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HTCC

* High Throughput Computing Collaboration
* Members from Intel® and CERN LHCb/IT

* Test Intel technology for the usage in trigger and
data acquisition (TDAQ) systems

* Projects

aneoon

- Intel® KNL computing accelerator
- Intel® Omni-Path Architecture 100 Gbit/s network
- Intel® Xeon®+FPGA computing accelerator

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018



General HEP Readout Chain

Optical links

Readout electronic

for detectors Back-end
electronics

(Custom) (Custom)

Mainly AsICs Many FPGAs

In low rad. areas

FPGAs and CCPCs

Pre-processing,
Zero supression,
LO trigger

Distribution of
ECS/TFC

Fast networks

Computing farms
(Commercial)

FPGA usage under
investigation for the
Event Filter Farms (HLT)!

- Technologies émergentes pour systemes DAQ, Marseille
- Christian Farber, 16.11.2018



@ Field Programmable Gate Array (@te)

* Adaptive Logic Modules (ALM) : 10k — 2M

Logic Block design
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Programmable |/ | PLL
interconnect

* RAM: 100 Kb — 230 Mb

- Technologies émergentes pour systemes DAQ, Marseille
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Example: Control Electronics

e | HCb Outer Tracker
control box

* Distribution of ECS/TFC
- CIk, I’C | i) ad

QA EXPA9324 94vV-0 T1
SER NR:

NISEEF

- Test signals
* Using ACTEL ProASIC

Technologies émergentes pour systemes DAQ, Marseille
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Example: Readout Electronics
Future LHCDb SciFi =

readout electronics

Using Microsemi
IGLOO2 120kLE

PACIFIC EFPGA

LHCbh cavern ECountIng house

GBT

Optical links  ;

to TELL40

to TELL40

to TELL4OQ

Drive data from
PACIFIC to GBT ADC value

A Noise removed by
. . the sum threshold
ClUSterlzathn and A cluster A cluster A cluster
] < < B<—1*>  high
Zero_suppreSSK)n ......... I R . threshold
seeding
Hervé Chanal ISP SRR SO * A I I ;grg?hhbﬂﬂng
.The readout electronics of the |_ S A N S |—|_ e e Lhreshold
SciFi Tracker for LHCb detector 1 - »
Upgrade” SiPM channels
TWEPP 2015

;._)-_) to TELL4D
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Example: Back- end Electronics

* LHCb TELL1

e 4x Stratix GX for
pre-processing,
Zero suppression,
error checking

* 1x Stratix GX for Custom electronics
event building,
data flow monitoring and preparing data
packets (4x 1GBit/s Ethernet)

- Technologies émergentes pour systemes DAQ, Marseille
- Christian Farber, 16.11.2018
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* Custom developed
electronics

e PCle Gen3 16 lanes
* 48 optical bi-dir links
to detector

* Standard for LHCb — ™
great interest In {:{ ST T o
other experiments g = g |

|

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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Example: Trigger Electronics

e LHCb LO Muon
trigger, searches for
the 2 highest trans.
momentum muons

* Receiving 130GB/s

* Every 25ns
* Max. latency 1.2us!

* Using 248 Stratix GX

* Running 18432 tracking
algorithms parallel

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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@ Motivation @D

* FPGAs developed dramatically in the last years
increasing number of ALMs, RAM blocks, DSPs,
faster high speed transceivers, ...

