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FFT Logic Design
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FFTIP (1)

Quartusll 15.0 (IP Cataloq)
Simulation with modelsim-altera

S - - =
AL [P Parameter Editor - fft_demao.gsys (EASVN\TR3\test\S5_FFT_SIM\fft_demo.qsys)

IF Catalog

Edit System Generate View Tools Help

<, FFT|

*| 4 B Installed IP
4 Library
4 DSP

asicC

4 Transforms
o, FFT

@ Search for Partner IP

J‘g Parameters 4

user guide =l

Details &0 Flock Symbol

System: fft_demo Fath: £ft 11 0

FFT

altera fft i1

.
oy Details
Dlatails

(L

Er—

Show signalg

ft_ii O

fclk

&L- reset_n

sink_walid
sink_ready
sink_gmor
sink_sop
sink_eop
sink_real
sink_imag
ftpts_in

inverse

sourze _valid

source_ready

source_error(1 Ei
SOurze_emor

SOUICE_So)
sOUrce_sop =
SOUrCE_E0)
source_gop =
source_real[28..
source_real

source_imag

fhpts_out fﬁEs o] 10..Ei

source

source_valigs
source_reacy

source_imag[28 .|

————
Bazic | Adwanced /’\
_ yd A Y ﬂﬂ% cnumplc desig
| TIransform f \ E1
Length: 1024 -
Direetion: (Bi-directional « |
[~ 1/0 | \
Data Flow: Variable Streaming '\
Input Order: -Natu.ral v-
Output Order: .Eit Reverse v.
= i ==
Date and Twiddle EE.:/‘P‘ ‘KE"
Representation: Fixed Paint -
Data Input Width: .13 vl bits
Twiddle Width: (18 = | Bits
Data Dutput Width: 2g hits
|' Latency Estimafes ! |
Calculation Latenc 1024 cyele
Throughput Latency: 024 cyelfs
@i Mezzages b - ﬁ -
Type Path Message
‘ | L C

Ig Presetz oo

Prezets for £ft_ 11 0

EARWH s

Project

liclk Hew._ ..
Library

""" No presets for FFT 15.0

to create a preset.

Apply Update. . .

Delete

wWww.CeErasic.com

0 Errors, 0 Warnings

Generate HDL. .. ] [ Finish ]
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FFT IP

(2)
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AL IP Parameter Editor - fft_demo.gsys (EASVMN\TRS\test\S5_FFT_SIM\fft_demo.gsys)

[Ele Edit System Generate View Tools Help

J‘g Parameters oo

System: fft_demo Path: £ft_11_ 0

FFT
altera f£ft 11

DDSP Elock Resource Optimization

ERE

- =

Tvpe Path Mezzage

4| 1

Details oo :13” Block Symhol o il

Show signals

fit_ii O

clk

fclk

SOLUCe
source_vall
source_read
source_error1..

source_walid

source_ready

source _ermor
fresetn S0Urce_=so|
SOUrCE_sop !
S0Urce_eo
SOUrce_eop
sink_walid source_real SHENEE . FEEI[ES_,%
i ; source_imag(25. |
sink_ready source_imarg
sink_gmor ffipts_out ffipts DL-IT[1U..%
sink_sop
sink_eop
sink_real
sink_imag
fitpts_in
inverse
alttera_fft_ii

'~5 Presets o

- o

Presets for f£ft_i1 0

~a

Project

Library

""" Click New. .. to create a preset.

""" Mo presets for FFT 15.0

Applw Update. ..

Delete

0 Errors, 0 Warnings

Generate HDL. .. ] [ Finish ]




7 Quartus i 64-81 - BV RSB SR GoerEop

File Edit View Project Assignments

JE @ % 2@ 9 o [TR5_golden_top

Processing  Toaols

Window H

|Prnject Mavigator

& x|

""'}-}

Naviea
" | W -

/iy StrY
4 EE fft_ii_0_example_design Elil
4 ﬁ‘ fft_demo:core
4 T fft demo_fft_i_0:fft_ii_0

4 L

it TAEZEH

Entity

E,% auk_dspip_r22sdf_top:auk_dspip_r22sdf_top_inst

FFTIP

(3)

