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1.2. hEARIEH (Acceleration Glossary)

= 2. Acceleration Stack for Intel® Xeon® CPU with FPGAs A&
RiF EEs) i3
Intel® Acceleration Stack for Intel Acceleration Stack —RANEA, FEEATTE, 24t Intel
Xeon® CPU with FPGAs FPGA FlI Intel Xeon ¥R [AIHEREMAL
R .
Intel Programmable Acceleration Card Intel PAC with Intel Arria 10 GX FPGA A7 Intel Arria 10 FPGA ] PCIe* Jijs
with Intel Arria® 10 GX FPGA o FEYHIEME - (Programmable

Acceleration Card)%i% 4 PAC.

14— FPGA Interface Manager
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1.3. B4E1E

*® 3. W 4a 15
WE4ETR AEFR Ei:ipuy
AFU Accelerator Functional Unit 1£ FPGA &+ sL3LNT Hardware

Accelerator, M CPU #1#—/MEL/ELL
k.

AF Accelerator Function 1E FPGA &35 SL B E 4% 1%/ Hardware
Accelerator W%, X R FIFR PR TINH

API Application Programming Interface —ZH TR AR P 1 TR 8 L
PR T
FIM FPGA Interface Manager FPGA fifif}-, % FPGA Interface Unit

(FIU)FUH T dr, PIESSERANDE
Accelerator Function (AF)friz{7h{5 FIM

OPAE Open Programmable Acceleration OPAE J&—MRUHESE , FT & BRI 15 [
Engine AF.
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2. 55

AT WA LEAE Intel PAC with Intel Arria 10 GX FPGA 1.2 Release _Efd#iff]
OpenCL* . AfgRfli HESTEL 1.2 Release I TH4w1FH OpenCL WiZ. AR P gt asEst
4w OpenCL I Aro

OpenCL &I & WA EM:, N (kerne)FEHL(host). kernel & 1A, host 1EEHL
B T IR A ERLH

TEE: T EAUE root AUFRAREXT OpenCL BT E «
EE s
e Intel FPGA SDK for Open Computing Language (OpenCL) web-page

o Intel FPGA SDK for OpenCL Pro Edition Getting Started Guide

+  OpenCL on the Intel PAC with Intel Arria 10 GX FPGA L A [ 1H P Hra /74 (58 20
)

2.1. RHHE

$OPAE_PLATFORM_ROOT T &A%k Intel PAC with Intel Arria 10 GX FPGA 1.2
Release (1301 KA 4E{: TSOPAE_PLATFORM_ROOT/opencl 321 OpenCL 3T
s

« 1.2 OpenCL Board Support Package (BSP):
— opencl_bsp
«  OpenCL SISO -
— exm_opencl_hello_world_x64 linux.tgz
— exm_opencl_vector_add x64 linux.tgz
o TIFENN N (pre-compiled kernels) <aocx>:
— hello_world.aocx
— vector_add.aocx

TR
Understanding the Extracted Intel PAC with Intel Arria 10 GX FPGA Release Package
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3. & Xl (Setting Up the Host Machine)

BREM: 1fEi8fT OpenCL 2 hij, W/ii%R Intel Acceleration Stack Quick Start Guide for
Intel Programmable Acceleration Card with Arria 10 GX FPGA 1] Getting Started {5+
0 B TR E

TE:

o WIRFEZE OpenCL ZwiFdsfl LEEME# 51T OpenCL AFU, ARABFEIf%% Intel
Acceleration Stack for Development. L3I RHFHifE T OpenCL SDK {2 T/home/
<username>/inteldevstack/m# Custom Directory, /<custom Directory>
o AAP R I AR H/<Dev Install Path>.

o WRHFEE Intel FPGA SDK T OpenCL #EIRE, 84 T#HFF4e% Intel Acceleration

Stack for Runtime. Z3E1THEEEHIE T OpenCL RTE %3 fE/home/<username>/
intelrtestack/m# Custom Directory, /<custom Directory>T. &M/ #H
g2t N/<RTE Install Path>.

o IH/RNEL RTE fl DEV Z3EAER— ML A% L. DEV ELES T RTE,
FEREERE

o Intel Acceleration Stack Quick Start Guide for Intel Programmable Acceleration
Card with Intel Arria 10 GX FPGA

e Getting Started
« Installing the Intel Acceleration Stack Development Package on the Host Machine

« Installing the Intel Acceleration Stack Runtime Package on the Host Machine

3.1. ZE X T (Installing the Release)

¥4/ Quick Start Guide #1155 2 ZEF% 6 EH IR X Intel PAC with Intel Arria 10 GX
FPGA #TiE .

