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> Avalon-Streaming (ST)

o Avalon-Streaming Design Example User Guide
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® PCleddZOMIIN - RAVIEZTASB

o TL (Transaction Layer)
o DLL (Data Link Layer)
o PL (Physical Layer / MAC)

o HEHMDIBMEYR—b

> Root Port (RP) : JL— bk « 7R— b
Endpoint (EP): T> R/R1> bk
- Gend/Gen3 x16 (1 D)
o Port Bifurcation (h— bI) H7R— ~
Gen4/Gen3 x8 (2 D) : EP Only
Gen4/Gen3 x4 (4 D) : RP Only

® PCI-SIG Base Specification (C#EHL

o PCle Gen4 Base Spec, Rev 4.0, Ver 1.0
o PIPE Spec for PCle, Ver 4.4.1
o PCle Gen3 Base Spec, Rev 3.1


https://www.intel.com/content/www/us/en/programmable/documentation/htp1538516890095.html
https://www.intel.com/content/www/us/en/docs/programmable/683038/22-4-9-0-0/about-the-p-tile-streaming-fpga-ip-for.html
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o |Intel Agilex® 7 FPGA F =) — ZFaF= v I (AGFBO14R24B2E2V)

o HOST PC (PCle Gen4 x16 Slot)
- MB : PRIME Z790-P (ASUS)
- CPU:-1>F)L® Core™ i7-13700K (56 13 1H4X)
- Memory : 128 GB
- OS: AlmaLinux 8.7 (Kernel Version : 4.18.0-425.3.1)

Intel Agilex®7 FPGA

) \Jj |\le7 FSU—XBFEFY b

o Intel® Quartus® Prime Pro Edition Version 22.4

o Generate Example Design : PERFORMANCE_DESIGN
- sof J71I)L
- Driver/Software

o
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https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series/dev-agf014.html
https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html
https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html
https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html

Design Example D4 B

® Tools XZ1— > IP Catalog

> "P-Tile Avalon Streaming Intel FPGA IP for PCI Express” %8R

o BIE/\SA—H—ZIE

- Gen4x16, Native Endpoint, 500MHz, Enable Ptile Debug Toolkit : ON
- Agilex F-Series P-Tile Production FPGA Development Kit, PERFORMANCE_DESIGN

> FIEDFEMICDULNTIE. Design Example User Guide ¥l 354t 1> 5
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PCI Express P-Tile
Debug Toolkit &

' ,ﬂ/.";’p

-« 27 I)L* Agilex™F ') —X FPGA & SoC ) PCI
Express D7 /Ny 7Y —ILC® S TP-Tile Debug
Toolkity & Gen4 (16 Gbps) COHRBWMIFE
fLES

BiREICRAET LEESTO—TICL D0
() Eye Pattern HRAEL TEDFI DT, =3

BREIEESL.

Fiter % | ™ | Catalog S@l

=

P Board

=N pcie|

x| 2

Project
W yew Component...
¢ Systems
* poie_ed
* poie_ed_th
Library
¢ Interface Protocols
¢ PCIExpress
L] Intel P- T|Ie_Swrtch for PC| Express

BT TRuichannel DMA intel FEGA P Tor Pl Exprass

® PCle AXI Arbiter Fabric

. P Tile Avalon Streaming Intel FPGA IP for PCI Express:
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P-Tile Avalon Streaming Intel FPGA IP for PCI

intel_pcie_ptile_ast

Design Environment

This component supports multiple interface views:

Generate Examplz Design. ..