-

Ay Hierarchy

@ Files

4 Design Units

wWww.CeErasic.com

asicC

— = -
_+" Settings - TR5_golden_top w - FEET YR YEREWTE B E@g
General
Files
Libraries Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
4 TP Settings
IP Catalog Search Locations File name: (] Add
Design Templates
4 Qperating Settings and Conditions File Mame Type Library  Design Entry fSynthesis Tool HOL Version
Voltage fit_ii_0_example_design/src/fft_ii_0_example_design.v Verilog HOL File <Mone = Default
Temperature fft_demo/simulationfft_demo.v Verilog HOL File <Mone= Default Remove
4 Compilation Process Settings [» fft_dema/synthesis/fft_demo.qip IP Variation File {.qip) <Maone =
Incremental Compilation fft_demo/simulation/submodules/fft_demo_fft_i_0_opt_twr4.hex  Hexadecmal (Intel-Format) File <Maone = Up
4 EDA Tool Settings fft_demo/simulation/submodules/fft_demo_fft_i_0_opt_twr3.hex  Hexadecmal (Intel-Format) File “Maone =
Design Entry/Synthesis ft_demosimulation/submodules/fft_demao_fft_i_0_opt_twrZ.hex  Hexadedmal (Intel-Format) File <Mone = Down
Simulation fft_demo/simulationfsubmodules/fft_demo_fft_i_0_opt_twrl.hex  Hexadedmal {Intel-Format) File <Mone = -
Formal Verification fft_demo//simulation submodules/fft_demo_fft_i_0_opt_twit.hex  Hexadecmal {Intel-Format) File <Mone > Properties
Board-Level fft_demo/simulation/submodules/fft_demo_fft_i_0_opt_twi3.hex Hexadecimal {Intel-Format) File <Maone =
4 Compiler Settings fft_demo/simulation/submodules/fft_demo_fft_i_0_opt_twi2.hex Hexadecimal (Intel-Format) File “Maone =
WHOL Input fft_demo/simulation/submodulesfft_demo_fft_i_0_opt_twil.hex Hexadedmal (Intel-Format) File <Mone =
Verilog HDL Input ifft_demo/simulationfsubmedules/fft demo fft i D.va i Verilog Output File <Mone=
Default Parameters
TimeQuest Timing Analyzer
Agsembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSM Analyzer
| P
TiEEE T
oK ] [ Cancel ] [ Apply l [ Help
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(4)

K

fft_i_0_example_design.v [

B @A T E=EE

.

fft_demo.v

oroem 0S 2By | = EEE

wWww.CeErasic.com

[

0 =] o Nl Lo P2

/f Eft demo.vw

Ff Generated using LCDS wersion 15.0 145

“timescale 1

es /

Blmodule fft_demo |

=

input wWire
input wWire
input wWire
output wire
input wire [1
input wWire
input wWire
input wire [17
input wire [17
input wire [1
input wWire [O:
output wire
input wWire
output wire [1:
output wire
output wire
output wire [2
output wire [2
output wire [1

eset n,
sink walid,
sink ready,
2ink error,
2ink =sop,
sink eop,
2ink real,
2ink imag,
ffrpts_in,
inverse,

i T e T o |
R —

source sop,
source eop,

[
=]
-

fft _demo fft ii 0 £ft ii O |

.clk

.reset n
.2ink walid
.5ink ready
«5ink error
.2ink =op
.2ink eop
«8ink real
.2ink imag
fftpts in
dinverse
.Source wvalid
.Source ready
.30Urce error
. SoUrce sop
.2ource eop
.source_real
«Source imag
Efcpts out

(clk),
(reset_nj,
(sink walid),
(sink ready),
(sink error),
(sink =op),
(sink eop),
(sink real),
(zink imag]),
(Eftpt=s_in),
(inverse),
(source walid),
(source ready),
(source_error),
(source_ sop),
[source eop),
(source_real),
(source_ imag),
(Eftpt=s_out)

source walid,
source ready,
Source error,

source_real,
source imadg,

£l
'
i
£l
'
'
£l
'
'
£l
'
'
i
£l
'
i
£l
'
'

ource.

clk.clk
rat.reset n
sink.sink_valid

»3ink ready
.2ink error
.2ink sop
»3ink eop
.2ink real
.2ink imag
fftpts_in

ANVEeEDSES

source wvalid

.source_ready
. S0UrcCe error
.2ource sop
.2ource eop
.Source real
.ZBource imag
.fftpts out

20

clk.clk
rst.reset n
2ink.s=zink wvalid
.3ink ready
.2ink error
.2ink =op
.2ink eop
»3ink real
.2ink imag
.fftpts in
Jinverse
urce.source wvalid
.2ource ready
. 30Urce error
. Source sop
.2ource eop
.source real
. Source imag
.fftpts out




FFTIP (5)