SR DIAE— A AL BRI R B £ —1> Single Root I/0 Virtualization (SR-IOV)Z% H A L
T IREEHFIETT OPAE #is

IREAE— 4 SR-IOV B ERMEENEFIEST OpenCL %W, IBAFE LA T AAMY &
IR

1. AL T4, AN OpenCL Fl & st f T4t :

$ aocl program <devi ce nane><fil enanme>

M 1.2 Release A ERME IR HB A HALE

SR AT REIFTATAUR. SORE/R. SRR/ BRSSO bt R SR A RIS A IO AR R IR RS

8, SERS/RBRIIER. FPGA RIS I HE R 20 M ALK, (PRBIBART B (0P RS OBLR), OR33PI JRVHE |

AR B SR R AP SR AOFEFT( B oS T 2T LA L , R ESR R DI LR, il 500 o
R P (A 2 A 5 2 0 LR 3600 W h s 2 i, e LR 1 28 PR 2001:201°
* LAl 2B T RE R LR 100 gister
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W45 Quick Start Guide 1Y) Updating Settings Required for VFs f1 Configuring the VF
Port on the Host #5453 B R AH RE REFLIAL

P BEAML A9 CL_CONTEXT_COMPILER_MODE_ INTELFPGA Bfiids it 25 - OpenCL
FEHLEfTE A A X FPGA fic B a4 E il S

$ export CL_CONTEXT_COMPILER_MODE_INTELFPGA=3

MBS AT B B R o

134 Quick Start Guide 1¥ Disconnecting the VF from the VM and Reconnecting to
the PF &3 Hr B IR A 1F REAUAE

IS 25

Intel Acceleration Stack Quick Start Guide for Intel Programmable Acceleration
Card with Intel Arria 10 GX FPGA

Updating Settings Required for VFs
Configuring the VF Port on the Host
Disconnecting the VF from the VM and Reconnecting to the PF

3.2. ¥k Intel Acceleration Stack for OpenCL

init_env.sh A4S Acceleration Stack for OpenCL HIFFARIIALRILE . AN T /
<RTE install path>/&#/<DEV install path>/4.

IR ARG — s T init_env.sh, ABAERH S FERsiTHA, LA AR AR
JERE

B A S BTG —FTHT shell S EHIZAT InTt_env.sh A, REHBE RGN

ibP

BERIA S LA N AT 55

SH LU R IR AR B

— OPAE_PLATFORM_ROOT: #&IiLARE) Intel Acceleration Stack K17t
— AOCL_BOARD_PACKAGE_ROOT: #glaAdf# (unpacked)iy OpenCL BSP
— INTELFPGAOCLSKDROOT: Intel FPGA SDK for OpenCL %% H %

1517 OpenCL #iaHZA(Init_opencl . sh) RS FEE TG uE LI (INR B %
#*y.
WiTisfT setup_permissions. sh i E &R R %250

AL TS INTELFPGAOCLSDKROOT/bin Y Intel SDK for OpenCL (aoc ) HAR Tl
#| PATH

3.3. fii & OpenCL Driver

C] BT

1.

G 81T LA N 434t Acceleration Stack OpenCL driver Tl E :

sudo -E aocl install

Ml fa) M SRk BSP B, [H45 Y (yes)o.

OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX
FPGA tE A TH 455
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4. i51

T2 (Running Diagnostics)

BT F 207, En#E—1 OpenCL W#(kernel) 2. LA T A hello_world
W (kernel), &R LMERH H 2 1P (kernel).

1.

hnzk hello_world OpenCL W (kernel):

$ aocl program aclO0O $OPAE_PLATFORM_ROOT/opencl/hello_world.aocx

IR T
aocl program: Running program from $OPAE_PLATFORM_ROOT/opencl/opencl_bsp \

/1inux64/1ibexec
Program succeed.

