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ABSTRACT

Recently, speeding up real time calculation using the specialized hardware accelerator is often used in the various
engineering and science area, and the accelerators are required to include PCI express interconnection between FPGA and
a host computer. The implementation of the high speed PCle for the multi-giga bytes per second transmission is one of
the most difficult issue in the development of the accelerators. There are several commercialized IP solutions and research
results in the literature, but these solutions are required extra cost and design period to analyze the detailed
implementation method. For the hardware accelerator on Xilinx FPGA, utilizing Xilinx’s XDMA PCle IP ,which is
provided without extra charge, can be the best solution in terms of the development period and cost. Consequently, this
paper presents the evaluation system on Zyng-7000 FPGA and Windows 10 host computer, and analyze the performance
of the PCle IP with various configuration parameters.
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2.1, PCl Express 7| & 704
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Fig. 1 The layers of PCl Express architecture.
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Fig. 2 Transaction layer packet (TLP).
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Fig. 3 Topology of PCl Express system[12].
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3.2 XilinxQ| PCI Express IP

Xilinxof| A= Virtex 5 A]2] =0 A 5E] PCI express

PS AlB5l7] ARSI 63k TA ] = Al Eto] ke
Eﬂixi HAZOZ GenlFE Gen37IA] AP = A=
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Table. 1 FPGA PCle framework comparison.

. Peak throughput
Solution Host PCle (MBJs)
EPEE Linux Gen 2 (x8) 3,200
ffLink Linux Gen 3 (x8) 7,000

. Peak throughput
Solution Host PCle (MBJs)
DyRACT Linux Gen 2 (x4) 1,450
Linux
RIFFA 2.2 Windows Gen3 (x4) 3,040
. Linux
Xillybus Windows Gen3 (x4) 3,500
Linux
Northwest Windows Gen3 (x8) 5,900
JetStream[3] Linux Gen3 (x8) 7,000
L. Rota[5] Linux Gen2 (x16) 6,920

71 Bl glo] 45 A4 ¥ PCle IPE
2o, Linux2} Windows-& Egfo|H I A|F=th 3.1
Ao A ol o2 B 7e=3 TEI7EA £ Xilinx
O] IP%= DMA 7|¥ke] -2 G E|o] Qlth 3 204
= TAl|= o] 9] Xilinx FPGAO|A AR = Q=
PCle AMFS 7d 2l ak3leh

AT 5

Table. 2 PCle solution portfolio in Xilinx FPGA.

Data
Family PCle Rate N‘glr:)bcfs"f
(GB/s)

. Gen3 (x16)
Virtex Ultrascale+ Gend (x8) 16 2-6

Gen3 (x16)
Zynq Ultrascale+ Gend (x8) 16 0-5
Virtex Ultrascale Gen3 (x8) 2-6

Zyng-7000 Gen2 (x8) 4 1

Z] Al tjujo| A9l Ultrascale+of| A= Gend71x] |
1531t} Zyng= ARM CPU7} UAE]o] 9= tlufo]
201, B =Ho| A Zyng-7000 FPGAS AM&-3]A]
PCleS 33}l /5 A4S astelch

XilinxAFo A= 7 A]|2] 2 0]A+9] Xilinx FPGA©f A
AMgs 4= 9l DMA/Bridge Subsystem for PCI
Expressgli= IPE XDMAEh= 0|50 2 A|¥-5fal Qlct
[10]. XDMAX 2719} 217] 7]%-8 H2C (Host-to-Card)
@} C2H (Card-to-Host) g2 A|Zslo] x| Yaic). &
St, Scatter Gather DMA S 323151 AMBA 2] AX14 21
B #|o] A5 ARg-SFo] XDMAZE AXIS] nEAE] 7} B of
2] 9 7ek Sl gleje A 4 ok

XDMA = Xilinx ] Vivado 72t 27 0) 4] 41A4] &

S Qow], AR 7P B S G R4S T
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712 AA (Basic &A)o)A= DMAL] ALE of =,
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7 A& HoZT10].
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2 POl Exprass Endosint devies GT Selection

Pz Block ocaton X1¥0 v Enanis T Quad Selection

T uad GTY Quad 227

Pie Interface AXtinterface
Lane Width X ! A Adddress Wit & 3261

Maximum Link Speed A1 Data Wieth T ]