%ﬁ! fft_i_0_example_design.v B8 Qﬁ! fft_demo.v x|
EC N R o Enfnem 08 2Ey | 2EEE
1 Af fft ii 0 example design.v
2
3 S Generated using ACDS wersion 15.0 145
4
5 ‘timescale I p=s F 1 p= .
6 [Hmodule fft ii 0 example design | DUT - dESlgn under test
T input wire core clk clk, i core clk.clk
8 input wire Core rst reset mn, v COre rst.resSset n
o input wire core sink walid, v core sink.wvalid
10 output wire core sink ready, v Lready
11 input wire [1:0] core sink error, v LEYTOY
12 input wire core sink startofpackert, v .2tartofpacket
12 input wire core sink endofpacket, v endofpacket
14 input wire [47:0] core sink data, v .data
15 ocutput wire core source wvalid, v core_ source.valid
16 input wire core source ready, v Lready
17 ocutput wire [1:0] core source error, v .EFTOr
18 ocutput wire core source startofpackst, v .2tartofpacket
18 ocutput wire core source endofpacket, v endofpacket
20 cutput wire [62:0] core source data v .data
21 ):
22 =
23 wire [22:0] core source imag: ff port fraogment
24 wire [22:0] core source real: ff port fraogment
25 wire [10:0] core fftpts out: // port fragment
2e
27T & fft demo core |
28 .clk core clk clk), v clk.clk
29 LIEDET {core rst reset n), v rst.reset n
30 .=ink walid {core sink walid), v gink.wvalid
31 .Zink ready {core sink ready), v Lready
32 .Zink error icure[sink_errur], v LEYTOY
33 .2ink =op icore =sink startofpacket), v .2tartofpacket
34 .=ink eop {core sink endofpacket), v endofpacket
35 .Zink real {{core sink data[47:30]1}%), v .data
36 .Zink imag {{core sink datal[29:12]}), v .data
37 .fftpts in {{core sink data[ll:1]}), v .data
28 Jdnwverse {{core sink datal[C]}), v .data
38 .Zource wvalid (core source walid), S source.walid
40 .Zource ready (core source ready), v .ready
41 .S0Urce error (COre SOUrce error), v .EFTOr
42 . S0Urce sop icore source startofpacket), v .2tartofpacket
43 .Source eop icore source endofpacket), v endofpacket
44 .source real (core source real), v .data
45 .source imag (core source imag), v .data
45 .fftpts out {core fftpts out) v .data
asicC a7 ¥
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FFT IP

(6)

ﬂﬁ! fft_ii_0_example_design.v | @ fft_demo.v | ﬂﬁ!ﬂ:t_u_ﬂ_example _design_test_program. S'u'| | ‘Qﬁ!FFt_ii_D_ExampIE_design_ﬁ:.'u' @ |
B AT EE @ﬁ“ﬁ@x@@ﬁ@ﬂab ..... = FEH([E
1 /f fft_ii 0 example design tb.v -
- i
3 S Generated using ACDS wversion 15.0 145
4 L[] L]
5 _‘cimescale i ps /1 ps DUT, BFM for simulation
6 Hmodule fft ii 0 example design th | !
7 L )2
i
g wire ffr ii 0 example design inst core source wvalid: i ffr ii 0 example design inst:core source wvali
10 wire [62:0] f£ft ii 0 example design inst core source data; i ffr ii 0 example design inst:core source dat:
11 wire ffr ii 0 example design inst core source ready: i fft ii 0 example design inst core source bfm:s
12 wire fft ii 0 example design inst core source startofpacket: i fft ii 0 example design inst:core Source Stal
1z wire [1:0] fft ii 0 example design inst core Source Error; i ffr ii 0 example design inst:core SoUrce erre
14 wire fft ii 0 example design inst core source endofpacket: i fft ii 0 example design inst:core sSource end:
15 wire [0:0] f£ft i1 0 example design inst core sink bfm src walid: i fft ii 0 example design inst core sink bfm:s
le wire [47:0] fft ii 0 example design inst core sink bfm src data: i fft ii 0 example design inst core sink bfm:s
17 wire fft ii 0 example design inst core sink bfm src ready: i fft ii 0 example design inst:core sink ready
18 wire [0:0] ffr i1 0 example design inst core sink bfm src startofpacket:; i fft ii 0 example design inst core sink bfm: s
18 wire [0:0] fft i1 0 example design inst core sink bfm src endofpacket; i fft ii 0 example design inst core sink bfm: s
20 wire [1:0] fft ii | 0 _example design_ inst core_ 31nk hfm Src_error; i fft ii 0 example design inst core sink bfm: s
21 wire fft ii | 0 _example design_ inst core_ clk hﬁm clk clk i ffr ii 0 example design inst core clk bfm:cl}
22 wire fft_11_0_example_d231gn_lnst_cDIE_Ist_hfm_Ieset_Ieset: i fft ii 0 example design inst core rst bfm:re:
23
24 = fft ii 0 example design fft ii 0 example design inst |
25 .core_clk clk (Eft_ii 0 example design inst core clk bfm clk clk), i core_clk.clk
26 .COre TSt reset n (Eft_ii 0 example design inst core rst bfm reset reset), i core rst.reset n
27 .core_sink valid (Eft_ii 0 example design inst core sink bfm src walid), i core sink.valid
28 .core_sink ready (Eft_ii 0 example design inst core sink bfm src ready), i Lready
28 .core_gink error (Eft_ii 0 example design inst core sink bfm src error), i . ETTOE
30 .core_sink startofpacket (Eft_ii 0 example design inst core sink bfm src startofpacket), i . 2tartofpacket
31 .core_ =sink endofpacket (Eft_ii 0 example design inst core sink bfm src endofpacket), i endofpacket
32 .core_sink data (Eft_ii 0 _example design inst core 31nk bfm src_data), i data
33 .core_ source valid (Eft_ii 0 _example design inst core source valld], i core source.valid
34 .core_ source ready ifft_11_G_examp1e_des1gn_1nst_cnre_snurce_readg], i Lready
35 .COre SO0Urce error (Eft ii 0 example design inst core Source error), i . ETTOE
36 .core_ gource startofpacket (£fft ii 0 example design inst core source startofpacket), i . 2tartofpacket
37 .core_ source endofpacket (£Eft_ii 0 example design inst core source endofpacket), i endofpacket
3a .core_source data (£ft_ii 0 example design inst core source_data) i data
39 ):
40 -
41 = altera_avalon_clock source 7|
47 .CLOCE_RATE (50000000),
43 .CLOCE_UNIT (1)
44 ) £ft_ii 0 example design inst core clk bfm |
45 .clk (fft_ii 0 example design_inst core clk bfm clk clk) S olk.clk
46 )
47 -
48 = altera_avalon_reset source 7|