BT RIS W SRR -

$ aocl diagnose

KRR e R 6

Device Name:
aclo

Package Pat: $OPAE_PLATFORM_ROOT/opencl/opencl_bsp

Vendor: Intel Corp

Phys Dev Name Status Information
pac_al0_f200000 Passed PAC Arria 10 Platform (pac_alO_f200000)
PCle 04:00.0

FPGA temperature = 46 degrees C.
DIAGNOSTIC_PASSED

IBITEPILHREF
$ aocl diagnose aclO

R igE g N R

aocl diagnose: Running diagnose from $OPAE_PLATFORM_ROOT/opencl \
/opencl_bsp/linux64/1ibexec

Using platform: Intel(R) FPGA SDK for OpenCL(TM)

Using Device with name: pac_alO : PAC Arria 10 Platform (pac_alO_f200000)
Using Device from vendor: Intel Corp clGetDevicelnfo
CL_DEVICE_GLOBAL_MEM_SIZE = 8589934592

clGetDevicelnfo CL_DEVICE_MAX_MEM_ALLOC_SIZE = 8588886016

Memory consumed for internal use = 1048576

Actual maximum buffer size 8588886016 bytes

Writing 8191 MB to global memory. ..

Allocated 1073741824 Bytes host buffer for large transfers

Write speed: 5447.76 MB/s [5100.38 -> 5710.86]

Reading and verifying 8191 MB from global memory ...

YRFRAT . R BTAARR] . %ﬁ%\%%mﬁﬁﬂﬁh%ﬁmﬁ TR IR A T B HA AT RIS - mm%%%%ﬁ@%ﬁ%

B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R IS0

R R L S5 R A S PR R E T B 7 A RIS T AR AR STAEAN S5, BRARAH ﬂXHmﬂEi%m%ﬁﬁnﬂﬂﬁ 0001:2015
%‘fﬁg)‘:E%%ﬁﬁmﬁﬁ?ﬁﬂﬁ%)é\zﬁﬁLI&T$LTWW”%&HI%%ZE?J‘, RS AREURH AL MO A - Registered
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4. B8/ (Running Diagnostics) I n I
683831 | 2018.12.04 ®

Read speed: 6319.11 MB/s [5829.62 -> 6815.82]
Successfully wrote and readback 8191 MB buffer

Transferring 262144 KBs in 512 512 KB blocks ... 3295.09 MB/s
Transferring 262144 KBs in 256 1024 KB blocks ... 3465.62 MB/s
Transferring 262144 KBs in 128 2048 KB blocks ... 4173.86 MB/s
Transferring 262144 KBs in 64 4096 KB blocks ... 5069.94 MB/s
Transferring 262144 KBs in 32 8192 KB blocks ... 5084.80 MB/s
Transferring 262144 KBs in 16 16384 KB blocks ... 5538.76 MB/s
Transferring 262144 KBs in 8 32768 KB blocks ... 6165.23 MB/s
Transferring 262144 KBs in 4 65536 KB blocks ... 6536.86 MB/s
Transferring 262144 KBs in 2 131072 KB blocks ... 6320.60 MB/s
Transferring 262144 KBs in 1 262144 KB blocks ... 6619.78 MB/s

As a reference:

PCle Genl peak speed: 250MB/s/lane
PCle Gen2 peak speed: 500MB/s/lane
PCle Gen3 peak speed: 985MB/s/lane

Writing 262144 KBs with block size (in bytes) below:

Block_Size Avg Max Min End-End (MB/s)
524288 2509.11 3295.09 1693.93 2018.67
1048576 2543.70 3087.25 1656.82 2279.26
2097152 3634.87 4173.86 2265.05 3410.79
4194304 4548.67 5069.94 3939.32 4362.32
8388608 4813.88 5084.80 4089.09 4722.04
16777216 5266.92 5446.97 4821.61 5206.11
33554432 4818.27 5226.23 3681.99 4792.34
67108864 4964.35 5662.74 4123.11 4952.34
134217728 4367.72 4640.88 4124.93 4366.66
268435456 4546.45 4546.45 4546.45 4546.45

Reading 262144 KBs with block size (in bytes) below:

Block_Size Avg Max Min End-End (MB/s)
524288 2487.06 3038.19 1757.40 2015.28
1048576 2934.13 3465.62 2241.64 2613.45
2097152 3485.74 3673.13 2820.99 3296.42
4194304 3406.50 3629.74 3040.80 3300.23
8388608 4474.60 4589.06 4241.70 4378.74
16777216 5289.71 5538.76 5081.67 5219.55
33554432 6014.68 6165.23 5686.37 5976.21
67108864 6440.31 6536.86 6365.68 6421.60
134217728 6106.75 6320.60 5906.89 6098.65
268435456 6691.78 6691.78 6691.78 6691.78

Write top speed = 5662.74 MB/s
Read top speed = 6691.78 MB/s
Throughput = 6177.26 MB/s

DIAGNOSTIC_PASSED

FPGA TR a5
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C] RRERH

5. X%k &% OpenCL S F#F

intel.