P-Tile Avalon Streaming Intel FPGA IP for PCI| Express

intel_pcie_ptile_ast

|Svsiem

l/Top-Le\reI Settings |/ PCle0 Settings r Example Designs |

: Gendx16, Interface - 512 bit - '

[] Enakle TLP-Bypass Mode

Fort Modle: Mative Endpaint '

|:| Enable PHY Reconfiguration
r L N B B N N N |

[v] Enabe Ptile Debug Toolkt 1
LN B | -

PLD Clack Freguency: : S00MHz - '

[ Enable SRIS Mode

Hard IP Mode:

] P-Tile Sim Mode

[ ] Enable CVP (Intel VSEC)

Design Environment

This component supports muttiple interface views:

|System | - |

r Top-Level Settings r PClel Settings r Example Designs

|v Example Design Files

Simulation

Syrthesis

[ Generated HDL Format |

Generated file format: |Veri|og | - |

. Agilex F-Series P-Tile Production FPGA Development Kit '

Based on parameterization, the generated example design will be:' PERFORMANCE_DESIGH Tv-[i

|' Target Development Kit

Current development kit:

|v Currently Selected Example D

© Macnica, Inc.


https://www.intel.com/content/www/us/en/docs/programmable/683038/22-4-9-0-0/about-the-p-tile-streaming-fpga-ip-for.html
https://www.macnica.co.jp/business/semiconductor/articles/intel/135499/
https://youtu.be/arKUFy-WLjw?t=105

{8 : PERFORMANCE DESIGN [CDU\T

Use Connections Name Description Export Clock
Intel FPGA B £F dut P-Tile Avalon Streaming Intel FPGA IP for P...
_— =& p0_rx_st Avalon Streaming Sourcs cut_coreclko.
B p0_rx_st_misc Conduit
Performa nce Desi gn Example = p0_te_st Avalon Streaming Sink dut_carechko.
B= p0_tx_st_misc Concluit
e = p0_tx_cred Coneuit
L —— B= p0_config_{l Coneuit
PCle Perf_ED o s
I | = pO_reset_status_n Reset Output dut_coreclko.
Host | : & p0_pin_perst Reset Output
= p0_hip_status Conit
I H o 1 =8 coreclkout_hip Clock Output dut_coreclko
PTile , plnperf_multltlp plo[_.‘verf_rx : o e refcko Clock Input refclko exported
PCle %16 Link adapter diverter | [SE—— Clock Input refclk1 exported
Root Avalon-ST I = = A O W pin_perst Reset Input lnin_perst
_ O B hip_serial Conelit lhip_serial
(Dmp Iex * F IPfOr P AV&IUH STPO | | B ninit_done Reset Input
I O+ = dummy_user_avmm_rst Reset Input dummy_user_awmm_rst
ExpreSS Ha rd IP | : O+ = xcur_reconfig_clk Clock Input xevr_recontfig_clk axported
. . . o xewr_reconfi on xewr_reconti
M Pioperf_dcintf pioperf_dma_top SR o eHaieie s PG P e
I - nintdone Reset Output
L vl B Lk perfo PCle Perf_ED_G4
I TthUghPUt A I J- - clc Clock Input dut_corecl... ||
I Counter ’ B reset Reset Input ekl 1
! | = p0_config_tl Coneuit
I — [re— I ; = p0_tx_cred Conit i
= pO_rx_st Avalon Streaming Sink elk]
Reset REIeaSE IP | | I - ;D_rx_st_mls: Conclit ! !
I — | - Avalon Streaming Source k] 1
! B p0_tx_st_misc Conelit 1
Project Mavigator H Ierarc hy Ta b
1.4. Functional Description for the Performance Design Exaxaple Instance Entity Ms needed [=A-B+ Is used in final pla

Note :

Performance Design (&. PCle Hard IP + Reset Release IP + DMA [Bli§& S A CERKRSNE T,
-y hEFTBIAFEFY hZBIRIDZCET. I/ \AMILCwERTOST O - 7 A

)L (gpf) 2. EZEREBH KU /0 BEENSFENTYT 2T - T7AIL (gsh) BEENE

IDOT, TOFFA)\AILEFEMI BT TEERUERESY fEoO00>=>
4« 7 AL (sof) BERKBIRE T,

WE(ZIS U T Signal TAP (.stp) 2 Debug Toolkit (DTK) 72 EDF ) \w JHEEREINNT B &6
AJEEC I,
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= Agilex: AGFBOT4R2Z4BZE2V

