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[NTAaH BeOUHapa
® DFX —4TO 3TO TOQKOE&, OCHOBHbIE UAEU
® AOKYMEHTAUMS
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® MapLUpYyTbl NPOEKTUPOOBAHMS
o [P-aApQ AAG MOAAEPXKM DFX

® O030p y4ebHbIX MPMMEPOB
(AODOPATOPHbIX PABOT)

® 3AKAIOYEHME 1 OTBETHI HAO BOMPOCHI



DFX - 410 3TO TAKoe (1)

¢ DFX (Dynamic Function eXchange) — 310 passmime
TEXHOAOTUM YACTUYHOM pekoHdourypaumm (Partial
Reconfiguration) ot Xilinx

KoHndurypupyetca ognH pas CtaTnyeckaa obnacTb
I'IpM BKJIKOYEHUUN MNTAHUA

Mo>KeT MHOroKpaTHO
nepekoHPUrypmpoBaTbCA ,ﬂ,VIHaMW-IECKaFI O6ﬂaCTb,

6e3 nepepbisa OHa WU HECKONbKO
dyHKUMOHMpoBaHua MNNC

¢ Xilinx onpeaeagseT DFX kak Advanced Technology, 1.e., Kak
TEXHOAOTMIO MOBbILLIEHHOM CAOXHOCTU



DFX — 410 3TO TOKOE (2)

BkAloYoeT B ceb9 HECKOABKO MPOABMHYTbIX METOAOB
NPOEKTUPOBAHMS

LLIMPOKO MCMNOABb3YET HEMPOEKTHBIM PEXMM U tCl-
CKPUNTH

TpebyeT BbiINoOAHEHMS MPOLLEAYPbLI PA3ZMETKU YMUMA
(floorplanning)

AoctyneH He aad Bcex NMAUNC n CHK.
[ToAAEPXKMBAEMbBIE KOMMOHEHTHI PA3HbIE B PA3HbIX
Bepcumax Vivado, HO AOHHbIM MOMEHT: cepms 7/,
US/US+, Zyng/7000, ZUS+, Versal



DFX - 3a4eMm 3TO HyXHO (1)

1. DKOHOMMS PECYPCOB

2. [locTpoeHne aAaNTUPRYEMBbIX MAATAOOPM
AAS HLS 1 annapaTtHbIX YCKOPUTEAEM




DFX — 3a4eM 3TO HYXHO (2)

[Toumep 1 — uMdopoBas AOMABTPALLMA M30DPAXKEHMM

BXoAHble Kaapbl [MamAaTb Bbixogple Kaapbl
n3obpakeHumn

KoHdurypaumoHHas namatb

CTtaTuyeckumn
6uTCTPUM

6uTcTpum gna
dunbTpa 1

[InHamunyecKkasa obnacTb

6uTCTPUM AN (nna umdposbix GUNbLTPOB)
dunbTpa N



DFX - 3a4eM 3TO HYXHO (3)
[Tommep 2 — YCKOPUTEABHAI MAATADOPMA

L pelRRi e [NvHammnyeckan obnacTb:
n3 Vitis * Monb3oBaTenbckue byHKLUUM
 Aapa n 6ubnnotexkn HLS

CtaTnyeckasa obnacTtb:
NocTaBnserca a * WNHTepdenc c xocTom
roToBOM Buae * WHTepdenc c guHamuyeckom obnacTbto
nmnbo cospaetcs B
Vivado

XocT-KomnbloTep:
 [lpaiiBepa

* 3arpysuuk

e XRT

* Cpepna pa3paboTku




OCHOBHblIE€ AOKYMEHTbI

® ug?09? — Vivado User Guide: Dynamic Function
eXchange

e ug?4/ — Vivado Tutorial: Dynamic Function
eXchange + apxmB CO COOPHUKOM
AQDOOPATOPHbLIX PADOT (MOA 3AMKOM)

o AokymeHTtauma no IP-aapam (Bcero 4 aApq):
— pPg374 — dfx-controller

— pPg375 — dfx-decoupler
— pPg376 — dfx bitstream monitor
— pPg377 — AXI Shutdown Manager



TepMHUHOAOIUA

TepMmunHoAormg, coraacHo ug909, chapter 1:

> ® & °

Black Box - MOAYAb, AAS KOTOPOTO 3AAQH TOABKO MHTEPdDENC.
Partial Reconfiguration (PR) - YOCTUYHAA PEKOHAOUTYPALMS
Programmable Unit (PU) - IPOrPAMMUPYEMBbIM IOHUT
Configuration - KOHAOUrypaLMs, ONPEAEAEHHAN KOMOUHALLMS CTATUHECKOM M PEKOHADUTYPUPYEMOM OBAQCTEM
Access Port (ICAP, MCAP, PCAP) - noprT, 4epe3 KOTOPbIM OCYLLECTBASETCS 3Arpy3Ka OUTCTPUMAMA
Static
- Design - Bce, 410 He pekoHdUrypupyeTcs (MpoekT, YaCTb NPOEKTA)
- Logic - AOTHMHECKME DAEMEHTbI, KOTOPbIE HEPEKOHMDUIYPUPYIOTCS
OOC (Out of Context) — MOAYAb, CUHTE3MPYEMbIM OTAEABHO OT OCTOAbHbIX
Reconfigurable - Bce, 410 pekoHuUrypmpyetcs
- Frame
- Logic - PEKOHMDUrYpUpPYyEMAs AOTUKA, T.€. ANNAPATHbIE PECYPChI PEKOHAOUIYPUPYEMOM OBACCTU
- Module - PEKOHAOUIYPUPYEMbIM MOAYAb
- Partition - PEKOHMUTYpPUPYEMA ODAACTb

Block Design Container (BDC) - koHTEMHEP AAF BAOYHOTO AM3AMHA
Bottom-Up Synthesis - cuHTE3 13 NPeABAPUTEABHO OTCUHTE3MPOBAHHbBIX OOC MOAYyAEM (HETAMCTOB)
Partition - Kakag-To yacTb MAUC

- Definition - 30AQHKWE NAPTULLMK
- Pin - MHTEPAPEMCHbIM NMUH AAS MAPTULLM
DCP - design checkpoint
Abstract Shell - "yrpoLueHHbin” DCP aag US/US+
pBlock - OBAQCTb HA YMME AAT PAIMELLLEHMS PEKOHADUTYPUPYEMBIX MOAYAEM

Floorplan, Floorplaining - npouecc “pa3metkn” NMAUC, T.e. 30AQHUT OBAACTEM AAT KOHKPETHBIX MOAYAEM (HETAMCTOB)



MapLIpyTbl U MEeTOAbI NPOEKTUPOBAHMUSA (1)

basoBble aenctema (Ug?09)

2.

3.

8.

9.
10.
11.

OTcuHTEe3MpoBaTh CTaTUyeckne n pekoHourypmpyemsie mogynn (RM) otaenbHo.

Co3paaTb GM3nYeckme KOHCTPENHTbI, 3agatome pekoHpurypupyemolie obnactu (P-6noku). Cm.: CosgaHme floorplane
Aana pekoHourypmpyemomn obnactu.

YcraHosutb pnar HD.RECONFIGURABLE ansa kaxgoro pekoHourypupyemoro pasgena (RP). Cm.: 3agaHne Moayns
KaK pekoHdurypupyemoro.

MnnemeHTMpOBaTb NO/HBIN AN3alH (CTaTuyeckmnin pernoH n oamH RM Ha RP) B koHTekcTe. Cm.: Implementation

CoxpaHnTb KOHTPOIbHYHO TOuUKY npoekTa (DCP) a4ns NONHOCTBIO MMMIEMEHTMPOBAHHOTO NpoekTa. CMm.:
Implementation.

Ypanute RM 13 npoekta n coxpaHute DCP Tonbko anda ctatnyeckon yactn npoekta. Cm.: implementation.
3admkcmpoBaTb CTaTnyeckoe pasMelleHne n MmapwpyTmsaguto. Cm.: Preserving Implementation Data.

[o6aBnTb HOBble RM B CTaTnyeckmnin MpoeKkT N UMMNIEMEHTUPOBAaTb 3Ty HOBYHO kKoHUrypauto. Coxpanute DCP gna
MOJIHOCTbIO UMIMJIEMEHTUPOBAHHOW KOHPUTypaumu.