- Hardened floating-point ~_ s ios
ALM = | IS
DS PS Distributed == == ARM Cortex-A9
Memory == == MPCore HPS
Variable-Frecision
- ARM CorteX A9, A53 PCle Gen? x4 EE EE ==—___DSF' Blocks
Hard IF {GX, GT), | = | i8] [ |
—_ Hyper_reglsters Pil;ﬁ:!:é};ﬁj EE EE EE :110L<|née£ngTMemary
. . == == ==—————"‘"’"— H:;EKSJ'IIEFII'Ial I'illemnr'_,r Blocks
clocking logic Fractional PLLs = mx  EE
Wlth Up tO 800 MHZ EE EE EE =—— Hard IP per Transceiver (PCS)
— Interconnect with Serial Transconers — EE EE EE
1=l I |
® ® Ll e - Integrated Multiport
I ntel Xeon CPUS General-Purpose /0s [LVDS, Memory Interfaces) rﬁirﬁ;nr‘yj g?_n;;?ffrs
° Interesting not onIy for Arria V architecture

Source: www.altera.com

standard FPGA application

- Transfer CPU applications to FPGAs now easier

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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Detector Example: LHCb

Calorime
RICH
Muo
Side View T,
\ K S M;/M o
Interaction point Magnet  Tracker "RICE2 11 M2 o
/
Vettex J
I. T
47
Vertex Detector o y L
] 7 N
/4
Trackers

* Single-arm spectrometer designed to search * 40 MHz proton proton collisions
new physics through measuring CP violation ¢ Trigger with 1 MHz, upgrade to 40 MHz
and rare decays of heavy flavour mesons. * Bandwidth after upgrade up to 40 Thit/s

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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Future Challenges

Higher luminosity from LHC

* Upgraded sub-detector Front-Ends [ Detector ]
 Removal of hardware trigger L}
 Software trigger has to handle [ Hafd““-trigger]

- Larger event size (50 KB to 100 KB)
- Larger event rate (1 MHz to 40 MHz)

Data Network - Throughput
s = ==

40.00 +

3000 {

2000 ¢
10.00 4

0.00 +

/

ALICE ATLAS CMS LHCb LHCb-now

2049—2025—=20625—2019

- Teomrologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 12
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Upgrade Readout Schematic

* Raw data input ~ 40 Tbit/s wh  Detect
* EFF needs fast processing of [ﬁ — J

Control

Front-End
Electronics ~12000

trigger algorithms, different

technologies are explored.
PCIe Cards/ El |._. | |u|@ ‘
* Test FPGA compute accelerators =<~ [== <: m] [ ) [y ] ~500
for usage in:
- Event building
* Decompressing and o H ] H |
re-formatting packed binary ™ [ 7
data from detector
Har ) ) ) [ W) [
- Event fllt_ermg =i =EDIC =i =D
* Tracking e = ! = ! L) ! \p‘ 20004000
- : PPt T ST ST SITRT ST (e -
 Particle identification e e e
) [ ] ) \Iﬂ%
» Compare with: GPUs, [ o
Intel® Xeon Phi™ and other o e
compute accelerators Which technologies?

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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FPGAs as Compute Accelerators |

* Microsoft Catapult and Bing,
- Improve performance,reduce power consumption

Global Mobile Data Traffic Growth / Top-Line

Global Mobile Data Traffic will Increase 10-Fold from 2014—2019

 57% CAGR 2014-2019

24.3EB

Monthly Costs

N Servers
30

8 MNetworking
Equipment
= Power Distribution

20
Exabytes 16.1EB & Cooling
= Power

[ . |
_|=_::_’- o
‘ 15 y
per Month 10 7EB o
18 ﬁ 8 EB
42EB
° 25EB
0 = - Fyr server & 10y nfiastiecture ame Hatio

m Other Infrastructure
2014 2015 2016 20'17 2018 2019

ik Source: ISCA/CARL 2015
PK Gupta,
Director of Cloud

Platform Technology,
DCG/CPG Intel

- Technologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 14
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FPGAs as Compute Accelerators Il

 Reduce the number of
von Neumann abstraction
layers

- Bit level operations 2 i1
* Power only logic cells and registers needed

e Current test devices in LHCDb

— Nallatech PCle with OpenCL
- Intel® Xeon®+FPGA

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018
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Cost
(Area, Power)

Ease of
Programming/
Development

Accelerator Architecture

General
Purpose Cores

@onﬁgura@
Fixed fun@

Flexibility

Performance Efficiency: Performance/Watt, Performance/$
Programming Complexity : Effort, Cost

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018
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Accelerator Attach

@le att@
Cost

(Latency,

Granularity)

On-Packag)

Coram 2

Distance from core

Best attach technology might be application or even algorithm dependent

- Technologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 17



FPGA compute accelerators

* Typical PCle 3.0 card with high
performance FPGA

- NIC or GPU size

* On board memory L S

e Some cards have also network
e.g. QSFP 10/40 GbE,...