H\:F pcie_edd &

é auto_fab O T
v B gut
é perf0

- 7 perf0

G
sv adapter

A
b sv diverter

y AT 4 rma_top

abd]
SV

-

-

L

s

abd
L)

K é resetip

i

alt_sld _fab 0

pcie ed dut
pcie_ed_perfO
pioperf_user_app_top
pioperf_multitlp_adapter
pioperf_rx_diverter
pioperf_dma_top
pioperf_r_intf
picperf_tx_intf
pcie_ed_resetlP

21211.7 (24.0)
8645.5 (0.5)
4058.2 (0.0}
8483.9 (0.0)
8483.9 (30.2)
1921.2 (1921.2)
1041.9 (1041.9)
2917.3 (48.2)
452 7 (452.7)
2070.8 (0.0

26752.0 (0.5)
10965.1 (0.5)
5116.6 (0.0
10669.8 (0.0)
10669.8 (96.2)
2531.2 (2531.2)
1268.0 (1268.0)
3406.1 [57.2)
579.3 (579.3)
2788.9 (0.0)


https://www.intel.com/content/www/us/en/docs/programmable/683038/22-4-9-0-0/functional-description-for-the-performance.html

PCle Link & FvRJ)L - AF7—H ADHER

1. BERFY MEIEBAUTPCZREESE, JOVS=> - TJ7AI (sof) ZEZIAD
>  AUX Power DMESS =L TLV/RLYE HOST PC (#EEh L7

2. PC [C PCle 57 )\ X Z& 25k (Enumeration : 51%) &3 37/=z8. PC ODBlCE) % ElE
> PCle Slot NOERMFE(ERTEINTG . sof T7AILIXT7OFT 1 TDFEFE

3. Signal Tap ZFIFBU. 7Y >HEWME (Linkup) UTWVWDZ & ZFHER

Type | Atas Name 256 __128 ] 128 256 34 512 640 768 sge 1024 1152 1280 14p8 1538 1664 1792
| %o | | dutjdutjast|po_pin_perst n !
_i-__ dut|dut]ast|p0_link_up_o N e .
| =] dut|dut|ast|p0_pld link_req rst o !
| g | | dut|dut|ninit_done i
_*-_ dut|dut|ast|ninit_done o
%@ | |® dutjdutjast|po_ltssm_state_o[5.0] . ( 1 Y

- \h—’

» P-Tile Debug Toolkit ZFIFA L. PCle DU D77y jU(/RGDuiﬁ"Hﬂ’VD PLLDRFT—H X, FrR)LT ED

P-
773070 - JI\SGA—F —DEREZMHR T D EEREE. B 17 WVETE %(7’ =LY

4 FN* Agilex™ FPGA & SoC

PCI Express P-Tile
Debug Toolkit &

Gend RBFBEOME

-« 27 )L* Agilex™F 1) —X FPGA & SoC ) PCI
Express D7 /Ny Y —ILC#3 TP-Tile Debug
Toolkits & Gen4 (16 Gbps) CORMYF%E &
fLET

B bEicRAEITLEESTO—TICKDWF
$() Eye Pattern HBREL TEDEFIT DT, =5
BERyINETY

(] <12 o
IMACNICA © Macnica, Inc. 1 O


https://www.intel.com/content/www/us/en/docs/programmable/683059/22-4-9-0-0/debug-toolkit.html
https://www.macnica.co.jp/business/semiconductor/articles/intel/135499/
https://youtu.be/arKUFy-WLjw?t=173
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4. Linux OS BN UTE B —ZFIVZILB LT, “Ispci” OV > REET
> CCTldlIspci AT 3 /%':ﬂﬁﬁ L. KD’ PCle Configuration Register D|F#HzZHIS

-d 1172:0000 -wwv

ﬂ Una;rlqned class |fTﬂﬂ| Altpla {oer|U;10n Device Of rev 01)
Control: I/ sMas e- MemWiNu ”bAGnoop ParErr— qrpppinq— astB2B- DisINTx-