®250Ts O5.06Ts O 8.0GTs AXI Clock Frequency

625 125 @250
Reference ClockFrequenty (MH2) | 100MHz v

Reset source DMA Interface option

A-lte Siave Interface

Fig. 4 Basic options for Xilinx XDMA IP.
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S o] Qe vl
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A

|
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EZ Windowsl0 648 E OS ZAFE| o Aztsfja A=
A= AEgskih 1E 5ol A ‘%—J-’F 0] ZCT706 H
S 4749 dQ17kA] A4 5 e,

XDMA9] /d5 245 lall 11 63t o] Al AglE
L4339t XDMAZEAXI afAE 2 E2RS- 511, AXI
SmartConnectZS Z3} 4] Xilinx BlockRAMY} g|A~E-&
GPIO R Eo] A% o] 9ltl wEeg]¢]l BlockRAMS]
A7)0 whet TAEo| A JF ¥l A 2|g 4= Q= HlolH
H 1 o] 2717} AR EH, o]= el B dFe A
t}. ofo gt B4 4.2 of 1he} Qirk

Fig. 5 Xilinx ZC706 EVM board [11].

AXI

T 1M BlockRAM | BlockRAM
H Controller
PCle 2.0 XDMA a8
4lanes (PCle + AXI DMA) é
@ AXI4
% AXI GPIO

Fig. 6 Block diagram of XDMA evaluation system

PCleE E3]| 4] RCSH EPALo|o] 100MHz 7% &
o] 25 (differential) 4152 AZAEE XDMA IP= T
Tt (single-ended) 255 7| 2522 o9 7]
wol, Tt o] A9l BEoll Al IBUFDS_GTE22h=
25 HIE A slAl A48 Fofof gtk

/I PCle Reference Clock Input buffer
IBUFDS_GTE2 pcie_clk_ibuf (
I (pcie_ref clk p ),
IB  (pcie_ref clk n ),
.O  (w_clk 100MHz ),
.ODIV2 ( )
)i

42 Xilinx XDMA IP M5 &4
4.1783} o] - H sh=g o2} Xilinx of| A Al g-5l=
Windows 10 Eg}o|HZ &850 A5 BAL 519

1200 -
m Write
1000 m Read | | | |

8
. || II |I ‘I
512 1024

Memory size KByles)

8

6

8

4

g

Throughput (MBytes/s)

g

Fig. 7 PCle throughput vs. internal memory size.
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Fig. 8 Write throughputs with different AXI options
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Fig. 10 Write throughputs with different memory widths
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¥ = 125MHz2 A A3k Th
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Hol| 27] = 97I1E AH2git) SefolHoA o]&
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BlockRAM =L7]0]| W2 2|11 sz o] MalE Ko
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a9 794 o = ko], AF Adl EPofA
128KByte ©]/42] & WS Z3sjof SAE =t
ojH e} AFE UL
128Kbyte K.t} v 2|7} & %%OﬂL s HE7t A9
Ak 22719 79 Hdf 1~1.05 GByte/s ] 5 10|
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Fig. 9 Read throughputs with different AXI options
m32b
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Memory size KBytes)

Fig. 11 Read throughputs with different memory widths
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7F Q=A] 248kl 1 83 9o YEhH Slek i v
malo 7|7t FEE o, 7] E2Fo] A58 = Fjo]
7} Qick BRI 917] $79] A58 648 E-250MHz
749 ) h FAFR S B 7} 9T, FPGA 50
e} 250MHz) BAEES ZhE s AAsHs 2L o
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7|EH 02 AXI B A8} v HlolE BAE o
v o] #HA| 7} glojok 3L &, 128U E-125MHz AXI ¢l
E]#o] A2 w 1288 E/64H]E/32H|E We] flo]E]
25 AMEShe 492 e Akl 4 25

o] TU7 3 FlolE H2 Zof| ujFsHA A5 Hst
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. U dle) 27174 128KB o144l o) A% vsk
= 3 33} ek Hj2s Zo] 128429 w} mlwlo] 64
HIEY o] oF30~45%, 32H|EY o °F 60~70% A= A3
317} g,

or &
14

O

Table. 3 Performance with different memory widths

. i 128bit 64bit 32bit
Direction
Write 1040 MB/s | 657 MB/s | 350 MB/s
Read 857 MB/s | 592 MB/s | 309 MB/s
V.8 B

FPGAE 7|Hre2 3= stEdo] 7I571E 283
tjokst AL 317] YA s TAE #HEE QL PCle &
AAE o]of st} 7]&2] thet FPGAS PCle &34
o) EAJSIATE, AAE ] A2 A gk Hl B
ool Atk 2 =A== XilinxAbof A o=
Windows @} Linux =2fo]H e} 317 A|-5-5= PCle IPQ]
XDMA IPE A #8381 He2 E43FAt Gen2

x4 ALFQl 749, o A= 27| uf 1,050MByters,
¢171 o wj 970MByte/sZ S = ATk ERE 2 =120
A WiF vlme)e] =71, Alg] AXT B2 spEhulE,
PCle@} UJ3E v 22] fo]E] 1 AE 0] 2jo|o} o] A2
& T o M7 7k ek whetu] el 5ol PCle 4350l 1l
A= FFE 245k

References

[ 1] L. Rota, M. Vogelgesang, L. E. Ardila Perez, M. Caselle, S.