1EIZ1T OpenCL N2 AT, HXTE4 BSP @i Accelerator Function (AF)fY PAC /T
ift. TH aocl B/7frdf—"1 aocx U N#E] PAC o HFEXE1 PAC R AF 4ift—
Wo WIMAGFEIS, ATLAE ] OpenCL API (f#i ] aocx Fe/F 4 YK AR 1 B AR P ik £ PAC -k

s

X —1 PAC RHIREE,

Intel #10% hugepage FIBUE I TEEL 20, W RS AL 1 PAC

R, IBAEA-RRAGEC 20 1 hugepage. i, — AU PAC R RS2 1L 80 1
hugepage.

WA LL 4% hugepag F%0E1% M 80:

$ sudo sh -c "echo 80 > /sys/kernel/mm/hugepages/hugepages-2048kB \

/nr_hugepages™

izfr aocl diagnose 4 UHIE RS 1 FPGA Hht. filln, E/H M4 PAC FIIRZ Lis
fraocl diagnose & RES W RALT LUR A R4 -

1.

$ aocl diagnose

Device Name:
aclo

Package Pat: $OPAE_PLATFORM_ROOT/opencl/opencl_bsp
Vendor: Intel Corp

Phys Dev Name Status Information

pac_al0_f100001 Uninitialized OpenCL BSP not loaded. Must load BSP

using command:

"aocl program <device_name> <aocx_file>"
before running OpenCL programs using

this device

DIAGNOSTIC_PASSED

Device Name:
acll

Package Pat: $OPAE_PLATFORM_ROOT/opencl/opencl_bsp
Vendor: Intel Corp

Phys Dev Name Status Information

pac_alO_f100000 Uninitialized OpenCL BSP not loaded. Must load BSP

using command:)

"aocl program <device_name> <aocx_file>"
before running OpenCL programs using

this device

YERFRAT o PREEFTARR . SUREIR S SRR A S IR AR RS /R A RIECH A A TR RIbR . K HSEAG IR AR HEGRAIE 5%

B, SRR ARAEEL FPGA FlI2 54407 i 1Y) 14 BB
AR IR R B A S R A AR T 5 R

FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o

* LA R 24 A T

RERE AT A R T

B AR, EOR B BEIN SESOEf ARUIR S BRI, RN BATER . SRR IS0
7 IR S5 T A AR STAERI S S5, BRARFS S SR /R T m LR W R il
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5. XE£FEAH OpenCL Z#F I n t e I

683831 | 2018.12.04

C] Rk

DIAGNOSTIC_PASSED

LR Xt Step 1 A S — R T4 71 :
$ aocl program acl0 $OPAE_PLATFORM_ROOT/opencl/
hello_world.aocx

aocl program: Running program from $OPAE_PLATFORM_ROOT/opencl \
/opencl_bsp

Program succeed.
PUR a4 xS Step 1 F8IHI TSR — SR Tom e :

$ aocl program acll $0PAE_PLATFORM_ROOT/opencl/
hello_world.aocx

aocl program: Running program from $OPAE_PLATFORM_ROOT/opencl \
/opencl_bsp

Program succeed.

Xt FPGA %4if2)5, aocl diagnose &2t s E
$ aocl diagnose

Device Name:
aclo

Package Pat: $OPAE_PLATFORM_ROOT/opencl/opencl_bsp

Vendor: Intel Corp

Phys Dev Name  Status Information

pac_alO_f100001 Passed PAC Arria 10 Platform (pac_alO_f100001)
PCle 04:00.0
FPGA temperature = 56 degrees C.

