknite na */ na paneli nastrojov, ak sa
nachddzate v pohl'ade Synthesis. Nasledne sa zobrazi dialogové okno.

V casti RTL Selection vyberte moznost’ VHDL.

u Co-simulation Dialog

C/RTL Co-simulation

Verilog/VHDL Sirnulater Selection

Auto w~
RTL Selection
() Verilog (® VHDL
Options
[ Setup Only

Dump Trace |none
[] Optimizing Compile

[[]Reduce Diskspace

Compiled Library Location | Browse...

Input Argurnents |

[ De not show this dialog box again.

Obrazok 22 CIRTL Co-simulation dialégové okno

Kliknite na OK pre spustenie VHDL simulacie.

C/RTL Co-simulacia sa spusti, vygeneruje sa a skompiluje niekol’ko suborov a nasledne sa

nasimuluje dizajn. Prechadza tromi fazami.

. Najprv sa VHDL test vykonava pre generovanie vstupnych podnetov pre RTL dizajn

° Potom je vytvoreny RTL test s novo vygenerovanymi vstupnymi podnetmi a nasledne
prebiecha RTL simulécia

° Nakoniec sa vystup z RTL porovna s vysledok z VHDL testu.

V konzolovom okne mozete vidiet’ postup a spravu o schvalenom vysledku (Test passed).



Starting C/RIL cosimulation .
C:/Xi vado HL 115.4/ ivado hls.bat C vado_projects/labl/matrixmul.pr]
@I [HL5-10] Rumning 'C:/Xilinx/Vivado HL5/2015.4/bin/unwrapped/winé4.o/vivado hls.exe'
for user 'Simona Benedikova' on host 'simona' (Windows NT amdé4 version 6.2) on Sat Mar 26
13:14:48 +0100 2016
in directory 'C:/Vivado projects/labl’

@I [HL5-10] Opening project 'C:/Vivado_projects/labl/matrixmul.prj'.
@I [HL5-10] Opening solution 'C:/Vivado projects/labl/matrixmul.prj/solutionl’.
@I [5YN-201] Setting up clock 'default' with a period of 10ns.
@I [HL5-10] Setting target device to 'xc7z020clg484-1"'
@I [SIM-47] Using XS5IM for RTL simulation.
@I [S5IM-14] Instrumenting C test bench ...

Build using "C:/Xilinx/Vivado HLS/2015.4/msys/bin/g++.exe"

Compiling apatb matrixmul.cpp

Compiling matrixmul.cpp pre.cpp.tb.cpp

Compiling matrixmul test.cpp _pre.cpp.tb.cpp

Generating cosim.tv.exe
@I [5IM-302] Starting C TB testing
{
{870,906,942}
{1086,1131,1176}
{1302,1356,1410}

1/cosim.tcl

Test passed.

@I [S5IM-333] Generating C post check test bench
@I [5IM-12] Generating RTL test bench ...

@I [S5IM-322] Starting VHDL simumlation.

@I [SIM-15] Starting XSIM ...

wrmxk® yaim v2015.4 (64-bit)
#%%% OW Build 1412921 on Wed Nov 18 09:43:45 MST 2015
##%% TP Build 1412160 on Tue Nov 17 13:47:24 MS5T 2015
##% Copyright 1986-2015 Xilinx, Inc. All Rights Reserved.

source xsim.dir/matrixmul/xsim script.tcl

# x5im {matrixmul} -maxdeltaid 10000 -autoloadwcfg -tclbatch {matrixmul.tcl}

Vivado Simulator 2015.4

Time resolution is 1 ps

source matrixmul.tcl

#% run all

NHote: simulation done!

Time: 1245 ns Iteration: 1 Process: /apatb_matIimel_tDp/gEnErate_sin;done_proc File:
C:/Vivado projects/labl/matrixmul.prj/solutionl/sim/vhdl/matrixmul.autotb.vhd

Failure: NCEMAL EXIT (note: failure is to force the simumlator to stop)

Time: 1245 ns Iteration: 1 Process: /apatb_matIimel_tDp/gEnErate_sin;done_proc File:
C:/Vivado projects/labl/matrixmul.prj/solutionl/sim/vhdl/matrixmul.autotb.vhd

£finish called at time : 1245 ns

#% quit

INFOQ: [Common 17-206] Exiting xsim at Sat Mar 26 13:15:37 2016...

@I [SIM-316] Starting C post checking ...

i

(870,906,942}

{1086,1151, 1176}

{1302,1356,1410}

Test passed.
BI [SIM-1000] *** C/RTL co-simulation finished: PASS *#*%

Obrazok 23 Konzolové okno po ukonceni co-simuldacie

6.4. Akonahle je simulacia dokon&end, otvori sa sprava o co-simulacii v konzolovom okne. Sprava
hovori, ¢i bol vysledok simulacie schvaleny alebo nie. Okrem toho sprava zobrazuje namerané
latencie a interval.