Chilingaryan, T. Dritschler, N. Zilio, A. Kopmann, M.
and M. Weber, “A High-throughput Readout
Architecture based on PCI-Express Gen3 and DirectGMA

Balzer,

[10

[11

1673

—

—

—

—

—

=

—

Xilinx FPGAZ PCl express 718 U M5 24

Technology,” Journal of Instrumentation, vol. 11, pp. 1-9,
Feb. 2016.

H. Kavianipour, S. Muschter, and C. Bohm, “High
Performance FPGA-Based DMA Interface for PCle,” IEEE
Transactions on Nuclear Science, vol. 61, no. 2, pp.

745-749, Apr. 2014.
M. Vesper, D. Koch, K. Vipin, and S. A. Fahmy, “JetStream:
An Open-Source High-Performance PCI Express 3
Streaming Library for FPGA-to-Host and FPGA-to-FPGA
Communication,” in Proceedings of the 26th International
Conference on Field Programmable Logic and Applications,
Lausanne, Switzerland, pp. 1-9, Aug. 2016.

J. Gong, T. Wang, J. Chen, H. Wu, F. Ye, S. Lu, and J. Cong,
“An Efficient and Flexible Host-FPGA PCle Communication
Library,” in Proceedings of the 24th International
Conference on Field Programmable Logic and Applications,
Munich, Germany, pp. 1-6, Sep. 2014.

L. Rota, M. Caselle, S. Chilingaryan, A. Kopmann, and M.
Weber, “A PCle DMA Architecture for Multi-Gigabyte Per
Second Data Transmission,” IEEE Transactions on Nuclear
Science, vol. 62, no. 3, pp. 972-976, Jun. 2015.

N. Zilberman, Y. Audzevich, G. A. Covington, and A. W.
Moore, “NetFPGA SUME: Toward 100Gbps as Research
Commodity,” IEEE Micro, vol. 34, issue. 5, pp. 32-41, Jul.
2014.

A. Byszuk, J. Kolodziejski, G. Kasprowicz, K. Pozniak, W.
M. Zabolotny, “Implementation of PCI Express Bus
Communication for FPGA-based Data Acquisition System,”
in Proceedings of Photonics Applications in Astronomy,
Communications, Industry, and High-Energy Physics
Experiments 2012, vol. 8454, pp. 1-6, Oct. 2016.

S. M. Ryu, “Development of FPGA-based Meteorological
Data

Meteorological Information Receiver System for COMS,”

Information Receiver Circuit for Low-Cost
Journal of the Korea Institute of Information and

Communication Engineering, vol. 19, 10, pp.
2373-2379, Oct. 2015.

J. S. Kang, and M. S. Kang, “FPGA Implementation of
Based
Scheduling,” Journal of Security Engineering, vol. 13, no. 6,
pp- 439-450, Dec. 2016.

Xilinx. DMA/Bridge Subsystem for PCI Express v4.0
Product Guide [Internet]. Available:
https://www.xilinx.com/support/documentation/ip_docume
ntation/xdma/v4_0/pg195-pcie-dma.pdf .

Xilinx. ZC706 Evaluation Board for the Zyng-7000

XC72045 SoC User Guide [Internet]. Available:

no.

ARIA  Crypto-processor on Advanced Key



https://www .xilinx.com/support/documentation/boards_and
_kits/zc706/ug954-zc706-eval-board-xc7z045-ap-soc.pdf .
[12] PCI-SIG, PCI Express Base Specification, Revision 3.0,
PCI-SIG Std., 2010.
[13] J. Lawley, “Understanding Performance of PCI Express
Systems,” Xilinx: Whte Paper WP350, Oct. 2014.

0| &l (Jin Lee)
i ; 3 SRS (KAIST) 77| o TRkSSH eiAL
B 4 AHLTIR} M)/ iR
e TR S imE SmE

BAEOb: BM EAIHIZH| 2H|C|= A|AE! System on Chip

T O

1674