£s
—
2

ToOCTnRT OT,SO nNToTT L
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FFTIP (7)

fft_ii_0_example_design.v 1 | i fft_demo.v ¢ | i ft_ii_0_example_design_test_program.sv [£J |

BET EEafTem 08 28 | 2EEE

www.Cerasic.com

15
20
21
22
23
24
23
26
27
28
29
30
31
32
B
S
B
36
ST
38
3
40
41
42
43
44
45
46
47
48
Lt

o
S
1
=T

&0
L
L
63
64
85
(15

Nnzole messaging leve

import avalon utilities pkg::¥®;

] T bosit kg::i®; Ll ¥ .

nport verbosity pkg {ﬁg@& g J—Lﬁ){llb
= A=

“define VERBOSITY VEREBCSITY NONE

JS/BFM hierachy

“define CLEK tb.fft ii 0 example design inst core clk bfm
“define R5T tb.fft ii 0 example design inat core rst bfm
“define SRC tb.fft ii 0 example design inst core sink bfm
"define SHE tb.fft ii 0 example design inst core source bfm

S /Test parameters
“define BACK_PRESSURE "falze"™
“define FDRWRRD_PRESSURE

RN s

RLAL FILE "ffr ii 0 example design real input.tTxc” S ORE pgrponent of input data, formatted as integers (fixed pe
IN THaAG FILE "fft ii 0 example design imag input.txt" S Imagina cpoponent of input data, formatted as integers (f£i:
OUT_REAT. FILE "fft ii 0 example design real output.tCxt"” S Real compOWgnt of output data, formatted as integers (fixec
define OUT_IMAG FILE "fft ii 0 example design imag output.tCxt"” S Imaginary coWgponent of output data, formatted a=s integers
"define OUT_EXFP FILE "fft ii 0 example dezign exponent output.txt” ff Exponent dpmponent of output data, formatted as integer:
 define OUT_ LATENCY FILE "fft ii 0 example design latency report.txt" Jf Expone component of output data, formatted as integ
IN BLE FILE "fft ii 0 example design blksize report.txt" ff List of fck sizes used in wvariable sized ffts, 1 per lir
IN TNV _FILE "fft_ii_D_example_design_inverse_report.txt"ff List o rections for FFT in bi-directional mode, 1 per 1]
“define REPRESENTATION "Fixed Point" //Fixed or Float or Block
“define B IN 7% or SINGLE preci=ion Float
"define B OUT 29 //32 i =
“define DIRECTICH "Bi-directional"™ // Reverse or Forward or Bi-directional
“define DATA FLOW "Variakle Streaming"” S/ Buffered Burst or Burst or Streaming or Variable Streaming
“defize 1024 f/Max for wvariable size

175 ELI (8] 45

“timescale 1nzs/lps

module test programi):;

instantiate the testbench =ys . Ve ov— p—
ffr_ii 0 example design tb th(): '[,JEE”EH test benChy EFIZE{TDUT

localparam FFT REP WIDTH = $clng2t‘FFT_LENGTH+;};

//BFM related paramsters

localparam SRC D W = 2*#'B_IN;
localparam SRC L W = ("DATA FLOW == "WVariable Streaming™) ? FFT_REP WIDTH : 1; ffset to 1 when not used to avoid -1:0 range
localparam SRC TNV W = ("DIRECTION = "Bi-directional"™) ? 1 : 0O;

I 3

m




FFTIP (8)

t . = - = O v — — =
_+" Settings - TRS_golden_top v - A B L] - we . e = | [=] g
M
General Simulation
Files
Libraries Spedfy optionstapi@igsating output files for use with other EDA toals.

