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e Introduction
v" Why spatial custom computing with FPGAs?

e Architecture for spatial custom computing
e Feasibility study for extension of an existing machine
e Preliminary results

e SUMmMary =

Stratix10 FPGA board (PAC)
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Introduction

Need to change architectures for post-Moore era
v Re-consider "computing”
v ' We'll hit a barrier re|ying on Potential Approaches vs. Disruption in Computing Stack

. . . _ - -
inappropriate architectures. Algorithm Most promising I
. Language and necessar Non
What |S fundamental e y vonNu;urt:jagl'!n
API computin,
but possible change? P A
v Dark silicon ISA S
(pOwer/ Tr. nOt decrease) Microarchitecture
v" Limited integration FU e
at increasing cost / Tr. logic changes
device 'Mnore- More" I
Should we really change Lovel 2 3 4
h _t t - LEGEND: No Disruption ——————mmm Total Disruption
Many-Ccor rFcni Fe:« . .
any-core architecture IEEE Rebooting Computing
r [REF] http://materials.dagstuhl.de/files/17/17061/17061.ErikP.DeBenedictis1.Slides.pdf
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Weakness of Many von-Neumann

Inefficient utilization of Tr. Inst. Inefficient

mechamsms

v Mechanisms to boost IPC o Reg. file o

v But, no more transistors & @ memory element B

. O

no more power budget on a chip € C o

e

Latency-sensitive characteristic o g
v-von Neumann with ? mem-update

+ memory-update cycle . cycle control cycle

+ controlcycle el T
o Core $] Core $] Core $] Core $]
Inefficient data-movement Core |5 [Core[3)[Core[$) [Core [8)

among cores [ On-chip interconnect |
v Read and write in Memory sub-system ] 10, NW I/F
memory hierarchy y
(scratch pad / cache)

External memory Network
P Many-core von-Neumann archi.
@ |||
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How Should We Change?

Inefficient utilization of Tr.
v

More efficient use of
transistor & switching
v \_ for computation

Latency-sensitive characteristic

v | Latency-tolerant J

architecture w/o cycles
.

Inefficient data-movement

among cores | Data-movement |
v w/0 memory access

N
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Answer: Spatial Custom Computing

More efficient use of

Customization N
v’ Reconfigurable computing Ll Ll e
for computation

(with FPGAS) \ 8

Spatial compt. w/ Data-flow

v Flow instead of cycles Latency-tolerant
X Y z B 9 architecture w/o cycles

A C

Data-movement
‘—\ w/0 memory access
Flow \ 8

out, controller
We consider data-movement first.
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FPGA (Field-Programmable Gate Array)
As a Platform for Custom Computing

General I/O (LVDS, Memory I/Fs)

- B - Logic block
- — - .
Int/FP - cs = | :
DSP blocks =E > LUT FF b
—8 —& =
& Fractional PLL & e
=i W EE 3 sB | Wires and switch block

On-chip | i
mem blocks s _
=] = High-speed I/0

|| . [ I

— I (PCI-Express, 100G Ethernet
|| | = || . .

8 — [ Interlaken, serial transceiver)

| |8 | __|= ||

~ General I/O (LVDS, Memory I/Fs) || —— Memory I/F (DDR4, HBM, etc.)

FPGA

| Big array of floating-point DSPs, memories, and
!\\ high-speed I/0s, rather than big array of logics
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e Architecture for spatial custom computing
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Architecture for Spatial Custom Computing
Spatlal custom computing (SCC)

) \

FPGAs / CPUs ) :
storage |

Task CPUs E
(kernel) E

Global
network

: . 2
/
memory ,
CPU’s network
System-wide spatial custom computing Architecture example
(stream data through custom data-paths) (CPUs + FPGASs)

r
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o
e Feasibility study for extension of an existing machine
o
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Proof of Concept

Feasibility study with
experimental prototype system

v How can we extend
existing gen-purpose machines
with FPGAs?

v How should we program custom
data-paths on FPGAs?

v" Eco system?

o
e RCCS 12




Experimental Prototype System

Software bridg

or FPGA

Pgle Gen3 x16

\ 7,
' Toocne | FPGAgateway . FPGA #1
= Host server #1 B serfer #1 ‘ FPGA #2
< |1ocBaseT| (Manycore) |1 > ‘
= 100Gbrs | FPGA-gagew FRGA#3 |
= B serveri2 FPGA#4 4
LIIJ ': 11 | A
< Host server #2 b= .
2 [10eBaseT 3 [onces | Froasagey SRS ’4 |
2 o IB server FPGA #6 ‘ Dedicated
= - | { infer-FPGA
o
Host server #3 (=) < |
10GBASE-T Gbis | @ [Joocbis | FPGA-gateptay FPGA #7 ‘ etwork
5 u k- B server FPGA#S ol
c 8 ,
g ° ¥
As an existing machine g
Console, LCD KBD SW /\
Tooco. | FPGA-gateway ‘ FPGA #15 '
Management 1B segfier #8 ay FPGA#16 ¢
10GBASE-T Server k
External network “ e — - =
ocBaseD - FPGA Cluster
Bridge w/ IB i
r
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PAC : Programmable Acceleration Card