D s - LI m— s s s

Status: ‘dp' HMHzZ = | - b

Latency: 0,
mmuww-sudo lspc1 -d 1172 0000 -vvv
Region 2: Memory &
Region 4: M y &t bvoUETUUTU TDADLTT PreTetciaD i) TS17e=69K]
Capabilitie [40] Power Management version 3
Flags: PMECLk- DSI- D1- D2- AuxCurrent=0mA PME(DO+,Dl-,D2-,D3hot+,D3cold-)
Stat Dﬂ NoSoftRst+ PME-Enable- DS DScale=0 PME-
Capabilit i vl) Endpoint, MSI
DevCap: M f 512 bytes, PhantFunc 0, Latency LO0s <64ns, L1 <lus
X g+ AttnBt AttnInd- PwrInd- RBE+ FLReset- SlotPowerLimit 75.000w
DevCtl: CorrErr- NonFatalErr- FatalErr- UnsupReq-
RlxdOrd+ ExtTag+ PhantFunc- AuxPwr- NoSnoop+
I yload 256 bytes, eadReq 512 bytes
CorrErr+ NonFatalErr- lErr- UnsupReg+ Pwr- TransPend-
Port #1, 16GT/s, width x16, ASPM not supported
ClockPM- Irprise- LLActRep- BwNot- sPMOptComp+
LnkCtl: ASPM Disabled; RCB 64 bytes, Disabl CommClk+
Lts JRIADLS o BUTRT- AuUtBWINt-
LnkSta: Sp /s wWidth x16 )
TTEM-"Tra M- |0 I "DEACTi Ve ™EWMgmt - ABWMgmt-
DevCap2: Completion TimeolMs, _Range ABCD, TimeoutDis+ NROPrPrP- LTR+
omp+ 10BitTagReg+ OBFF Not Supported, ExtFmt+ EETLPPrefix+, MaxEETLPPrefixes 1
owerReduction NOW™Supported, EmergencyPowerReductionInit-
FPff TPH(omp+ E;tTPHCompf

o

LnkSta Speed 16GT s (ok)

v . b Cl L L. f e | e III|, L COw. O e,
Trdn)mlt ”d[glh Nnrma] Operating Range, EnterModifiedCompliance- ComplianceS
Compliance De-emphasis: -6dB
LnkSta2: Current De-emph s Level: -6dB, EqualizationComplete+ EqualizationPhasel+
EqualizationPhase2+ Equal tionPhase3+ LinkEqualizationRequest-
Retimer- 2Retim - CrosslinkRes: Upstream Port

5. LnkSta (Link Status Register) &D. Gen4 (16 GT/s), x16 TDU I F7 v I &M

®
MACNICA © Macnica, Inc.
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2O WRSAI)IN\—/YV T MO T 7&{ERUE DMA EBXDET

® Design Example [C(3 Linux Kernel Driver 33 &7 Example Application B’"=FEN3S
o "software” J A )LIAN BIRT 7 A )LHMEINFEH

© /I/ \/Z I\_) I/GD%EJ",E\

[[Jintel_pcie_ptile_ast_0_example_design
pcie_ed

<top-level design files=
<design component version 1>

<simulator>
<simulation scripl=>

MACNICA

<simulation seript=] pe_ed

<design companents=.ip
<design component 1>
internal component
sim

synth

—ﬂ pcie_ed..qpf
—ﬂ pcie_ed.qsf
_ﬂ pcie_ed.tcl

_1‘_—| pie_ed.qsys
_D peie_ed.sof

Y, ~ software -\\
| kernel 1
: linux :
I "] Makefile I
I "] ReaDME !
I user I
: example :
i —[' intel_fpga_pcie_link_test.cpp |
I\ —ﬂ intel_fpga_pcie_link_test.hpp Il
) S Makefile V4

TV —23>DFEITHIEICDVTIE Design Example User Guide ZZH8

) Supported by P-Tile Avalon Streaming IP for PCIe Design
Operations Required Examples P ——— -