MoBTOPUTL NPeAbIAYLLMIA NYHKT, MOKa He ByayT UMNAEMEHTUPOBaHHbI Bce RM.
MpoBepuTtb BCce KOHOUrypauum ytuautoi pr_verify. Cm.: Bitstream Generation.
Cozpgante BUTCTpMM-Pannbl 4ns Kaxaon koHpurypaumm. Cwm.: Bitstream Generation.

HO 0BbI4HO HO 3TOM PABOTA HE 3AKAHYMBAETCH. AAS ABTOMATUHECKOM 3Arpy3km/nepesarpyskm
TpebyeTcsd AQAEE:

12.

13.

MpeaBapuTenbHO BKAKOUNTL B AM3alH cTaTnudeckon Yactm DFX-koHTponnep (1, eciv notpebyetca 4OMNOAHUTENbHBIN
DFX IP-aapa) n npaBuabHO ero CKOHGUrypnpoBaTb.

3anucatb 6UTCTpUM-dansibl B KOHOUIYpaLIMOHHYO eeprom (MOXeT NoHaZobuTbCA Mx NpeaBapuTesbHas 0bpaboTka).
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MapLipyTbl U METOAbBI NPOEKTUPOBAHUSA (2)

3 OCHOBHbIX MAPLUPYTA:
@ [TpoekTHbIn RTL

@ [lpoekTHbI BD

® bQ30BbIM (HEMPOEKTHbIN)
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MapLUpyTbl U METOAbI NPOEKTUPOBAHMUSA (3)
[TpoekTHbIM RTL
® Vivado MCNOAb3YyETCS B MPOEKTHOM PEXMME

o Hamboaee DAM3OK K HOMDOAEE YACTO
MCMNOAb3YyEMOMY MaApLLUPYTY Vivado

® TpebyerT BbIMOAHEHMI AOMOAHUTEAbHBIX AEMCTBUM,
HAMP. 3AAQHUA PEKOHDDUIYPUPYEMbIX MOAYAEN,
floorplaning, AONMOAHUTEABHbBIX MPOBEPOK M T.A.

® VMimeetcd Dynamic Function Exchange Vizard aAAg
4OCTMYHOM ABTOMATM3ALMM PADOTH
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MapLUpyTbl U METOADbI NPOEKTUPOBAHMUSA (4)

MaPLLPYT C UCMOAb30OBAHMEM DAOYHbBIX AMATPCMM

® [1pOEKTMPOBAHME BEAETCH HO ODAOYHOM
YOOBHE

® PekomeHAyeTcs AAG MPOoeKTMPOBAHMA CHK
BCEX CEepmM

® XOPOLLUO OBTOMATM3INPOBAHHbIM
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MapLUpyTbl U METOADbI MPOEKTUPOBAHMUSA (5)
ba30BbIM MAPLLPYT

o AoctyneH AAd Bcex Tinos [NMANC m CHK

o ObecnevynBaeT HOMDOOAbLLYIO TMOKOCTb U
2P FPEKTMBHOCTD

® [1pn 3TOM, HOMOOAEE CAOXHbIM B OCBOEHUU U
NOUMEHEHMM

® Peaamsyetrcsq, B OCHOBHOM, C MOMOLLBIO TCL-
CKPMUMNTOB B "HEMPOEKTHOM" pPEXMME
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IP-aApa AAf noAAepPXKU DFX

v o] Habop m3 4x IP-aaep B

Cores | Interfaces

C ot e s s e .| IP-kaTaAore Vivado:

A A
Search: | O- DFX (4 matches)

Name a1 A4 Status License VLNV
v Vivado Repository

DFX Controller

v Dynamic Function eXchange

—
.

¥ DFX AXI Shutdown Manager AXI4 Production Included  silinx.comip:dfx_axi_shutdown_manager:1.0

¥ DFX Bitstream Monitor AXl4 Production Included  xilinx.comip:dfx_bitstream_monitor:1.0 |

+ DFX Controller AXI4 Production Included  xilinx.com:ip:dfx_controller:1.0 2 . D FX D e C O U p er

¥ DFX Decoupler Production Included  xilinx.comip:dfx_decoupler:1.0

. .
3. DFXBitstream Monitor

Details
e o onkt DFX Shutd M g
S 4, uraown Manager

Interfaces:  AXI4
Description: The Dynamic Function eXchange Controller provides a hardware block to manage the loading and remaoval of Reconfigurable Modules via the

ICAP port
Status: Production
License: Included

Change Log: View Change Log

Vendor: Kilinx, Inc.

