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FPGA: Field Programmable Gate Array
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FEER. REERGEN)TI—30HY
EMEHF(EEX V) —RAE)
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Altera® & EI/OD YR E &

PMS/PCSZE ZUTPHFIBAA —H Rk LU= R
PMAIXI 774 /\F|HA—S Ry EBI=FE R

PMA (Analog) PCS (Digital) PIPE, PCle Hard IP

RX PCS Bypass

RX ' — . _  Clock Recovery Bit *‘ilgl_'l
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dl PeH 010d
ogoesues | \‘
llj[:

= n » & 3 g B
Data -0 Unit Deserializer 3 o 8 = 2 o 52 3 To FPGA
= s oF ® g o 3% o 5 Logic
b = m -5 ms -
Reference RX PLL = - oF & g s Oa g’ g S
Chak g |3 £ g E 3 5 8 5
) 3 = ] 3
Reference TXPLL TX PCS Bypass _ L _ From FPGA
Clock
| _I T Logic
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FPGAA—7

Altera&XilinxMW £ R KF
10GLULEZZEAMICERSIET HEXREID2%L
SIRIOFFEFPGATIHWEFAE BN ELLYTES
Altera(2015/61ZIntellZ B RS 1=... H2025/41 255 H))
EEIOFFEFPGAN /NI —30 N E 1N
Intel® & EEET Ot X (7/10/14nm)ZEFIBHLT=Agilex> 1) —X
Intel Xeon& MMulti Chip Modulefit, F &R S 1=(2016/4)
Xilinx(2022/2IZAMDIZE NS T-)
A TEZSIPOAZIEICEoDANZMN=HR
Z Dt: 1000BASEH-UE TIEIX I TES
Actel: 7o FEaA—XBTEL(ERENESHMABFBIEES M
797
Quicklogic, Lattice: /MNRIEFPGATa&LY
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=1EI0%EDFPGA(Altera)

BIRRICFHARENHFOTUOERELA, K530<KA—IUFETHI-
TET-FrTE=5AN...
Agilex 7-F (10nm): 58Gbps(PAM4) x48(&xX)
Agilex 7-1(10nm): 116Gbps(PAM4) x72(&xX), 58Gbps
(PAM4) x120(5K), Xeon~® Compute Express Link
Agilex 7-M(7nm): 116Gbps(PAM4) x4(&KX),
58Gbps(PAM4) x12(FX), CXL, HBM2
Agilex 5-E(10nm): 28Gbps x24(gxX)
Agilex 5-D(10nm): 28Gbps x32(&xX)

(Agilex 1): 32Gbps x72(&xK), 58Gbps(PAM4) x56(&xK),
116Gbps(PAM4) x8(5xX)

Agilex 9755 E#R 7] [T ADC/DACHTZFPGAL




B EI0ZEHDFPGA(Altera)

(AlterafF XD IBETIL)

Stratix
Stratix V GT(28nm): 28.05Gbps x4, 12.5Gbps x32(&xX)
Stratix V GX(28nm): 14.1Gbps x66(&xX)
Stratix 10 TX(14nm): 56Gbps(PAM4) x60(&xK)
BBEDLZIUY—/NELTESEHEF30Gbps x120(5X)
Arria
Arria V GZ(28nm): 12.5Gbps x36(&X)
Arria 10 GT(20nm): 17.78Gbps x96(&xKX)
Arria 10 GT(20nm): 25.8Gbps x6(&xK)
Cyclone
Cyclone V GT(28nm): 6.144Gbps x12(&%K)
Cyclone 10 GX(20nm): 12.5Gbps x12(&X)
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5 &|0% #F DFPGA(Xilinx(AMD))

FEEWNIZE R GAREFRTICHAILIZRZS
Virtex

Virtex UltraScale(20nm): 30.5Gbps x60(&X)
Virtex UltraScale+(16nm): 32.75Gbps x128(&X).
58Gbps(PAM4) x48(gxX)
Kintex
Kintex UltraScale(20nm): 16.3Gbps x64(&xX)
Kintex UltraScale+(16nm): 32.75Gbps x32(&%X)
Artix
Artix Ultracale+(16nm): 16.3Gbps x12(zzX)
Artix-7(28nm): 6.6Gbps x16(&xX)
Spartan
Spartan Ultrascale+(16nm): 16.3Gbps x8(&X)
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=Rz FE T/ — Ry FDMACE