Rush Creek (preliminary eval.)

v Arrial0 FPGA (20nm)
» 1150K LEs, 53 Mb BRAMs
» 1518 FP DSPs (1.5 TF in SP)

v" 8GB DDR4 x 2ch
v PClIe Gen3 x8
v 1x QSFP+ (40Gb/s)

Intel® Programmable MAC ID PROM
Acceleration Card with |
Intel® Arria® 10 GX FPGA

FLASH

JTAG

Intel’ CPLD e
QSFPf 4x 10Gb P DDR4 w/ECC
Netwaorking Interface Ax |
c Elements DDR4 w/ECC
A
e

8x PCle”
v

Arrial0: 10AX115N2F40E2LG

[Darby Creek (prototype system)

v Stratix10 FPGA (14nm)
» 2753K LEs, 229 Mb BRAMs
» 5760 FP DSPs (10 TF in SP)

v 8GB DDR4 x 4ch

v PCle Gen3 x16

v 2x QSFP28 (100Gb/s)

v ARM Cortex-A53 1.5 GHz

\_

N

Intel® FPGA Programmable
Acceleration Card D5005

UsB

BMC
Intel MAX® 10
FPGA

--
| T

UsB
Hub

QSFP28 4x 25Gb ”
Networking Interface

Q)SFP28 4x 25Gb
Networking Interface

o
1 16x PCle*

Stratix10: 1SX280HN2F43E2VG

Rom
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FPGA Shell and User Logic on FPGA

FIM (FPGA Interface Manager) : HW shell made by Intel

AFU (Acceleration Function Unit) : Reconfigurable logic region

AFU Shell : Our own HW shell
DMAs & Interconnect
and custom computing cores

| DDR4A EMIF—I DDR4B EMIF M';‘I’::j:y  FIM

DDR4 EMIF AFU Shell EEEEEEE TR EEErr EEErrt e S \
OCa e O errace I
HSSI PHY |4
M2S DMA AFU Siot S |
et = |
o 1
@ ¥ Available to AFU = HSSIPLL |
= - ALMs 391,213 (92%) = .
S Switch 1 Custom M20K 2549  (94%) ? HSSI |
< . DSPs 1518  (100%) - Reset |1
2 Computing :
£ v P Interface, Clo Powe N HSSI !
> . Core || T TEEETET Reconf |1

g| [Switch2 | FIU HSSIPHY | |i:
£ ¥ | Fabric — FME | ecul T Hssl |
g : Cic G P(I) t? A Controller ||
1 e Gen atrorm I: :
S2M DMA E x8 EP R Management | | HSSI
PCle host PGA Board (F

m
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Intel OPAE (Open Programmable Accel. Engine)

Light-weight software interface for PAC

v PCIe driver, APIs,
User space libraries (e.g. DMA)
» Resource management
» PCIe memory access
» Partial reconfiguration

DMA API OPAE C API
OPAE C library (libopae-c)

User-space (ring 3) Enumeration Access

/dev/intel-fpga-fme.* /dev/intel-fpga-port.*
Intel FPGA drivers

. - ing 0 Linux ] M-‘I‘-
ernel-space (ring 0) —— platform driver

FPGA PCle driver

Intel FPGA (PAC) [1SCBMAS

om
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Experimental Prototype System

System network (10GBASE-T Ethernet)

Software brid

or FPG

Host server #1

10GBASE-T

(Many core)

10GBASE-T

Host server #2

10GBASE-T

10GBASE-T

Host server #3

Xn

Console, LCD KBD SW
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PCle Gen3 x16

100Gbl/s
1B

FPGA:gateway

QSFP28

FPGA #1 Cables

FPGA #2

FPGA-gajeway
server@?

FPGA #3
FPGA #4

FPGA-gatdway
server

FPGA #5

FPGA #6 Dedicated

inter-FPGA

100Gbls
B

=

£

2 | 100Gbis

5¢ B

<

[+

a

@ ["100Gbis

= B

1]

=

£ o

€l .

FPGA-gat

ay
server

FPGA #7 network

FPGA #8

100Gb/s

FPGA #15

Management B FPGA #16
10GBASE-T Server
External network FPGA Cluster for
(10GBase-T) ) Spatial Custom
Bridge w/ IB Computing
17 May 21, 2019

Remote-OPAE (developed by us)

Software bridge to connect hosts and FPGAs by IB (EDR)
v Apps on hosts can use remote FPGAs transparently.