4 TP Setfings

IF Catalog Search Locations
Design Templates

4 QOperating Settings and Conditions
Voltage
Temperature

4 Compilation Process Settings

N Incremental Compilation

4 EDA Tool Settings QOutput directory:  simulation/modelsim E]
Design Entry/Synthesis

[l Simulation [] Map illegal HOL characters Enable glitch filtering

Formal Verification Options for Power Estimation
Board-Level
4 Compiler Settings [ Generate Value Change Dump (VCD) file script | Script Settings...
VHOL Input
Verilog HDL Input Design instance name:
Default Parameters
TimeQuest Timing Analyzer
Aszembler [Mure EDA Metlist Writer Settings...
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
55N Analyzer

- Time scale: |1us - ]

Mativelink settings

@ Compile test bench: | test_program v] h’est B_Eﬂmes...]

|| Use script to et up simulaton:

(7} Script to compile test bench:

R [Mnre Mativelink Settings. ..

QK ] ’ Cancel Apply
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FFTIP (9)

i Edit Test Bench

Edit test bench settings for the selected test bench.

Test bench nameffl test program

Top level module in test bench:  test_program tESt be HC h n a m e

] Use test bench to perform VHOL timing simulation
Design instance name in test bench: |MA

Simulation period

J| @ Run simulation until all vector stimuli are used

(") End simulation at: _

Test bench and simulation files

File name:

[we] [ add

tt_ii_0_example_designfsrcfaltera_avalon_dock_source.sv
fft_ii_0_example_design/src/altera_avalon_reset_source.sv

fft_ii_ 0 example_designfsrc/faltera_avalon st sink _bfm.sv
fft_ii_0_example_design/srcfaltera_avalon_st_source_bfm.sv
_ii_0_example_design/src/fft_ii_0_example_design_tb.v

0 example_design/src/fft_ii 0 example design_test program.sv

Library

test bench include file

HDL Version Remove
Up
Down
Properties...
Default

oK | | Cancel | | Help




FFTIP (10)

o SR E G T IREE G e, 1L

EDA netlist writer’& 2 5¢ B,

quartusll FF45 o 225 9 1%

* Analysis & Synthesis

) 4

T°E

i )i

Zl],

By

EE

modelsim, FF5EMRITE, TR E G




FFTIP (11)

- - : .- L= | )
@i;)'| ov HHEHL » work (E) » SYN » TRS » test » S5_FFT_SIM » simulation » modelsim » - | 4 | | HEE modelsim Je |
av  AaF - am sEswsE =~ [ @
S s ﬁf;ﬁ_ o E’Eﬂiﬁﬂ ﬂ For 1
§ FE || fft_demo_fft_ii_0_opt_twi2.hex 2015/7/8 16:47  HEX Zf 2 KB P
=5 || fft_demo_fft_ii_0_opt_twi3.hex 2015/7/8 16:47  HEX SZf 1 KB
= EEmsEme L fft_demo_fft_ii_0_opt_twid.hex 2015/7/8 16:47 HEX 32{% 1KB
|| fit_demo_fft_ii_0_opt_twrl.hex 2015/7/8 16:47 HEX 3744 5 KB
— || ffit_ demo_fft_ii_0_opt_twr2.hex 2015/7/8 16:47 HEX 3z{4 2 KB L
Iﬁ —
, || fit_demo_fft_ii_0_opt_twr3.hex 2015/7/8 16:47 HEX 3% 1KB
=1 Subversion . o N
= || fit_demo_fft_ii_0_opt_twrd.hex 2015/7/8 16:47 HEX 32{& 1KB
| ffii_0_example_design_blksize_report  2015/7/8 17:16 A 1KB
= ER i ey i 2015/7/8 1T7:16 A & KB
@ S fft_ii_0_example_design_imag_output JO15/7/8 18:36 i N 23 KB N
o BR PR 1572 17:16 AR 1 KB
|| fit_ii_0_example_design_latency_report  2015/7/8 18:36 A 1KB /[ﬁ E‘&ﬁiﬁ' II:H | -.E fﬁ{: , | [;/L i[:T 3:-‘ ﬁ:%‘
- HE] ii i i 2015/7/8 1T7:16 A 12 KB " e A 3
&, Finpas (C) fft_ii_0_example_design_real_output 2015/7/8 18:36 WA 23 KB }[ﬁ E‘ Elzl %;FHH II:E[ Ri%
., software (D3 2015/7/818:20 EEAE 11 KB
—, work (E3 | | msim_transcript 2015/7/8 18:52 = 73 KB
|| TR5_golden_top.sft 2015/7/8 18:20 SFT 3% 1KE
=a user? [F)
|| TR5_golden_top.svo 2015/7/8 18:20 SVO 30 28,532 KB
@ || TRS_golden_top.vo 2015/7/8 17:58 VO 32 28,532 KB
W | TR5_golden_top_modelsim 2015/7/8 18:20 A 6,011 KB
| | TR5_golden_top_run_msim_gate_syst..  2015/7/8 18:20 0o i 2 KB
|| TR5_golden_top_run_msim_gate_syst..  2015/7/7 17:56 BAK 37{% 2 KB
|_| TRS_golden_top_run_msim_gate_syst..  2015/7/7 19:22 BAK1 3744 2 KB <