- More flexible than GPUs
* Programming in OpenCL

Reflex CES

Nallatech

— OpenCL compiler — HDL

W | A
2 L H
; A /O

5 €
L A

* Power consumption below GPU, s
price higher than GPU ks ANalatze

 Use cases: Machine Learning,
Gene Sequencing,
Real-time Network Analytics

- Technologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 18
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Intel® Xeon®-FPGA

* Two socket system:

First: Intel® Xeon®
E5-2680 v2

Second: Altera Stratix V GX A7 FPGA
e 234720 ALMs, 940'000 Registers, 256 DSPs
* Host Interface: high-bandwidth and low latency

 Memory: Cache-coherent access to main memory
* Programming model: Verilog and OpenCL

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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Mandelbrot on Intel® Xeon®+FPGA

* Mandelbrot with floating point precision

Implemented 22 fpMandel
pipelines running at 200 MHz,
each handles 16 pixels in
parallel (total: 352 pixels)

FPGA is x12 faster than Sben g
Intel® Xeon® running et y

20 threads in parallel e, 2
Used 72/256 DSPs 2.
Reuse of data on FPGA high

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018



Intel® Xeon®+FPGA with

Arria®10 FPGA g

* Multi-chip package including:
- Intel® Xeon® E5-2600 v4

- Intel® Arria® 10 GX 1150 FPGA ,
« 427'200 ALMs, 1'708'800 Registers, 1'518 DSPs
* Hardened floating point add/mult blocks (HFB)

* Host Interface: Bandwidth target 5x higher than
Stratix® V version

 Memory: Cache-coherent access to main memory
* Programming model: Verilog, soon also OpenCL

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018
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@ Sorting with Intel® Xeon®+FPGA e

» Sorting of INT arrays with 32 elements
- Implemented pipeline with 32 array stages

- FPGA sort is up to x117 faster than single Xeon® thread
- Bandwidth throuah the FPGA is the bottleneck

Time ratio for sorting with Xeon only to Xeon with FPGA

140

120

100 }III

== Ratio Xeon /
Xeon + Stratix
\Y

Ratio Xeon /
Xeon + Arria 10

Time ratio for sorting
(o)) (o]
o o

N
o

N
o

o

1,0E+0 1,0E+1 1,0E+2 1,0E+3 1,0E+4 1,0E+5
Number of arrays [#]

Technologies émergentes pour systéemes DAQ, Marseille
Christian Farber, 16.11.2018
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@Test case: LHCDb Calorimeter Ravfo"/@
Data Decoding

* Two types of calorimeters in LHCb: ECAL/HCAL
« 32 ADC channels for each FEB of 238 FEBs

« Raw data format:

- ADC data is sent using 4 bits or 12 bits

- A 32 bit word stores information about which channel has
short/long decoding

LHCb Calorimeter raw data bank

Control word (9b) (Figure 18) [ Crate (5b) | Card (4b) | Length ADC (7h) Length trigger (7b)
Trigger bit pattern (32h)
Zero padding Trigger (8h) Trigger (8b) Trigger (8h)
ADC bit pattern (32b)
ADC low ADC long (12h) ADC long (12b) ADC (4h)
Zero padding atthe end ADC long (12b) ADC high (8h)