DIAGNOSTIC_PASSED

Device Name:
acll

Package Pat: $OPAE_PLATFORM_ROOT/opencl/opencl_bsp

Vendor: Intel Corp

Phys Dev Name Status Information

pac_alO_ 100000 Passed PAC Arria 10 Platform (pac_al0O_f100000)
PCle 04:00.0
FPGA temperature = 48 degrees C.

DIAGNOSTIC_PASSED

PEE R LMER LT i A2 R ARG BB MR E R Lis T a2 ity

$ aocl diagnose <devi ce nane>

OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX
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C] RRERH

6. 5177~ %(Running Samples)

AT A {4 TR %1 OpenCL W% (kernel ) Fr# (s il 1% Az T EHACAS (host
code).

6.1. izfT Hello World

1.

i (extract) hello_world /=4

$ cd $OPAE_PLATFORM_ROOT/opencl

$ mkdir exm_opencl_hello_world_x64_linux

$ cd exm_opencl_hello_world_x64_linux

$ tar xf ../exm_opencl_hello_world_x64_linux.tgz
¥R (build example):

$ export ALTERAOCLSDKROOT=$INTELFPGAOCLSDKROOT
$ cd hello_world

$ make

s aocx EHilF7RE] bin Sk

$ cp $OPAE_PLATFORM_ROOT/opencl/hello_world.aocx ./bin/
Bl

$ _/bin/host

FEB -

Querying platform for
info:

CL_PLATFORM_NAME
CL_PLATFORM_VENDOR
CL_PLATFORM_VERSION
OpenCL(TM), Version 17.1.1

Intel (R) FPGA SDK for OpenCL(TM)
Intel (R) Corporation
OpenCL 1.0 Intel(R) FPGA SDK for

Querying device for info:

CL_DEVICE_NAME
(pac_al0_f200000)
CL_DEVICE_VENDOR
CL_DEVICE_VENDOR_ID
CL_DEVICE_VERSION
OpenCL(TM), Version 17.1.1

pac_alO : PAC Arria 10 Platform

Intel Corp
4466
OpenCL 1.0 Intel(R) FPGA SDK for

CL_DRIVER_VERSION =17.1.1
CL_DEVICE_ADDRESS_BITS = 64
CL_DEVICE_AVAILABLE = true
CL_DEVICE_ENDIAN_LITTLE = true

YERFRAT o PREEFTARR . SUREIR S SRR A S IR AR RS /R A RIECH A A TR RIbR . K HSEAG IR AR HEGRAIE 5%

intel.

B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R IS0
AR R BB A SO R AR T R ™ SR IS T 7 AR AR STAEAN S5, BRARA SIS /R T _E R0 R R il

FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o
* LA R A4 BN AT BE A FL At BT A O 57
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6. =7 #l(Running Samples)
683831 | 2018.12.04

CL_DEVICE_GLOBAL_MEM_CACHE_SIZE
CL_DEVICE_GLOBAL_MEM_CACHELINE_SIZE
CL_DEVICE_GLOBAL_MEM_SIZE
CL_DEVICE_IMAGE_SUPPORT
CL_DEVICE_LOCAL_MEM_SIZE
CL_DEVICE_MAX_CLOCK_FREQUENCY
CL_DEVICE_MAX_COMPUTE_UNITS
CL_DEVICE_MAX_CONSTANT_ARGS
CL_DEVICE_MAX_CONSTANT_BUFFER_SIZE
CL_DEVICE_MAX_WORK_ITEM_DIMENSIONS
CL_DEVICE_MEM_BASE_ADDR_ALIGN
CL_DEVICE_MIN_DATA_TYPE_ALIGN_SIZE
CL_DEVICE_PREFERRED_VECTOR_WIDTH_CHAR
CL_DEVICE_PREFERRED_VECTOR_WIDTH_SHORT
CL_DEVICE_PREFERRED_VECTOR_WIDTH_INT
CL_DEVICE_PREFERRED_VECTOR_WIDTH_LONG
CL_DEVICE_PREFERRED_VECTOR_WIDTH_FLOAT
CL_DEVICE_PREFERRED_VECTOR_WIDTH_DOUBLE
Command queue out of order?

Command queue profiling enabled?

Using AOCX: hello_world.aocx
Reprogramming device [0] with handle 1

Kernel initialization is complete.
Launching the kernel...

intel.

32768

0
8589934592
true

16384

1000

1

8
2147483648
S

8192

1024

Thread #2: Hello from Altera®s OpenCL Compiler!