& fft_ii_0_example_design_real_output #Z#£7HES: 2015/7/8 18:36
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F 22,5 KB

2ZEHE8: 2015/7/8 17:59




M ModelSim ALTERA STARTER EDITION 10.3d

FFTIP (12)

File Edit View Compile

H-FH- S LRBO20-AEN || ST

Simulate Add Wave Tools L

ayout Bookmarks Window Help

EH%%w%_

100 ps -4

TIEL

J Layout |Simulate

% o & %

N o ] LB

L& &

2 - 4 - o | Search:

QLRALUR

M Library l B Memory List

| v
&= [ D

<

O R M O X X R K K X R X X OO

Now 46210000 ps
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IM_CI¥IF 1T _W « Pdid... LI
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& Src_Error t test_pro MAXVAL_EXP NotL... .. Internal Jtest_program/data_counted_out
& Snk_Data_t test_pro OFFSET_EXP NotL... ... Internal fEserno T
& Srk_Channel_t test_pro avalon_setti Low Internal ftest_program/data_file_in
| Snk_Eerr_t. test_pro data_counted_in 838 Internal ftest Jxogarn,fdam_ﬁe_out
+ o src_transach.on_dass src_tran: & datz) counted out —_— feeet erocrant _Tile_c
+ Hl snk_transaction_dass snk_tran # stxtibme i — ,fte:t am
+ ol test_threads test_pro 4 start_time_out Internal S
ol #ublk#37524772458 test_pro B - ftest_program/k
ool t FFi_0_ - ntemal = ftest_program/]
' —E.} £INITIAL#399 test_pro - - Jtest_program/m
(+-l verbosity_pkg verbosit ‘ﬁ Processes (Active) EE Hdlx ftest_program/frate_test
+8 avalon_utilities_phkg avalon_L V1Name |Ty|:|e (filtered) |513te |Drder iJ ftest_program/freset_length
Ml fft_i_0_example_design_test_program_sv_unit ft_i_0 <4 ftest_program/flag
+-ml std std - ftest_program/src_q_size
+—4 altera_Insim_functions altera_In < [test_programjsnk_q_size
|’ #vsim_capacity# j Jtest_program/fft_index
-
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j
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B .,A:
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFQ: test_program.
INFO: test_program.
INFO: test_program.

- ii_0_example design inat_ core_3ink bfm._ hello:
ft_ii 0 _example_design inst_core_sink bfm. hello:
_ii_0_example_deaign_inat_core_sink bfm._ hello:
ft_ii 0 _example_design inst_core_sink bfm._ hello:
_ii 0_example design_inst core_sink bfm._ hello:
ft_ii 0 _example_design inat_core_sink bfm._  hello:
_ii_0_example design_inat_core_sink bfm._ hello:
ft_ii 0_example_design_inst_core_sink_bfim._ helle:
. ii_0_example design inat_core_sink bfm._ hello:
ft_ii 0_example_design inat_core_sink bfm._ hello:

INEQS —mmmmmmmmm e e

INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFQ: test_program.
INFO: test_program.
INFO: test_program.
INFQ: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.
INFO: test_program.

th.fft ii 0_example design inat core source bfm._ hello:
th.fft ii_0_example design_inst core_source bf
th.fft_ii_0_example design_inst_core_source bim._ hello:
th.fft ii_ 0_example design inat core source bfm._  hello:
th.fft ii_ 0_example design inst core_scurce bfim._ hello:
th.fft ii_0_example design inst core source bim._ hello:
th.£ft ii_0_example design_inst core source bfm._ hello:
th.fft_ii 0_example_design_inst_core_source_bim._ hello:
th.fft ii_ 0_example design inat core source bfm._  hello:
th.£ft ii_0_example design_inst core source bfm._ hello:
th.fft_ii 0_example_design_inst_core_scurce_bim._ hello:
th.fft ii 0_example design inat core source bfm._ hello:
th.£ft ii_0_example design_inst core source bfm._ hello:
th.fft_ii_ 0_example_design_insat_core_scurce_bfm._ hello:
th.fft ii 0_example design inat core source bfm._ hello:
th.fft ii_ 0_example design inst core_scurce bfim._ hello:
th.fft_ii_0_example design_inst_core_source bim._ hello:

INFQ: —mmmmm e e e e e e e e

verbosity_pkg.set_wverbosity: Setting Verbosity level=0 (VERBOSITY

sim: ftest_program

.__hello:

ST_EMPTY W =1

ST_READY LATENCY = 0
ST_MAX_CHANNELS = 0

ST_BEARTSPERCYCLE = 1
USE_PACKET
USE_CHANMEL

USE_ERRCR =
USE_RERDY =
USE_VALID =
USE_EMETY =

1
=

= |

- Hello from altera awvalon st _sink bfm.
- tRevizion: #1 &

-  &Date: 2015/02/08& &
-  5T_SYMBOL W =

-  5T_NUMSYMBOLS =
-  5T_CHANNEL_W =
-  5T_ERROR_W =
- 5ST_EMFIY W

-  5T_RERDY LATENCY
-  5T_MAX CHANNELS

-  5T_BERTSPFERCYCLE
-  USE_PACEET =
-  USE_CHANNEL

-  TUSE_ERROR

-  USE_READY =
- USE_VALID =

[=3]
=]

1
= =N el L

=R |

- USE_EMETY

SN |

0 ps to 72024064 ps
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A\ MATLAR R2012b
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- L Open Watiable = kip Run and Time (5 Set Path
Meww  MNeww  Open | 1= Compare Impart Save Simulink  Layout
Script - - Data  Workspace @ClearWnrkspace * [ Clear Commands ~  Library - =LJ Parallel -
FILE WiR A LE CODE SIMULINE EMN"IRONMENT
Sl e B D0k oaltera ¥ 150 * quartus * dsp_builder ¥ DesignEzamples » Demos b Transforms * BPoinkFFT »
Current Falder Carnrnand Windouw
Mame - fx s
DITEFFT_dspbuilder
slprj
|| DITBFFT.ip=
\*& DITSFFT.mdl
|| DIT3FFT.mdl.r1d (sp3)
|| DITBFFT.mdlxrml
|Z| DIT3FFT.qip

|Z| DITAFFT _add.tcl
|| fft_ii_0_example_design_blksize_report.tet

|| ff_ii_0_example_design_latency_reportb
fﬂ f_ii_0_example_design_model.m
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FFT OpenCL
 FFT examples for OpenCL

e https://www.altera.com/products/design-software/embedded-software-

developers/opencl/developer-zone.html#tdesignexamples

FFT (1D

FFT Off-Chip
(10)

FFT (2D

Rasic|

wWww.CeErasic.com

Single-precision
floating-point
optimizations
Single work-
item kernel

Single-precision
floating-point
optimizations
Kernel channels
Optimized
memaory
accesses

Single-precision
floating-point
optimizations
Kernel channels
Memory access
pattern
optimizations
Multiple
simultaneous
kernels

Mix of single
work-item and
NDRange
kernels

Performance

Performance
Getting started
with kernel
channels

Performance
Getting started
with kernel
channels

This design example demonstrates a high-
performance 1D radix-4 complex fast Fourier
transform (FFT) or inverse fast Fourier transform
{IFFT} engine using OpenCL. This example takes
advantage of the efficient sliding window data reuse
pattern.

This design example is a high-performance
implementation of a one million point FFT. Such
large FFTs cannot be done completely on the FPGA
and this example demonstrates how to efficiently
manage the memory accesses.

This design example demonstrates a high-
performance 2D radix-4 complex FFT/IFFT engine
using Open(L. This engine is targeted at large
problem sizes (1024x1024 by default) and uses
global memory to store the intermediate
transposition. One aspect highlighted by this
example is how to efficiently perform matrix
transposition in global memory.


https://www.altera.com/products/design-software/embedded-software-developers/opencl/developer-zone.html%23designexamples

DE5-Net: Altera OpenCL F &L iEFE

The traditional OpenCL model has a host that The Network platform deviates from the traditional OpenCL model by extracting the datapath
passes data to the accelerator system over PCl OpenCL from the PCle command and status path. Data is now streamed into the kernels using /0
Express® (PCle). For the High-Performance - channels, without host interaction over two 10 Gb user datagram protocol (UDP) ports. This
Computing (HPC) platform, the system I streaming architecture allows the host to configure the datapath pipeline and then step out of
requires a large amount of local bulk storage UMD the picture for a much lower latency data processing path that traditional FPGA developers are

for processing the data that the host sends to
the accelerator. These applications require
large amounts of memory bandwidth and are
systems where computing power is of most

used to. Applications using this platform are much more concerned with achieving a lower
latency result.