BE FPGAA—AMNSNANRAUATT—REEDMAC
BMIPO7ELTRHESN TS

B DEFPGAETILD)Y—RAEHRKRIZFIBLI-EE
DIPAT7ZRMHELTLVS
10GbpsiB D 51EI/O%+F -7\ FPGATH100GBASEZ =L 1=V
Eh
IP Coret, 7y 7T L—FTESB(END)
{51: Alteral&2013/111210G/40G/100G Ethernet IP CoreZ E #
100GIE55% /M E. 7T0%IEL AT
40G(F40% /ML, 60%IEL AT
10G(F20% /ML . 24%IBL AT

OpenCores[1]EMTERRIZKEIFHILWA—TUHEEEN LD E
X&H 5

[1] https://opencores.org/




Ethernet IP Core

Altera(Intel)[1]

AlterafF X M@ o7=Triple Speed Ethernet (10/100/1000BASE-
T)M5400GBASEZE T

25GBASE £ A 50GBASEEME
Xilinx(AMD)[2]
(RIIIRBER—RIGEDT—EMHEIEL)
AlteraEl#%. 1000BASE+>10/25GBASE[2]h5400GBASE[4]F£ T

[1] https://www.intel.com/content/www/us/en/products/details/fpga/
intellectual-property/interface-protocols/ethernet.html

[2] https://www.xilinx.com/products/intellectual-property/
nav-interface-interconnect/nav-wired.html

[3] https://www.xilinx.com/products/intellectual-property/em-di-400gemac.html

[4] https://www.xilinx.com/products/intellectual-property/ef-di-25gemac.html
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FPGAD 5 RI/OZFIHALTEETES
fth D =@ (E AR

Fibre Channel
Storage Area Network TZ a5
1.0625/2.125/4.25/8.5Gbps x n
10.3125/14.025/28.05/28.9/57.8Gbps x n
12 Tl32/64/128/256Gbps#k | DiRIE& TOFI AN —AZH
OTN(Optical Transport Network)
KRR\ IR—2 2y T—DIZTRIASND
10.4/26.4/40.3/52.8/104Gbps x n
CHELEERB-BDITHREL DTN
Interlaken: 3.125-6.375Gbps x n
DRI TSN TERBFR B E TULEND
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= IRBE M EAZDFPGATR—~ DB

Agilex 7 FPGA | series
Development Kit( L B E)
QSFP-DD x2
MCIOx8a1~%o%42 x2
PCle Gen5 x16

Platforms(TEE)
QSFP-DD x1
QSFP28 x1
SFP28 x4
M.2 x4 PCle
JESD-204C/B x8
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AlteralZ & A7 0 INZRAYF D FELEH

Stratix V GXZFI
14.1GbpsD kS5 — i\ x66fEIDBIED R YF Y
IW—T 42T D= DTCAMZE 3

To Line Cards
825G Switching Capacity
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FPGAIZLBAEERINT—ID TS

JLIEEALIE

Arria Il GXIZXHEBDT O RILESNIEEE R
DSPT Oy % E % E R
VI DI T7ERODEREGETERATEES

Ethernet RS-232 DDR2 Flash
WF UF  Memory Memory

Arria® Il GX
FPGA

https://www.altera.co.jp/products/fpga/arria-series/arria-ii/applications/aiigx-wireless.html
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ﬁBl EFa(T%:FPGA*lJu.

HFT: High Frequeny Trading
TILTYXLIZEDRER)EREIHED1D
WMEIFFDY—U U E<T HD . BEETIEIZTSHLET

SURBEMOS RN )G INEEIZGED
2005 THEY L2010 TELVH HZE5% 5L, 2006 TES T
2009 THREH"ELVS
RIEfZE<A O EDNDA—FIZ...