BAR +# R

PIO SR-IOV Performance L

0: Link test - 100 writes and reads 0 Yes Yes | No I
1: Write memory space 0 Yes Yes Mo

2: Read memory space 0 Yes Yes I No I

3: Write configuration space M/A Mo No Mo i
4: Read configuration space N/A Mo No [ Mo

5: Change BAR NSA Yes Yes [ No i
6: Change device N/A Yes Yes No

7: Enable SR-10V M/A Mo Yes | Mo i

8: Do a link test for every enabled ' I

virtual function belonging to the M/A Mo Yes No I

current device |
9: Perform DMA for Throughput N/A No No \ Yes Y j

Note:
ERENIEV I NITT/RSAIN—ICDNT, A1>AM=ILDOT T —2 3> DOETORR

(C. CMERD OS WIBICHIF L T\ 3 CHDED ZTIBDDIERERENRELFT I DT,
Linux (CEFULWARE LAEETRIFNUIEEBNET,

12#$. SEWER Uz Performance Design TEITTERANRL —2 3 > (E—FAHD
“Performance” F T/REND KD I(C. "Perform DMA for Throughput” &R D F 9,

© Macnica, Inc. 1 2


https://www.intel.com/content/www/us/en/docs/programmable/683038/22-4-9-0-0/installing-the-linux-kernel-driver.html

B2IOIWRSAII\—/VI DT 7Z2ERUI DMA ERXDET @

virtual function

e DMA NEIAH
o Perform DMA Throughput (9)
o Loop [EIEX : 5 (5)
o DMA Type : Simultaneous Write & Read (2)
- Write (0) : Memory Write (Device to HOST)
- Read (1) : Memory Read (HOST to Device)

o Payload Size : 256 Byte (3)

o XR)L—Jv NAELESE
o Write (MWr) : 26.4136 GB/s ( )
o Read (MRd):23.6873 GB/s ( )

the H
EmiEDE L
= Gen4 (16 Gbps) x 16 Lane x 128b130b = 31.51 GB/s

KTYA > (JIBRIED 80% BEDMEEZFEDZLZBNELTNET, RTILY —RZiRE
LA—Y-FTHAARAIDCLEAETIN, BERDIMNRDPEZRIIEZRDHDHE
(C(E. AVUZFILDEIEEHAREI D, 3rd-party D DMA IP ZHIFHIT D L &R LET,
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® Intel Agilex® 7FPGAF S U—X:P5A)L
o PCl Express Gen3/Gen4 x16 (CX)i&
o PCI-SIG Base Specification Rev4.0 (C5EE#EHL
- AT —F—=X - URBNCEEBEHEH

o FHFF W M& Design Example THIHAD 4ifli% 5 B (C SEhiE
> Design Example &4k U. BFEFwW & HOST PC & Linkup Z2F w2
- Debug Toolkit ZFIF U C&iET—~ GFHill & iR
o Linux OS DY > TILRSAI\—=/V T hDO T 7708
- DMA BRiX5 R MAVSRITRIEE

® Gend (16 GT/s) THEU > - )\—phF—LODZEUEE{ED PIEE
o HEODATIL® CPU & DIEEEBIETD

MACNICA



MACNICA

REBIVTFIALOER
P L DBREAFENE UESBRICHNINELTE, FROBALOFEREZ—HV LRV ETTEA S,
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3.

AERIIFERTY . FIEETI DT EORMERIZ I EZELFT,
AERIFERLSEBIDZENHDET,
KEROIERICEIBEZMUTOEIN. A—CHRPARRPRD, THRNRES[DEDRNHDELES. KERZAFeNF UL TRAEBEEZTI—ROZEINEENTT,
AERTEOH/RD TVDEIEE, #ifl. TOJSACEUTERUREROFZEBICDNT(E, BEEZEVNNRETDOTHSHUHT TEILZZ,

AENFRBZFA I DEOMPNRERNTY, BRETEACIRBRE. BA—D—RITOREBROERNEHDETITFALIZE,
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