VLNV: siline.comip:dix_controller:1.0
Repository:  C:/Xilinx/Vivado/2021.1/data/ip

15



IP-aApa AAf noAAepPXKU DFX

DFX Controller (1) — pg374

{_Small FPGA )

\
o ] Triggers f 1
Application J L DFX Controller J
\_ J
(Large FPGA) -
( ICAP
[ Virtual ) (Virtual
Socket 0 Socket 3
ST
Virtual Virtual
Socket 1 Socket 2
| —

BPI FLASH

"/
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IP-aApa AAf noAAepPXKU DFX
DFX Conftroller (2)

¢ Customize IP X
DFX Controller (1.0) '
©® Documentation IP Location C' Switch to Defaults
IP Symbol  Validation  Address Map Trign | » = Component Name | dfx_controller 0
[) show disabled ports Global Options  Virtual Socket Manager Options
A
Enable the AXI Lite interface
Set the polarity of reset and icap_reset 1 v
Managed device type The DFX CONTROLLER will manage Virtual Sockets on a 7 Series device 4
1car + ||l . _— i )
" ! v
84 saireg MLAXLMEM 41 Specify the CAP arbitration protocol 0) No arbitration required

e i SO0, S Specify if partial bitstreams are compressed 0) Partial Bitstreams are not compressed v

reset wsm_WS_0_rm_decouple

icap_clk wsm _WS_0_rm_reset Specify the FIFO depth 32 v

icap_reset wem_WS_0_event_error

wsm_WS_0_rm_shutdown_ack wam_WE_0_sw_shutdown_reg . .

R T . T SR Specify how the FIFO should be implemented
(®) Block RAM
() Distributed RAM
Specify the number of Clock domain crossing stages 6 4 v
‘ oK | ‘ Cancel |
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IP-aApa AAf noAAepPXKU DFX

DFX Controller (3)

¢ Customize IP
DFX Controller (1.0)
© Documentation

IP Location C Switch to Defaults

IP Symbol  Validation AddressMap | =
(") Show disabled ports

ew &
WOLNER o E
e 40
i S e k-
A ook =
=

e
w0 s e Tgoen g
s

Component Name dfx_controller_0

Global Options ~ Virtual Socket Manager Options.

New Virtual Socket Manager | [ New Reconfigurable Module Delete Virtual Socket Manager Delete Reconfigurable Module |
Virtual Socket Manager Options Reconfigurable Module Options
Virtual Socket Manager to configure  vs shift v Reconfigurable Module to confi m shift left v
Virtual Socket Name vs_shit o oo Reconfigurable Modul rm_shin_fen D:0
") Has Status Channel (") Has Control Channe! Not Required v
_ Startin Shutdown [¥! Shutdown on error NotRequired »
) Siap RM startup after reset Raselime e
Duration of Reset 1-
) Has PoR RM rm shift left v
Bitstream 0 address L
Number of RMs aflocated 4 [2-128
Bitstream 0 size (bytes)
Trigger Options
Number of Hardware Tnggers 4 2
Number of Triggers allocated 4 Q| [2-512
Firstirigger to display 0 v
Trigger ID Reconfigurable Module to Load Lockthe Trigger
0 m shift left v 0
1 m shift right v 0
2 m shittleft - 0
3 m shift right hé

18



IP-aApa AAf noAAepPXKU DFX

DFX Decoupler - pg375

Ha3Ha4veHune:

KoppeKkTHOe oTKAo4YeHune
MOAYNA Npu peKoHbUrypaumu
Yauwe Bcero npumeHaeTca a4
mopaynen ¢ AXI-uHtepdpencom

Reconfigurable
Partition

AX14-
Stream

Decoupler

Master

DATA

AX14-
Stream
Slave -

/_

RESULT

rp_DATA_tdata —————— = s_DATA_tdata

rp_DATA tvalid ——»