ZDEOEEEITITEREHKED LD LOEBENKELIELIC
—FPGAIZCKHER5{&FEER/\—F 71t
ZILTYXLDE S ILFIEHmET—/\E 5




HFTD kT —4(Z 81+ ZFPGAT
(1/3)

A FPGAfTENICIZKATCPAZO—T (25
TCPA7O—T42%: TCP/IIPRA YO %&FPGABITEITTHET
H—/\HlDEREER
H—/N\THERL-EGIFETDEIENSTEZFPGARIOTCP/IPR 2
[ZTEE

FIXZBra/)L:£/EGIDZEETORIL

7)) r—3>
_U__/{ 77°U/7-_:/3~/ jj_*}l/ -Ij-—/{
AT I8y R
/ \0"7'“/ I‘EE‘Z :>
FPGA
TCP/IPR A% N
NIC
NIC MAC TCP/IPRAv4
PHY PHY
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INTIYRT—R2DAE)ADFEAEZIZCPUMNNTE

TCPAZO—T 2%
IR TF—BIEAEY ICEERAFNTHSREBMDED
AEY LDy T— RIS L TR IEKEN TES

CPU

CPU 3)
(3) fﬂl’ - i
North
u.\\ : bridge
. bridge :

(1)

South

éﬁuuth - hrﬁdge MIC
: bridge |~ NIC /' (2 M)
(4)
(2) o I Video & /0 I
Video & 170

LAM
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HEDBIEZXFPGARNEI TAERL
H—/NMAFERE I FEERNBEBAED) VT X NLIEED &
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- h—=xI)L H—/\
7)) r—3ay
P—N H—HIL
INTYNE R FPGA
FPGA —> INT YRR NIC

MAC MAC

NIC TCP/IPR &Y% TCP/IPAFY7
PHY PHY




22

HFTD kT —4(Z 81+ ZFPGAT
(3/3)
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X1 R
FEBYDEFNE: TOEFIEE
FEEFIERLGHEFRNE: 1 —RINIL—LDEEETFVYUTIL
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SR —FRIZEITBHFPGA(/IMNR
2)+FPGAEE /N R A

J.P.Morgan R—r T+ A DIYRY 22l —aviC
FPGA7 7t5L—42%|FH(2011)
x86H—/\${F & i 51| T8-120%
ST OESL—42 G BH—/ 405 T49 (120f5 D EE1E)
EHR TGPUT14-15f5 D& &L HIT o1
AristamMFPGARB A YL T —O XA v FEHLTHZ&%

Alteraz B UL f=Intel WFPGAZ & &L F=SmartNIC%5: Y
HL-C &%
Xilinxt,Alveo US0EMHHL TET-
RIEZE3DAFYIREZFIALIZ-FPGALHTETLYS
LUTZFBAT=FvTETSV(Through Silicon Via)f#HTR2yoL T
B ER E iR B EZ HIRE
HBM(High Bandwidth Memory)Z#& A TAEURR Ly o EHET]
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FPGAE R YRT—O DR (1/2)

NICTONTPH—/S\OFPGA1L[1]

H—/\BORBNITNEET7AILEBOOT N KELI LTS

DT IR —ERBETENTPIIEE

KA RA—RYMEEENTPY—/N\DOFPGA{E - TLVS[2]
RADBFZIHIRIRZGNSSHEZ(ZLTLYVS

FPGA NICZ{E>1-5&Key Value Storet—/\[3]
FPGA NICA®MChangeFinders&[4]

[1] https://www.nict.go.jp/publication/NICT-News/0610/research/02.html

[2] https://elab.sakura.ad.jp/ntp-trial/

[3] fEED, "SHLET—21EEFH I HKey-Value Store7 T4 7 XD &KET,"
IFERANEF RS, 2016.

[4] Iwata et al. "An FPGA-Based Change-Point Detection for 10Gbps Packet Stream,”
BEFIFHBIEFR®GS, 2019.
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FPGA&E Y RT—O DR (2/2)

IS EH £ 5
INTYRDRAO—FKD1-gramiF s E D H[1]
TCAMZAHW=-TCPty avEBERERMO—FF-EEHH[2]
AoFVTTDTCPEYY IV BEMENFAIZK S EMBIERA3]
FPGAIZKARAMA—FDREIRBME MU E LS —/ Al DOEWMFES
FHEMBEIERR[4]

[1] Yanase et al., "Network Access Control by FPGA-Based Network Switch using
HW/SW Cooperated IDS," IEICE Tech. Rep., 2014.

[2] Fuchigami et al, "FPGA Base TCP Session Features Extraction Utilizing Off-Chip
Memories," INTERNET 2015, 2015.

[3] Hu et al., "Realtime Malicious Traffic Detection targeted for TCP Out-of-Order
Packets based on FPGA," IEEE Access, 2023.

[4] Hu et al., "Enhancing Detection of Malicious Traffic through FPGA-based
Frequency Transformation and Machine Learning," IEEE Access, 2024.