Technologies émergentes pour systéemes DAQ, Marseille

%@ Christian Farber, 16.11.2018



Results Calorimeter Raw Data (@P
Decoding: BDW+Arria10

Alexandru Amihalachioaei
Xeon + Arria 10 1512516|
Xeon + Stratix V [N 548245
Intel Xeon E5-2560v4 @2.4 GHz - 28 threads [ 146198 x10 >
- Events/s
Intel Xeon E5-2560v2 @2.8 GHz - 20 threads 103016 x14 -
Intel Xeon E5-2560v2 @3.6 GHz - single thread | 8854 x170 =
Intel Xeon E5-2560v4 @3.3 GHz - single thread | 8255 x183 >

* The higher bandwidth of the newest Intel® Xeon®+FPGA results in an
impressive acceleration of a factor 180

FPGA Resource Type FPGA Resources used [%] For Interface used [%]
ALMs 57 18
DSPs 0 0
Registers 19 5

- Technologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 24
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Test Case: RICH PID Algorithm

- Calculate Cherenkov angle © for each track t and
detection point D, not a typical FPGA algorithm

* RICH PID is not processed for every event,
processing time is too long!

Calculations:

- solve quartic equation
- cube root
- complex square root

R - rotation matrix
t .
K E frmhﬂnn point) - Scalar/CrOSS prOdUCtS

Reference: LHCb Note LHCb-98-040

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018
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Implementation of Cherenkov =

Angle Reconstruction Stratix® V
* /48 clock cycle long pipeline written in Verilog

intel)

— Additional blocks developed: cube root, complex
square root, rot. matrix, cross/scalar product,...

- Lengthy task in Verilog with all test benches
(implementation took 2.5 months)

* Pipeline running with 200 MHz — 5 ns per photon

* FPGA resources:

FPGA Resource Type FPGA Resources used [%)] For Interface used [%]
ALMs 88 30
DSPs 67 0
Registers 48 5

Christian Farber, 16.11.2018

Technologies émergentes pour systéemes DAQ, Marseille
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Implementation of Cherenkov
Angle reconstruction Arria 10

» 259 clock cycle long pipeline written in Verilog

- Stratix V blocks ported using HFB: complex
square root, rot. matrix, cross/scalar product,...

* Pipeline running with 200MHz — 5ns per photon
- With Arria 10 GT FPGA 400 MHz possible
* FPGA resources:

FPGA Resource Type FPGA Resources used [%)] For Interface used [%]
ALMs 32 18
DSPs (HFBS) 15 0
Registers 12 5

Technologies émergentes pour systéemes DAQ, Marseille
Christian Farber, 16.11.2018




@ Intel® Xeon®+FPGA Results  @?

Compare runtime for Cherenkov angle reconstruction
with Intel® Xeon® CPU and Intel® Xeon®+FPGA

5,0E+7

Al

5,0E+6 ; T
g 4
o T Xeon only

F 3

£ 50E+5 > —e— IvyBridge + Stratix V
5 = BDW + Arria 10
X +

5,0E+4 I I I I I

5,0E+3

1,0E40 1,0E+1 1,0E+2 1,0E+3 1,0E+4 1,0E+5

Number of photons [#]

 Acceleration of up to factor 35 with Intel® Xeon®+FPGA

* Theoretical limit of photon pipeline: a factor 64 with respect
to single Intel® Xeon® thread, for Arria® 10 a factor ~ 300

* Bottleneck: Data transfer bandwidth to FPGA, caching can
iImprove this, tests ongoing

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018
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@ Open Computing Language (OpenCL) i

* Developed by Apple, later Khronos Group, based on
C99, first release 2009

* Standard to run code on heterogeneous Iy /‘
platforms

- CPUs, GPUs, FPGAs, ...
* Program: Host control, kernel run on GPU,FPGA,...