00—

N

——— s_DATA_tvalid

iq— s_DATA_tready

rp_DATA_tready 4———

rp_RESULT _tdata

rp_RESULT_tvalid <—

rp_RESULT _tready ——»

Q—»

fe—— 0

s_RESULT _tdata

[¢—— s_RESULT tvalid

=

— s_RESULT_tready

o

_\

ﬂ

-/

<to static>
_’.

decouple

<from static>

19



IP-aApa AAg noaAepXKU DFX

DFX Bitstream Monitor — pg376

OAHO MAM HECKOABKO gaep DFX Bitstream
Monitor MOXHO UMCMOAb30BATb AAS
OTCAEXMBAHMS 3ArPY3KM HACTUYHbIX
OUTCTPUMOB M3 KOHAOUTYPALMOHHOM
namatm NANC. B 4aCTHUYHbIE OUTCTPUMB
AOOABAAIOTCH MAEHTUAOUKATOPLI, KOTOPbIE
OTCAEXMBAIOTCA IAPOM, 1 O KOTOPbIX
COOBLLAET JAPO. DTA MHAOPMALIMG
MOXeET ObITb NepeaaHa Vivado HW
Debugger, nocpeactsom (ILA) aAg
KOHTPOAS 3Arpy3kmM OUTOBBIX MOTOKOB, ObIA
AU OH 3QrPY>XEH NMOAHOCTBIO, ECAM HET, TO
KAKOE KOAMYECTBO AQHHbIX ObIAO
30rpy>XeHo.

Q4 S ax
- clk

d e Live_inra 4|

HisTorICINFG 4[]

armed

- Arm
- one_shot
m ref sp_id_i[31:0]

— protocol_abort

armed_oneshot
ref_sp_id_o[31:0]

0 protocol_resetn
',
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IP-aApa AAg noaAepXKU DFX
DFX AXI Shutdown Manager - pg377

i ™

IP-sap0 “DFX AXI Shutdown Manager” o g
©e30MacHO YNPABAIET MHTEPTEMNCAMMU 2+ 5 N
AXIAMM 1 AXl4-Lite B peKOHOUTYPUPYEMOM = ¢k g
DA3AEAE, MPEAOTBPALLLAS 3ABUCAHME e atdonn i
CUCTEMBI, KOTOPOE MOXET MPOM3OUTU, ECAM L
PEKOHAUTYPUPOBAHNE HAOYHETCH B | el |

npoLecce BbINOAHEHMA AXI TODAH3AKLIMMA.
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O0630p npumepos us ug947
(AabGopaTopHbIX paboT) (1)

ug9%47 + y4elHble NPoeKTbl - 11 AADOPATOPHLIX PABOT

® ba30BbIt MAPLLPYT NPOEKTUPOBAHMA DFX
— Labl — AA9 ceabMmOn cepumn
— Lab2 - aAq US m US+

* MapLupyt npoektnpoaHmMg DFX RTL
— Lab3 - aag cepum 7, US mn US+

o Otaaaka DFX-npoekTtos
— Lab4 - npumepsbl aag cepum US+
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O0630p npumepos us ug947
(AabGopaTopHbIX paboT) (2)

DFX Controller

— Labb - DFX Conftroller aAaqa ceabmomn cepmm
— Labé - DFX Conftroller aas cepum US
— Lab7 - DFX Conftroller aas cepum US+

BAOXeEHHbIE DFX
— Lab8 — AAg US 1 US+, npumepsbl A US

Abstract Shell
— Lab?% - npumep aaga naatel VCU118

DFX BD Flow in IP infegrator
— Lab10 - aAg Zyng/7000
— Labl11 - aAg ZynqUS+
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O0630p npumepos us ug947
(AaBopaTopHbIX paboT) (3)

PekomeHAdLUMM MO OCBOEHUIO:

DFX BD Flow in IP integrator (lab10, lab11)
DFX RTL ( Lab3, aaq cepum 7, US 1 US+)
DFEX Controller (labJ5, labé, lab7)

baszosbivt mapLLpyT (labl, lab?2)