Kernel execution is complete.

6.2. izf7REM(Vector Add)
1. EBURYI(extract example):
$ cd $OPAE_PLATFORM_ROOT/opencl
$ mkdir exm_opencl_vector_add_x64_linux
$ cd exm_opencl_vector_add_x64_linux

$ tar xzvf

2. HEZRBI(build example):

. ./exm_opencl_vector_add_x64_linux.tgz

$ export ALTERAOCLSDKROOT=$INTELFPGAOCLSDKROOT

$ cd vector_add

$ make

3. ¥R OpenCL W (kernel)EfiI£] bin SC{k:

$ cp $OPAE_PLATFORM_ROOT/opencl/vector_add.aocx ./bin

4. Bfrpl:
$ ./bin/host

FEGI -

Initializing OpenCL
Platform:
Using 1 device(s)
pac_al0 :
Using AOCX: vector_add.aocx
Reprogramming device [0] with handle 1

Launching for device 0 (1000000 elements)

C] Rk

Intel (R) FPGA SDK for OpenCL(TM)

PAC Arria 10 Platform (pac_alO_f200000)

OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX
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| ]
I n t I 6. =/77nF(Running Samples)
® 683831 | 2018.12.04

Time: 8.046 ms
Kernel time (device 0): 3.711 ms

Verification: PASS

OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX D kR
FPGA T AT TH F 455
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7. %%i% OpenCL H#Z(Compiling OpenCL Kernels)

L. AR A B PR A

source <RTE Install Path>/init_env.sh
source <DEV I nstall Path>init_env.sh

2. TREAMERERR BSP X EREEIH TIRE, ML @4
aoc --list-boards
Cut put
Board list:

pac_al0
Board Package: /home/usernanme/inteldevstack/opencl_bsp

3. fEFAZEMTLLUNRM4% OpenCL Kernel 4#i% )i, aocx:
$ cd $OPAE_PLATFROM_ROOT/opencl/exm_opencl_vector_add_x64_linux/vector_add

$ aoc device/vector_add.cl -o bin/vector_add.aocx --board pac_alO

TR
Setting the Intel FPGA SDK for OpenCL User Environment Variables

7.1. AN FER
Intel W EAHRF aocx AR AR FHE(timing failure).
o B2 B s R AR LA R SO
afu_fit.failing_clocks.rpt

afu_fit.failing_paths.rpt

#iln, 4% vector_add.cl 5, #£#|$OPAE_PLATFORM_ROOT/opencl/
exm_opencl_vector_add_x64_linux/vector_add/device/vector_add H3%.
WRAAEN 7B, B2t H s 6 3 RN SO RS SO 7RIN P A IEHi (not clean),
TCEARIEDIRE IE 1 o

Wik OpenCL WEHIESE TR FiEM, 84 Intel BUFEHAARFN seed (aoc

<kernel . cl >--seed <i nt eger > )EiX%iiF.

Bian,
aoc vector_add.cl --seed 2

aoc vector_add.cl --seed 3
aoc vector_add.cl --seed 63

YERFRAT o PREEFTARR . SUREIR S SRR A S IR AR RS /R A RIECH A A TR RIbR . K HSEAG IR AR HEGRAIE 5%

B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R IS

ARSI S ASCT AR R (T R B 7™ b s s 10 A B BT AERILSS , BRAE(G RISER /R T LA IR B3 o o 0 e
FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o Registered
* LA R A4 BN AT BE A FL At BT A O 57 gister
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8. izf7—/> OpenCL &t L4l

ARATNBUMAEE S Intel Arria 10 GX FPGA 11 Intel PAC LizfT OpenCL #itsLfil. ristit
SR T FFT (2D)# T

ENTHZIR Setting up the Host Machine 3 TR IR EHLHATIRE

.

iEP i
1 FHL(Setting Up the Host Machine) (55 6 1)

8.1. % OpenCL &itLH
BULF R N FFT (2D)% 5241,
1. 2% Intel FPGA SDK for OpenCL T1fH .

2. /i Design Examples it 7£ High-Performance Computing Platform
Examples T i FFT (2D), X#££%%] OpenCL 2D Fast Fourier Transform
Design Example T

3. % Downloads F, fiili <version> x64 Linux package (.tar.gz), ¥ tar x4
exm_opencl_fft2d_x64_linux.tar.gz FEEIHENHZEF.