- Compiled at run-time

* Memory hierarchy: global (main memory), read-only
(for kernel), local (shared by group of PE), per-element
private memory

* For FPGA case, BSP needed and synthesis is done in
advance (OpenCL kernel — HDL — bitstream)

ch - Technologies émergentes pour systéemes DAQ, Marseille
%\g - Christian Farber, 16.11.2018



J.IJ.I ________________________________________ . - L
de compare Verilo tel
2 70z floats | inte
5 module ADD #(parameter width=32)

8 H (
7 input wire clk,
8 input wire reset_n, :
a 58
10 7/ Input ;S IR R Ry
11 input wire [widthSort-":] data_in_a, 60 // Pipeline newData
12 input wire [widthSort-7:2] data_in_b, b R R R .
13 input wire newData, 62 % always @(posedge clk) begin
14 63 if (~reset_n) begin
15 /4 Output 64 —] for{i=t;i<length_newData_p;i++) begin
16 output reg [widthSort-7:2] data_out_c, 65 r_data_newbata_pli] <= 1'bé;
17 output reg data_wvalid 66 - end
18 - ); 67 & end
19 68
20 integer 1,7; 69 E else begin
21 e E r_data_newblata_p[2] <= r_fetch_valid;
22 FELLETEEdEriiisisy 71 = for(i=";i<length_newData_p;i++) begin
o T” Haraneiens 72 r_data_newData_pli] <="r_data_newbata pli-'1;
24 IR NN 73 - end
25 74 - end
26 localparam length_newData_p 23 75 L end
27 76
28 NN NNy 77 // aa - s@
23 TU Fegs and Wires 78 float_mult_Al@_r fpMult_aa (
3@ AP 79 .reset_n ( reset_n ),
31 ) a8 .clk ( clk ),
32 // Fetch input data i 81 .dataa ( r_data_a_p[2] ),
33 reg [width-:0] r_fetch_a; 8z .datab { r_data_a_pL[&] ),
34 reg [width-7:2] r_fetch_b; 83 .result ( w_fpMult_aa )
35 reg r_fetch_valid; 84 ):
e 85 :
_‘“ f7aR _.EZB' . o - 86 IR R RN RNy
38 wire [widthSort-':2] w_fpMult_aa; 87 T /7 Output res - S2
f:; 88 FAETERSAEETEr i i r i r ey
. 89 E always @({posedge clk) begin
D sy 96 if (~reset_n) begin
42 f_f_uuuuuuuuuu 91 data oot c <= 33 'ho-
43 /f Fetch input data 97 d“t“_v“lic{ < . I*:'*:
44 SAEEEEEEdiididdiiiidiiy :_q - end Sreore
45 E always @(posedge clk) begin .
.J.? e _?zfzﬂ begin <= 32'hi; ED = else .tﬁmegin i -
48 r_fetch_b <= 32'bo; 99 data_out_c <= w_fpMult_aa; _
49 r_fetch_valid < b 97 data_wvalid <= r_data_newData_pl[Z];
50 - end 98 7 end
51 99 - end
52 O else begin ee
53 r_fetch_a <= data_in_a; 101 endmodule
54 r_fetch_b <= data_in_b;
58 r_fetch_valid <= newbata;
56 B end
57 - end
- Technologies émergentes pour systemes DAQ, Marseille

/ Christian Farber, 16.11.2018 30




@ Code compare OpenCL

1 ff BCL kernel for adding two input vectors

‘ _

3 arruct  attribute (({packed)) _ attribute ({aligned(8))) data_in ‘E /

o K

5 float a: IS ‘

b float br »

7 b:

8

Q i ri i i

4 atruct  attribute ((packed)) _ attribute ({aligmed(4))) data out

N OpenCL
float cr
}:

3
14 __attribute  {{num simd work items(l)))
1¢ __attribute  {{num compute units{l)))
__kernel woid rich{__glckal gonat atrucht data in* restrict dataln,
J __glokal gtruct data out* reatrict datalut)
18 :
S/ get index of the work item
private jpt index = get glchal id{0}:

dataOut[index] .c = dataln[index].a + dataln[index].b;