Vzhladom k tomu, Zze sme vybrali len VHDL, vysledok zobrazuje latencie a interval, ktoré

oznacuju po kol’kych hodinovych cykloch bude mozné poskytnut’ d’alsi vstup.

/. Zobrazenie vysledkov simulacie vo Vivado

7.1. Spustenie Verilog simulicie so zvolenymi nastaveniami Dump Trace

7.1.1. Vyberte Solution > Run C/RTL Cosimulation alebo kliknite na ®/ na paneli nastrojov.



7.1.2. V zobrazenom dialdbgovom okne kliknite v ¢asti RTL Selection vyberte moznost Verilog

a ponechajte moznost’ Auto v Casti Verilog/VHDL Simulator.

7.1.3. Vyberte moznost’ All v ¢asti Dump Trace a kliknite na OK.

u Ca-simulation Dialeg

C/RTL Co-simulation

Verilog/VHDL Simulator Selection

Aute ~
RTL Selection
®) Verilog () VHDL
Optiens
[] Setup Only
Dump Trace | all ~

Obrazok 24 Nastavenie pre Veriloc co-simuldciu

Akonahle je co-simulacia dokonéenda, automaticky sa zobrazi v konzolovom okne
potvrdzovacia sprava o schvalenom vysledku. NavySe preto, Ze boli pouzité nastavenia Dump

Trace a Verilog, v adresari simulacie Verilog mozete vidiet’ dve suborové polozky.

v [= sim
(= autowrap
(= report
=
v [ verilog
rri AESL_automem_a.v
st AESL_automem_b.v
rrd AESL_automern_res.v
{ check_sim.tcl
matrixmul.autotb.oy
matrixmul.performance.result.transaction.xml
=| matrixmul.prj
matrixmul.result.lat.rb

/' matrixmul.tcl

matrixmulv
= matrixmul.wdb

A run_sim.tcl

run_xsim.bat

[%] sim.bat

= webtalk_1816.backup.jou
webtalk_1816.backup.log
webtalk.jou

=| webtalk.log

xelab.log
xelab.pb
Hsim.jou

xsim.log
(= xsim.dir

Obrazok 25 Okno Explorer po skoncent Verilog co-simuldcie
Sprava co-simulacie ukazuje, Ze test pre Verilog bol schvaleny spolu s vysledkami pre latencie

a interval. Taktiez mozete vidiet’ vysledky z predchadzajticeho spustenia co-simulacie.



7.2. Spustenie Vivado 2015.4 a vloZenie prikazov do prikazového riadku

7.2.1. Spustite Vivado 2015.4 cez Start > Vietky programy > Xilinx Design Tools > Vivado 2015.4

7.2.2. Po spusteni programu napiste nasledujuce prikazy do prikazového riadku okna Tcl Console
cd c:/Vivado_projects/labl/matrixmul.prj/solutionl/sim/Verilog
current_fileset
open_wave_database matrixmul.wdb
create_wave_config
add_wave /

Po zadani predchadzajucich prikazov sa nacita projekt, vysledky a priebeh simulacie.

7.2.3. 'V okne kde sa nachadza priebeh simulacie kliknite na b pre plné priblizenie aby ste v ramci
simulécie videli jednu iteraciu.

7.2.4. V okne Objects vyhladajte a_address0. Na najdeny vysledok kliknite pravym tla¢idlom mysi
a vyberte moznost Radix > Unsigned Decimal. To isté spravte aj pre b_addressO a
res_address0.

7.2.5. Tak isto vyhl'adajte a_q0, b_g0, a res_d0 a vybrte moznost’ Radix > Signed Decimal.

7.2.6. V priebehu simulacie sa mierne posufite nizSie aby ste videli signaly rozhrania ap _*.

£ untitled 1*  x [

Obrazok 26 Priebeh simulacie



Vsimnite si, Ze akonahle sa zacal vykonavat’ ap start, ap idle skon¢il svoju ¢innost’ ¢o znaci,
ze dizajn je v rezime pocitania. Signal ap idle je vypnuty pokial’ sa nevykona signal ap done,

ktory znac¢i dokoncenie procesu. To znamend 106 hodinovych cyklov latencie.

7.2.7. Pouzite tlacidlo pribliZenia tak, aby ste videli priebeh od ~120 do ~550 ns.
Vsimnite si, Ze dizajn oCakava prvky, ktoré poskytuju signaly a_address0, a ceo, b_address0,

b_ceo a vysledok na vystupe pouziva res_d0, res_we0 a res_ce0.
7.2.8. Prezrite si aj ostatné Casti simulacie a pokuste sa pochopit’, ako dizajn funguje.

7.2.9. Po prezreti, vyplite Vivado cez File > Exit. Kliknite na OK a vypnite program bez uloZenia

(moznost’ Discard).