4. LR a4 kM4 - tar .gz S0
$ tar zxvf exm_opencl_fft2d_x64_linux.tar.gz

a4l —1 %0 exm_opencl _FFt2d_x64 linux Ay H S, HhaELIT Scik:

YERFRAT o PREEFTARR . SUREIR S SRR A S IR AR RS /R A RIECH A A TR RIbR . K HSEAG IR AR HEGRAIE 5%
B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R

AR R BB A SO R AR T R ™ SR IS T 7 AR AR STAEAN S5, BRARA SIS /R T _E R0 R R il ;%(31_2015
FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o Regis.tere d

* LA R A4 BN AT BE A FL At BT A O 57
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C] BT

Ej exm_opencl_fft2d_x64_linux

common

Src

AOCLUtils
opencl.cpp

options.cpp

AOCLUtils

ﬂ aocl_utils.h
ﬂ opencl.h
ﬂ options.h
ﬂ scoped.ptrs.h

{j host
inc

fft_config.h

Src

main.cpp

| Makefile
L {"] READMEhtml

It OpenCL i SEFI AL w1~ E o«

intel.

o EFEH EPSTHENAAS(host code)( i nstal | ation_directory/fft2d/

host)

o £ FPGA EHITHIN#Z RIS (kernel code)( i nstal |l ation_directory/ffFt2d/

device)

OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX

FPGA TR a5
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I n t I 8. i5f7—7 OpenCL &if-3Lh)
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B GRIEIX B> # ] C/C++ compiler K4 EHAAS, {4 Intel OpenCL
compiler RK4FNZAG

8.2. %N (Compiling the Kernel)
LA SR P (kernel)
1. (A FmEHEAF R BRI b

$ source <DEV Install Path>/init_env.sh
$ source <RTE Install Path>/init_env.sh

2. BALF@AREEEET OpenCL compiler R A
$ which aoc

3. HIALUFA A RAmIFNEZ, IXATREFRE 4 2] 7 D/ NI A RESE i
$ cd ff2d

$ aoc -v -board pac_alO device/ff2d.cl -o bin/ff2d.aocx

MR

4mi¥ OpenCL 1% (Compiling OpenCL Kernels) (%8 15 T1)
BT WA Linux 222 Intel FPGA SDK for 17.1.1 3405 .

8.3. #i¥FE L (Compiling the Host)

1. BGmEENL, FE A LT ar S ik 243 T GCC (C/C++) compiler:
JEE: B GCC compiler 4.8.5 B & A

$ which gcc

2. WREERTAH GCC, ABAHMALLN &K EHACRS . - SfE . /bin B NN
host HIFT 173
$ make

XEAE . /bin B3R T OEA4 0 host IR T304

FPGA HLg A [T s
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8.4. BTH /T (Running the Executable)

HEsfTENL(host) /T, WHEA BN OpenCL kernel I host.

1. R BB TENRRT, FRA LT a4 kis17 bin B3 N &H host BRI HUAT SO
$ ./bin/host

RSN T
Using AOCX:fft2d.aocx

Reprogramming device [0] with handle 1
Launching FFT transform (ordered data layout)
Kernel initialization is complete.
Processing time= 3.0598ms
Throughput= 0.3427 Gpoints/sec (34.2690 Gflops)
Signal to noise ratio on output sample: 137.231003 - PASSED

Launching inverse FFT transform (ordered data layout)
Kernel initialization is complete.
Processing time= 3.0628ms
Throughput= 0.3424 Gpoints/sec (34.2364 Gflpos)
Signal to noise ration on output sample: 136.860797 — PASSED

Launching FFT transform (alternative data layout)
Kernel initialization is complete.
Processing time= 2.2904ms
Throughput= 0.4578 Gpoints/sec (45.7821 Gflops)
Signal to noise ration on output sample: 137.435876 — PASSED

Launching inverse FFT transform (alternative data layout)
Kernel initialization is complete.
Processing time= 2.3253ms
Throughput= 0.4509 Gpoints/sec (45.0934 Gflops)
Signal to noise ration on output sample: 136.689050 — PASSED