1

. No interface to write, using Board Support Package
(BSP)

* Using high-level language
 Farless code — easier to develop and to maintain

Technologies émergentes pour systéemes DAQ, Marseille
Christian Farber, 16.11.2018



@ Compare Verilog - OpenCL @t

* Development time M a
2.5 months aste

— 2 weeks

Faster
3400 lines Verilog —250 lines C Eisier
* Performance
Cuberoot : x35 —x30
Comparable
RICH : x35 —x26 performance
* FPGA resource usage Stratix® V
RICH Kernel Verilog RTL OpenCL
FPGA Resource Type FPGA Resources used [%] | FPGA Resources used [%0]
ALMs 88 63 Similar
DSPs 67 82 resource
Registers 48 24 usage
- Technologies émergentes pour systéemes DAQ, Marseille
% @ Christian Farber, 16.11.2018 32
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Nallatech 385 Board

* FPGA: Intel® Stratix® V GX A7

- 234'720 ALMs, 940'000 Registers

- 256 DSPs -
* Programming model: OpenCL \
» Host Interface: 8-lane PCle Gen3 {i

- Upto 7.5 GB/s g
* Memory: 8 GB DDR3 SDRAM
* Network Enabled with (2) SFP+ 10 GbE ports

 Power usage: <25 W (GPU up to 300 W)

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018




) Compare PCle — QPI (inteD

Interconnect
* Nallatech 385 PCle vs. Intel® Xeon®+FPGA QP!

Both Intel® Stratix® V A7 FPGA with 256 DSPs SN

* Programming model: OpenCL
* Reconstruct 1'000'000 photons

RICH Kernel Compare Nallatech 385 and Intel Xeon/FPGA acceleration

OpenCL

RICH Cherenkov photon reconstruction (OpenCL)
30

25

20

i X3

5 15

s

% 10

2 5

1
0 ]
Xeon® PCle QPI
StratixVV StratixVV

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018 34



Nallatech 385 Board Results |l

* Energy efficiency comparison of three devices

Estimated No. of Photons / microsecond /
Watt (ustw?)

Xeon E5-2650 (2x CPU) M 1.63
Nvidia GeForce GTX 690... I 3.22

Nallatech 385 card (1x... IO

0 5 10 15

Estimate: S.Sridharan

* |t is estimated that the FPGA accelerator is
a factor 4.3 more energy efficient than the GPU

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018
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Nallatech 385A Board

* FPGA: Intel® Arria® 10 GX 1150 FPGA

( CERN techlab )

- 427'200 ALMs, 1'708'800 Registers
- 1'518 DSPs

* Programming model: OpenCL

 Host Interface: 8-lane PCle Gen3
- Upto 7.9 GB/s
* Memory: 8 GB DDR3 SDRAM

 Network Enabled with (2) QSFP 10/40 GbE ports
 Power usage: full FPGA firmware ~ 40 W

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018




RICH w/o Nallatech 385A &
faster OpenMP

RICH CPU core scaling

using OpenMP 2x Xeon E5-2630 v4

900000

800000 m
700000
600000
£
: - 28 B Rich CPU
£ 400000 m X
é 300000 m
200000 l...
100002 .....Illlllllllllllllllllllllll
0 5 10 15 20 25 30 35 40 45
Cores [#]
16777216 random photons Time CPU 40 threads:  28642ms
Multi loop factor: 160 Time Arria10 FPGA: 35000ms

Used CPU threads: 40

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018



@ RICH w/o Nallatech 385A

280
260
240
220
200
180

Power [W]

140

Create random photons
Also with 40 threads

120

100

| [ —

0

OpenMP

Power measurement RICH
OpenMP Xeon 40 threads w/o ArrialQ

e

2X Xeon E5-2630 v4
“ 40 threads

29s

2950J |

20 40 60 80 100
Time [s]