Bce ocTtaabHOE

o~ b~
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UTOrM U BbIBOADI

TexHoAorna DFX ot AMD-Xilinx — moAe3Hbiv crnocod

NPOEKTUPOBAHMS AAT DKOHOMMU PECYPCOB M CO3ATHMS
AAQMTUPYEMbIX AMNMAPATHBIX MAATAOOPM

DFX CAOXHEE B NOPUMEHEHMM, YHEM “CTAHAQPTHLIM MAPLLPYT
NPOEKTUPOBAHUS, TPEDYETCH AOMNMOAHUTEABHOE ODYYEHMNE

MMEIOTCA CTOHAQPTHbLIE IP-9A0Q AAS MOAAEPXKKM DFX

MMeETCA HECKOABKO MAPLLPYTOB MNPOEKTUPOBAHMA DFX,

HEODOXOAMMO BbIOUMPATE HOMDOAEE MOAXOAALLIMM AAS KOHKPETHOM
30A04M

Call fo Action: oCBOUTb TEXHOAOTHIO DFX U MOUMMEHATb €€ TAM,
A€ 3TO HEODBXOAMMO!
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Cnacubo 3a BHUMAHue !

Balwin Bonpocsl Haliun oTBeThl
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OdouuuaabHbIn AnAep Xilinx

KOHTaKTbI
Ten.: 8 (800) 333-06-05
email: SALES@MACROGROUP.RU
MpoayKkuusa Xilinx n TexnoaaeprKa: fpga@macrogroup.ru
CnnoBas 3/IeKTPOHMKA: power@macrogroup.ru

Oner bonnxos — pykoBoauTenb HanpasneHua “Uudposan sneKTpoHUKa”
Omutpuin HectepoB — pykosogutenb HanpasaeHua Xilinx
Bnagmmup BukynuH — texnogaepxka Xilinx
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Xilinx — noAe3Hble CCbIAKM

Caunt XilinX: https://www xilinx.com/
Caut DGVG|OD€I’I https://developer.xilinx.com/

POPYM: hitps://forums.xilinx.com/

O6Y‘-I€Hl/lei https://xilinxprod-catalog.netexam.com/
Peno3snTopmm: https://github.com/Xilinx
OTAQAOYHbBIE MAQTHI M MAQTADOPMBbI:

https://www.xilinx.com/products/boards-and-kits/see-all-evaluation-
boards.html

28


https://www.xilinx.com/
https://developer.xilinx.com/
https://forums.xilinx.com/
https://xilinxprod-catalog.netexam.com/
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Xilinx — maTepunaabl ¢ cauTa

CnpaBoOYHbIEe U METOAOAOIHYECKME MAaTepUaAbl Ha cauTe Xilinx

* DocNav —BCe B OAHOM MECTE HA BALLIEM
KOMIMblOTEPE

¢ Selection guides — pyKOBOACTBA MO BbIOOPY
e User guides — pyKOBOACTBA MO MPOUMEHEHMIO
e UFDM — METOAOAOTUA MPOEKTUOOBAHMS

¢ AR — OTBETHI HO BOMPOCH!
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XilinX = KOK MOAY4YUTb TEXMOAAEPXKKY

TexnoaAAepXka
* CHO4YOAQ MNOCMOTPETb HO doopyme Xilinx

¢ [lomckartb HO pecypcax Xilinx:
https://www xilinx.com/support.nhtml

e Ob6patnTtbCcd B Macro: fpga@macrogroup.ru
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Xilinx = HO YeM pa3pabaTbiBATbL M OTACXKUBATbL CBOU
NPOEKThI

OTAAQAO4HbBIE NAATbI U NAATCPOPMBI

[TloADepeM OTAOAKY NMOA BALLM 30AQ4M

e hitps://www.macrogroup.ru/catalog/partagroup/378
e hittps://www xilinx.com/products/boards-and-kits.html

Pmods (6x)

Sysmon

MSP430 System Controller oo 80 Card Bl . . . . 8
12C EEPROM
User Clock Input SMAS
FMC LPC USB-UART Connector

USB-JTAG Connector
C75100 User GPIO SMAs
(XC7S100 - 2FGGA676C)

4Gb DDR3L
(256M x16)

N

Ethernet (2x) MIPI Camera Interface MIPI Display Connector
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