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[lnaH goknaga

e 3apaynm He anga CPU
e FPGA n SoC -- yto 3Tto Takoe?
e [Ipumep 3agauu -- npotokon PTP

e ApXuUTEKTypa CUCTEMDbI

e (CpaBHeHMe peanusaunu
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3agayn He ana CPU

e Bbicokasda nponyckHasi CnocobHOCTb

e [Ipumep -- obpaboTka 10G/40G/100G Ethernet
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3agadn He ang CPU

e MuHMManbHbIEe 3a0ePXKKU (AECATKN HAHOCEKYHA)

e [lpumep -- pmHaHcoBble onepauuun, HFET
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3agadn He ang CPU

e [lonyyeHne oeTePMUHUPOBAHHBLIX 3aaepPXKekK
e OOpaboTKka gaHHbIX B pearibHOM BPpEMEHH

e [lpumep -- nogaepxka PTP, obpaboTka Bnageo
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Koroa CPU He Baw gpyr?

e Brbicokas nponyckHas crnocobHOCTb

e MuHMMM3aLUNA 3a0epKEK

e Real Time Data Processing

® Flpomssoana;l cTerneHb rnaparnnerim3ma
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UTto Takoe FPGA?

e FPGA - Field-Programmable Gate Array

e [lo cytn -- cpegHas/6onbLuas
roomagHas undpoBas cxema

e [lapannennam orpaHu4yeH
TONbKO Bawmm BoobpaxeHnem
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FPGA - Field Programmable Gate Array
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Cyclone V Adaptive Logic Module (ALM)
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Yto ecTtb B FPGA?

e Logic Elements -- 0o 1M wTykK

e Tpurrepbl -- 4o 1.5M WITYK

e BHyTpeHHAda namaTtb -- 0o 50-100 Mbit

e TpaHcueepbl -- o 30 Gbps Ha nuH, 0o 50 WTYK

e DSP 6noku -- cymmapHo oo 1 TFLOPS

e WHtepdenchl -- DDR3, DDR4, QDRI+, PCle Gen3

e BcTpoeHHble ARM
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Altera SoC = HPS(CPU) + FPGA
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OCHOBHbIE MHTEPdENCHI MEXOY

e HPS-to-FPGA

e Lightweight HPS-to-FPGA
e FPGA-to-HPS

e FPGA-to-SDRAM
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Yto Takoe PTP?

PTP (aHtn. Precision Time Protocol — «NpOTOKOMN TOYHOIrO BPEMEHN») — 3TO

MNPOTOKOJSI, NCMOSIb3YyEMbIN AN CUHXPOHU3ALMN YacoB NO KOMIMbIOTEPHOWN CETMW.
O6bnapgaet ropasno 6onee BbICOKOM TOYHOCTLIO, YeM NTP.

B yacTHOCTH, HY>XEH OJ14 U3SMepPEHNA 3aepXeK B aCMMMETPUYHDBIX KaHallax.
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ObmeH coobweHnamm B PTP
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Network Interface Controller (NIC)
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Apxutektypa NIC
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Uto HyXHO ansa nogaepxkm PTP B NIC?

e AnnapaTHble Yacbl C NOACTPONKOUN --
PTP Hardware Clock (PHC)

e CoxpaHeHne BpeMeHHbIX MeTOoK Ha npueme (TX)
n nepegadve (RX)
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ApXUTeKTypa
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Heobxoanmble KOMNOHEHTDI

e |P-kopka PTP Hardware Clock (PHC)

e [lpaneep ansa ynpasnenua n Hactponkn PHC

e |P-kopKa ans BCcTaBkM BpeMeHHOU MeTKkM B RX nakeTbl

e |P-kopKa ona coxpaHeHna BpeMeHu oTrpaBku TX nakeTos

e lI3MeHeHUA B ceTEBOM gpanBepe
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PTP Hardware Clock (PHC)

e CyeTynk BpemeHun B 8-mn HaHocekyHAHbIX HW-Tukax
(Ana coBmecTumMocTu ¢ curHaTypont RFC2544)

e Clock adjust -- n3MeHeHMe BpeMeHU Ha 3aJaHHY0 BESTUYMHY.
e Frequency adjust -- UBMeHeHMe 4YacTOoThl.

e [eHepaunsa IRQ B Hayane kaxxQow CeKyHOb!.
Ons noooepxkn PPS.
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RX Timestamping IP-core

e CoxpaHsieT BpeMs npmema rnaketa
e BcraBnseT Bpems B TeNo nakeTa (nepsble ABa CNoBa).

® BpeMFI COXpaHAETCA ANlA KaXXa0ro rnakeTa.
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RX Timestamping IP-core
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TX Timestamping |IP-core

e 3arnoMuHaeT BPeMS OTMNpaBKM NnakeTa.
CPU MoxeT npoynTtaTb ero 4epes perncrpsbl.

e B oyepeaun moxeT ObiTb TONbKO OAWH NaKeT.
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Hy>XHO nNn 31O BCE?
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TecToBbIM CTEHA,
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[lporpammHas peanusayms
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AnnapaTHaga peanunsauus
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Offset between PTP master and slave
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[lporpammHas peanusayms
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AnnapaTHaga peanunsauus
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CpaBHeHMe
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CpaBHeHMe

CmelleHune (Hc) | 3agepxka (He)

[TlporpammHas o1 -12000 o1 40000
peannlauunsd no +20000 no 60000
AnnapartHas oT -40 ot 1220
peannsauungd no +50 no 1250
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Cnacnoo 3a BHUMmaHue!
Bawin BonpochI?
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