16777216 random photons
Multi loop factor: 160
Used CPU threads: 40

Wi

Technologies émergentes pour systéemes DAQ, Marseille

Christian Farber, 16.11.2018
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RICH with Nallatech 385A

Power measurement RICH
Compare OpenMP CPU 40threads and Arrial0

280
260 B
240 2% Xeon E5-2630 v4 Nallatech 385A
40threads | Arrial0
_ 220
E 200 29s 35s
g 180 :
iy
E 2960J e
160 S T—H
0 1820J
120
Create random photons
single thread 100
0 20 40 60 80 100

Time [s]

16777216 random photons
Multi loop factor: 160 FPGA uses 1.6x less energy

Used CPU threads: 40

- Technologies émergentes pour systemes DAQ, Marseille
4 Christian Farber, 16.11.2018 39
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Compare energy consumption

* Processing: 2.7x10° photons

- 2x Xeon® E5-2630 v4 using
40 threads OpenMP

no vectorization
=> 29 s x 102 W = 2960 J = -

— 1x Arria® 10 GX 1150 GX 1x1.6
=> 35sx 52 W =1820J

- FPGA uses 40 W idle + ~12 W single thread
pushing data into PCle card

 Check for better firmware to avoid idle state
» Use vectorization and OpenCL

- Technologies émergentes pour systéemes DAQ, Marseille
- Christian Farber, 16.11.2018




@ Reached and possible run time for {0t
RICH photon reconstruction

Reached and possible run time for single RICH photon
reconstruction with different platforms

45

40

35

30

25

20

15

10

5

Average time for processing single photon [ns]

0

2x CPU StratixVV PCle

Nallatech PCle 385 + Stratix V
Intel 2x Xeon E5-2630 v4

Arria10 PCle

StratixVV QPI

I

Arria10 UPI

Work o

Arria10 UPIx

W Performance
achieved OpenMP
ngoing! 40 threads version

Performance achie-
ved OpenCL version

M Performance achie-
ved first Verilog
version

Performance achie-
ved optimized Verilog
v version

~ B Performance possible
O with FPGA

Intel lvyBridge + Stratix V
Nallatech PCle 385A + Arria 10

D \J
1

Intel Skylake + Arria 10 GT
Intel BDW + Arria 10 GX

* The difference between reached and possible time is due to the limitation by the
bandwidth between CPU and FPGA, in both cases the FPGA could process the
photons faster. The same case is with the PCle accelerator, but even worse

* The bandwidth gap could be reduced by caching, for RICH kernel possible

* Between Ivy Bridge and BDW the bandwidth improved by a factor 2

RS Tl

Christian Farber, 16.11.2018
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@ Compare run time variation

e Stddev: CPU : 1.06 %
FPGA: 0.29 %

Run time [ms]

38000

36000

34000

32000

30000

28000

26000

RICH run time variation CPU - FPGA

0000,00 0000000000009 0%00000,00000,000°

Hm CPU
¢ FPGA
|
m n u u
[ | [ | | [
.l..l Em Epg ES EpE gf g ® ll..l.l [ [ ] m®

5 10 15 20 25 30 35 40 45

Measurement [#]

* FPGA runtime is more predictable

* Very important for safety critical control systems

Wi

Technologies émergentes pour systéemes DAQ, Marseille
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@ Future Tests (S

* Implement additional CERN algorithms

— Tracking - Kalman filter, CNNs
— Christoph Hasse works on Velo tracking

« Compare performance with Intel® Xeon®+FPGA
system with Skylake + Arria® 10 FPGA

- Waiting for missing software and firmware

- Power measurements Nallatech:520 ~10 TFlops
o ?&a%w;smﬁ %| %YDDRAf %
Longterm BN 5T B 211

Measurements of |
Stratix10 PCle accelerators - -
and Intel® Xeon® + Stratix10 .y

USB #1 PCle USB #2

- Technologies émergentes pour systemes UAW, Marselig -
s Christian Farber, 16.11.2018 43
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@ Special interest from CERN =

Reference: PK Gupta,
Xeon+FPGA Platform for the Data Center

e Great interest (b

in Arria10 TN et eort (oom2)
SERDES (o) Product Family (o)
access from @&
outside.