D ek OpenCL* on Intel® Programmable Acceleration Card with Intel® Arria® 10 GX
FPGA tE A TH 455
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9. OpenCL on the Intel PAC with Intel Arria 10 GX FPGA
Al?ﬁﬁ)ﬁ?‘aﬂﬁ‘iﬁ%

Intel Acceleration Stack Ji ) 1157 (PDF)
Version
1.1 OpenCL on the Intel PAC with Intel Arria 10 GX FPGA Quick Start User Guide
1.0 OpenCL on the Intel PAC with Intel Arria 10 GX FPGA Quick Start User Guide

SERE /R REFATIUN. SRR, SRR BORAIAIERS A ALV A TSI T4 AR 1K IR BT
11 A8 EAIE PG B4 AR A LR (AL AT S, 7 (e, A0 L<o
AR A A ST I ERTEL 7 b8 17 9 ERTIRAERTLS , IR BLIEAS /B OO, A o0 o0
WP P TR A5 .2 LA F 3T a5 2, S LR AR 28 LR e
* S £ BT R AL HL AT P00 g
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C] RRERH

intel.

10. OpenCL on Intel Programmable Acceleration Card
with Intel Arria 10 GX FPGA A A A 5R I SEIE T

SRR

Intel
Acceleration
Stack Version

BITHE

2018.12.04

1.2 (% Intel
Quartus® Prime
Pro Edition
17.1.1 %8%5)

WEAE init_env.sh AT EEELGSAIMH <RTE I nstall Path>
<DEV Instal | Path> {ERNLEMERKAN L.

2018.11.02

1.1 (% Intel
Quartus Prime
Pro Edition
17.1.1 37#%)

1£ Setting up the Host Machine T1ih T Configuring the OpenCL Driver

2018.08.06

1.1 (% Intel
Quartus Prime
Pro Edition
17.1.1 5FF)

SRR T PREPTARUR . BRR/R . SRR RBRAT EL At SR /R AR RS A SRR A WL A Wl R o A SRS R bR DRI A

B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R
AR R BB A SO R AR T R ™ SR IS T 7 AR AR STAEAN S5, BRARA SIS /R T _E R0 R R il
FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o

*ELA A PR AT RE A2

HAOFTAERIZ™

Iso
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A. ZHAESG—FE57 5 (NUMA)F DMA TA/EZFE LM, PCIe 5

OpenCL &/ DMA BEHE M ENEHE] FPGA #31F. BRI T, H—1 DMA LIE4FE(DMA
worker thread), It DMA LAEEREHATES, EEMTEHEE — A FIFEE. DMA LIE4&E
FTHE ML DMA g RErh 4k s TAF, MBI 12 s B A vt fE .

AT, runtime @ numactl ¥ DMA L/EZFA44E 5 OpenCL ZFEHIFIAT NUMA
T B IXBER T SR SR FTY AR AR AR SR REF 4

RUS BRI E B R IR RE, BERE RS b, HP T REA SEASH TR RIE R PCle i
5 NUMA SCHE, MITTSEERE B4t sh OS L H HJE.

BN ATE A B I REE T35, OpenCL MMD 4245 7 WA ERsi st

« DISABLE_NUMA_AFFINITY_ENV: %tk CPU RIKH)IZE. iXfi Operating System
(OS)REMSAEALAT N LI DMA Zefio adid i A LAT fir & R M RE I PR AL ik -

$ export DISABLE_NUMA_AFFINITY_ENV=yes

« DISABLE_DMA_WORK_THREAD_ENV: ZE2Z% 1l DMA TAFLRE . Ok KR Lo H i £
U P RIEIEAL #5:4F (blocking operation). i 4i A LR fir &R A REHERIT AL it -

$ export DISABLE_DMA_WORK_THREAD_ENV=yes

SRR PREABARUR e SRR SR IR B AT LA S IR AR R SR AR A RIS A R T AR o A ISR AR IR AR 5
B, BERERBIEH: FPGA M-S S A PEREAT & 2 BT IURG, (L OR B B SO 7 S R 5 FBUR , R B AT I A o SERF /R IS0
ARSI R ST ASCT AR R (T (5 6 ™ b a5 10 A B BT AERILSS, BRAEfG SIER /R T LRI 38 o, o0 e
FHRE AR © AT HOE B AT AR T BT W™ i B 57 2 1, LSEARBUROHT RS A & 1 R o ;

A 42 AR 8 P R E A A5 25957« Registered
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