8. Export RTL a implementacia

8.1. Vo Vivado HLS vyberte Solution > Export RTL alebo kliknite na .
Otvori sa dialogové okno Export RTL Dialog.

A Export RTL Dialog X

Export RTL
#

Format Selection

IP Catalog ~ | | Configuration...

Options
[ Evaluate Verilog i

[]Do not show this dialeg box again.

Obrazok 27 Dialogové okno pre export RTL

S predvolenymi nastaveniami (uvedené vyssie), spusti sa tzv. IP balickovaci proces a vytvori
balik pre Vivado IP katalog. S d’al$imi moznostami z rozbal'ovacieho menu je mozné vytvorit’ IP
balicky pre Systém Generator DSP/Systém Generator vyuzivajuci ISE, vytvorit’ pcore pre Xilinx
Platform Studio alebo vytvorit’ Syntetiza¢ny kontrolny bod.



8.2.

8.3.

8.4.

8.5.

V casti Option rozbalte menu a vyberte moznost VHDL a zaSkrtnite moznost Evaluate

(vyhodnotit).

Kliknite na OK spusti sa implementacia.
Mozete sledovat’ jednotlivé kroky v konzolovom okne Vivado HLS. Implementacia prechadza
niekol’kymi fazami:

. Exportovanie RTL ako IP v IP-XACT formate

. Vyhodnotenie RTL, pretoze ste zvolili moznost’ Evaluate
o prechadzajuce cez syntézu
o prechadzajuce cez Umiestnenie a Smerovanie

Po skonceni exportu sa v informacnom okne zobrazi sprava.

Mozete si vSimnut, Ze sa nacasovania stretli, d’alej si vSimnite dosiahnuté periody (7.522

[ZedBoard], 5,943 [Zybo]) a typ s mnozstvom prostriedkov, ktoré boli pouZité.

V okne Explorer pozorujte, ¢i bol vytvoreny stibor impl v ramci ktorého sa vytvorili podpriecinky
ip, report, verilog a vhdl.

1" Explorer 3 W= 8
v 2% matrixmul.prj
a Includes
= Source
fi= Test Bench
v = solutionT
4 constraints
= csim
= ip
= report
(= verilog
= vhdl
= sim
= syn

Obrazok 28 Okno Explorer po dokonceni exportu

Rozbal'te podpriecinok verilog a vhdl a vSimnite si, Ze podpriec¢inok verilog ma len rtl stibor,
zatial’ ¢o podpriecinok vhdl ma suborov niekol’ko.

Okrem iného sa tu nachadzaju aj subory ako project.xpr (stbor projektu Vivado),
matrixmul.xdc (stubor na ¢asové obmedzenie), prie¢inok project.runs (obsahuje podpriecinky

synth_1 a impl 1, ktoré sa vytvorili pri behu syntézy a implementacie).



v = solution?
%5 constraints
= csim
v = impl
= ip
(= report
(= verilog
v = vhdl
|=| autoimpllog

“ff extraction.tcl
impl.bat

|=| matrixmul.result.rb

writ matrixmul.vhd

matrixmul.xde

projectxpr

run_vivado.tcl
! settings.tcl
vivadojou

@

) [

vivado.log

(= project.cache

(= projecthw

(= projectip_user_files

w (= projectruns
= impl_1
(= synth 1
w [= report
=1 matrixmul_timing_routed.rpt
gﬂ matrixmul_timing_synth.rpt
=] matrixmul_utilization_routed.rpt
gﬂ matrixmul_utilization_synth.rpt
(= sim_ths

Obrazok 29 Adresare vyplyvajiice z implementdcie

8.6. Rozbalte priedinok ip a vSimnite

si

IP  balicek

ako

subor

formatu

(xilinx_com_hls_matrixmul_1_0.zip). Je pripraveny na pridanie do Vivado katalogu.

w = solutiont
% constraints
= csim

w (= impl
v [=ip

= autoimpllog

) auxiliaryxml

£l componentaml

pack.bat

< run_ippack.tcl

=| vivado.jou
vivado.log

g xilinx_com_hls_matrixmul_1_0.zip

i@ constraints

= bd

= doc

= example

(= hdl

= misc

= subcore

(= xgui

Obrazok 30 Obsah priecinku ip

8.7. Zatvorte Vivado HLS vyberom File > Exit.

Zip



Odpovede

Odhadovana perioda taktu:

Najhorsi pripad latencie:

Celkova hodnota DSP48E:

Celkova hodnota FF:
Celkova hodnota LUT:

8.34 ns (ZedBoard) / 6.38 ns (Zybo)
106 (ZedBoard) 133 (Zybo)

1

61 (ZedBoard) 78 (Zybo)

68 (ZedBoard) 69 (Zybo)