« CMS, Alice
contacted us at RT16

* For LHCDb and Alice % e
around 1000 FPGA - R

SFP+

J3

DDR3

[T ahl

1 1
QL )
1 y 1 g

{ls(I’_:I-e_ 3.0x8
PCie* 3.0x8

T
i
]

main boards needed

Costume receiver board

- Technologies émergentes pour systéemes DAQ, Marseille
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intel)
@ Optimizations for CNN Inferenceu’I

* Pruning

100 90

[ Quantization %0 Stratix V D5 @ 225MHz

Stratix 10 280 @ 500MHz
80

70
60
50

65

* Advantage of using
precision as needed on  { )
~PGAs £

20 12

« For FPGAs BNNs very .
interesting

perations/sec

ra

16-bit int 8-bit int ms-fp9 ms-fp8

Source: FPGA Datacenters -
The New Supercomputer,

Andrew Putnam — Microsoft
Catapult ACAT 2017 _Public

- Technologies émergentes pour systéemes DAQ, Marseille
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@ Ongoing ML work on FPGAs (@)

e HLS4ML
- Using High-Level Synthesis to hIS 4 ml

deploy network architectures

on FPGAs
 MNIST optimization for FPGA ARSI RS A
inf $33335355553533535
Inference e td 4949 ¢5dd4 8y
§ . ] . S5 5855 S5 557585 b}
- Weights 32bit — 11bit — 2bits? M A S i
. ¥ 3 %8 3P 7B PITT T F I B
- Block RAM memory architecture PrTeAeINeAnte T g

and adder multiplier optimization

 FPGA compute acceleration
interesting for Monte Carlo S
production (e.g.Geant V, Sofia Vallecorsa) | e

- Technologies émergentes pour systéemes DAQ, Marseille
D - Christian Farber, 16.11.2018



https://indico.cern.ch/event/721567/
https://indico.cern.ch/event/567550/timetable/#20170824.detailed

2 (e

FPGA development

* FPGA potential for general compute
acceleration increased a lot with Arria10 and
the hardened floating point DSP blocks

— Future FPGAs will have sev. 10'000 of these
DSPs (nowadays already ~6k)

* FPGA transceivers will make huge bandwidth
into chip possible, tightly coupled to RAM

* Programming model is changing now to using
mostly HLS and OpenCL even for standard
FPGA designs

- Intel recommends to use HLS for Stratix10
- Technologies émergentes pour systéemes DAQ, Marseille
%Cl\a @ | Christian Férb:r, 1{3.11 2018



@ Challenges to use FPGA @D
accelerators

 Compute heavy blocks have to be identified to
be ported to the FPGA

e For PCle accelerators an off-load model is
used (larger latency)

— Intel® Xeon® + FPGA advantage (streaming)
* Kernel size limited by FPGA resources

- Intel will change programming time
from O(s) to O(us) in the future, which makes
kernel swapping during runtime practical

)
ch - Technologies émergentes pour systéemes DAQ, Marseille
%\g - Christian Farber, 16.11.2018



intel)
Summary =
* Results are very encouraging

to use FPGA acceleration in

the HEP field

. Comparing the energy consumption
for FPGAs (getting a greener CERN Computlng ’?)

* Programming model with OpenCL very attractive and
convenient for HEP field, HLS also available

* Also other experiments want to test the usage of the
Intel® Xeon®+FPGA with Arria10

* High bandwidth interconnect coupled with Arria® 10
FPGA suggests excellent performance per Joule for
HEP algorithms! Don’t forget Stratix®10 ... !

ch - Technologies émergentes pour systéemes DAQ, Marseille
%\g - Christian Farber, 16.11.2018



Thank you
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