(OpenCL Kernels)

importance. This platform is the standard OpenCL
platform for OpenCL accelerators. API
HAL
23

To get started evaluating the standard HPC platform architecture, you can:

106

upp

» Download a reference design that runs on the HPC platform and learn the OpenCL
application development flow
+ Download an HPC platform by one of our Altera Preferred Board vendor boards

.
+ Purchase a commerdial off-the-shelf (COTS) board that supports the HPC platform from

one of our Altera Preferred Board vendors by clicking their logo below To get started evaluating the low-latency Network platform architecture, you can:

+ Download a reference design that runs on the Network platform and learn the OpenCL
Py qeaaa e, icacomouting application development flow
- Custom Embedded Systems Q ¥ i » Download a Network platform by one of our Altera Preferred Board vendors boards

» Purchase a COTS board that supports the Network platform from one of our Altera
Preferred Board vendors by dlicking their logo below

A\ Nallatech maslc Gl

WWW.terasic.com

@"@T‘iﬂwﬂ% A\ Nallatech term

To learn how to use the reference platforms to create your own custom board, refer to the . Carasic. com

"Custom” tab below.

term
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DE5-Net_SEF] OpenCL

PG ATEIER :
« FHLPC

— 1817 &4t: 64/ Windows 7 Y, Linux (RHEL or CentOS) & 4t
— Hr12vitHg/164 FIPCIE-RAE)
— MEAF32GBNAE (5/D24GB)
* Quartus® Il B (FR[ AT E)
— 64 (L4 HATIZ) BT KRk

— 2 HStratix® V 254
— EEAHIE AN ) Altera OpenCL SDK (3RS AT AIF)

o CIHixdn
— Microsoft® Visual StudioZ 545 5% & GCCHm 1k 28
— BedmiFEFHIFET
— RegmiF A Beea i Ay
 FPGA KX
— %) F2GB DDR3-SODIMM[1] DE5-NET JF & (BR-FHrEC)
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DE5-Net OpenCL 2214

e OpenCL W% - SEILINIE BT
» OpenCL EPLFERF-EITAPIKH LI FHL 5 AN

WAE Hy 2R

+

OpenCL Kernel Host Program
__kernel void main()
sum{__pglobal const float *a, {

__global const float *b,
__global float *answer)

{

int xid = get global id(@);
answer[xid] = a[xid] + b[xid];

}

L

int xid = get global id(@);
answer[xid] = a[xid] + b[xid];
}

Rasic|

OpenCL
Host Program + Kernels

OpenCL
Compiler

SOF

wWww.CeErasic.com

Standard C
Compiler

read_data_from_file( .. );
maninpulate_data( .. );

clEnqueuelriteBuffer( .. );
clEnqueueKernel(.., sum, ..);

clEnqueueReadBuffer( .. );

display result to user( .. );
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TE(DE5-Net OpenCL Bsp &L Emanual i
o EMTEBSPEFMmanualFiit

— http://cd-de5-net.terasic.com

Z=Z manualffiiliteR(E

ZEEBSPEENTE VL (windowsElinux &)
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gk EVERF
M TR

b

P¥asic

WWW. Lerasic.cam




[asic]

FFT OpenCL

OTUTPTT

Launching FFT transform (ordered data layout)
Eernel initialization i1s complete.
Frocessing time = 3. 40Z20ms

Throughput = 0. 3082 Gpoints / sec (30, 8224 Gflops)
mlgnal to nolse ratlio on output sample: 124, 2364350

Launching inverse FFT transform (ordered data 1ayout)
Eernel initialization 1s complete.

Frocessing time = 3. 28dEms
Throughput = 0. 3098 Gpoints / sec (30, 9787 Gflops)
mignal to nolse ratlo on output sample: 124, 2274971

Launching FFT transform ([alternative data layout)
Eernel initialization 1s complete.
Frocessing time = 2. 112%ms

Throughput = 0. 4964 Gpoints / sec (49, 6450 Gflops)
slznal to nolse ratio on output sample: 124, 236876

Launching inverse FFT transform (alternative data layout)
Eernel initialization 1s complete.

Frocessing time = 2. 136%9ms

Throughput = 0. 4907 Gpoints / sec (49, 0689 Gflops)

signal to nolse ratio on output sample: 124, 231472
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Technical Support

oTel : 027-87745390

*Add : China/406, Jingfeng Bld. B, Intl Business Center,
Special No. 1, Guang Gu Rd., Wuhan, China, 430074
*Email : sales@terasic.com.cn / support@terasic.com.cn

cam
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