Rom
RIKEN R'ccs

DMA API

R-OPAE C API

R-OPAE Library

Verbs, RDMA

Host server

R-OPAE Daemon

DMA Library |

OPAE C API

OPAE C library (ibopae-c)

Jdev/intel-fpga-fme.*

FME
platform driver
FPGA PCle driver

Access  Management

[dev/intel-fpga-port.*
Intel FPGA drivers

PORT/AFU
platform driver

Intel FPGA (PAC) |SGDMAs

FPGA-gateway server (x86)

18
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What Kind of NW should be Deployed?

Software bridge for FPGAs

PCle Gen3 x16

1oocos | FPGA-gateway
Host server #1 IB server #1

1o6Base-T| (Many core) | 100Gb/s :

IB
100Go/s | FPGA-gateway ’
1B server #2 FI GA #4 ‘

£
c
(]
N
]
l_
3 Host #2 E =
< ost server = /
2 [1ocBASET 100Gbis | 2 [S55Ges | FPGA-gateway FPGAHS o8
S B < B server #3 :
sl <
~ m | I . |
= Host server #3 [a)
S |106BASET 100Gbis | w [Ffoocpss | FPGA-gateway
£ B 2 1B server #4
< 2
E .E ] °
8 | 10GBASE-T xn =
" c L[] [ )
A - ° °
Console, LCD KBD SW
Tooco. | FPGA-gateway FPGA #15
Management B server #8 FPGA #.6
10GBASE-T Server
[ B eap Detwork FPGA Cluster for
ase Spatial Custom
Computing
om
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1D Ring for Stream Computing

Master Slaves

2 x 40 Gbps = 10 GB/s
Pipelining with multiple FPGAs

e Achieved with Arrial0 FPGAs
v Computing pipelines on FPGAs

e Lossless compressor

v Compress FP data-stream,
Bandwidth enhanced to x2 ~ 3

&
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Other Choices for Inter-FPGA Network

J ] J ] J ]
(Arbitrary topology virtualized) il [EE EE
—| FPGA FPGA FPGA |
Ethernet switch
N N N
RTR IE
b MAC nAc -| FPGA FPGA |
FPGA FPGA FPGA
\ \
MAC MAC MAC RTR RTR RTR
FPGA FPGA FPGA |—> FPGA FPGA [¢ Arria1o<—|
A A A
| I | I | I

Direct network : 2D torus

Pros) Smaller overhead,
lower and fixed latency
Cons) Inflexibility, more resources,
difficulty to catch up

Indirect network : Ethernet

Pros) Flexibility, cutting-edge tech.

Cons) Overhead of ethernet frames,
higher and variable latency,
difficulty in flow-control

RCm
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Virtual Topology on Ethernet Network

100Gbps Ethernet Spvitch

a A a

\ 4 v \ 4

RCm
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100 Gps Ethernet MAC 100 Gps Ethernet MAC 100 Gps Ethernet MAC
t v t v t v
Frame Frame Frame Frame Frame Frame
lencoder decoder encoder| decoder, lencoder decoder
Mux | | Demux | | Mux | | Demux | Mux | | Demux |
|I 3 4 1 |I [ 4 1 |1 oo ’I [ 4 | |1
wl |w‘_| | I |"{—I |w "l | {—I |"
Flow Flow Flow Flow Flow Flow Flow Flow Flow
ctri1] fctri2] *°*° |ctri4|| |lctri1]| fctri2] *°*° |ctria ctrl 1] |Ctrl 2 *°® Jctria
i (R I 1 il
User logic 1 User logic 2 User logic N ]
J \§ J
FPGA node 1 FPGA node 2 FPGA node N

e We can make virtual links on the top of Physical network.
v We can form arbitrary "logical" topology.
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v

o
o
e Preliminary results
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Case Study:
Stream Computing for
Fluid Dynamics Simulation
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Preliminary Evaluation of
Computing Core with Stratix10 FPGA

Fluid dynamics simulation X 4 o
v LBM (lattice Boltzmann method)

Array architecture of SPEs

v' Stream Processing Elements
v" Generated by SPGen compiler

Spatially parallelizing

Pipelining
— T
sPE1 || 8| & 8
a||ls all ,
, S
1 ul rans2ux’
— _d, — Propagation |« Trrszox
ol o o
SPE2 || 2|| & S N
—— e—— Boundary [ m
sPE3||E|[&| .. |2 e N
o Q Qo S / Fa § i \'\ ~ LBM
~ £ ok L [ Vo \ \
t \\\ |or0]o‘1}1]o¥2|ofa|o¥4|05|o‘f.ﬁ|o?ﬂo¥8[omr|s:p[a:pj SPE
v S MAIN_OUT : Mo (854) )
Rom
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e Need to change architecture for post-Moore era
v Solution : Spatial custom computing ?

e Feasibility study for extension of existing machines
v Experimental system with Stratix10 FPGAs
v Remote-OPAE
v" Dedicated inter-FPGA networks
v" Preliminary evaluation for LBM computation w/ Stratix10

e Future work
v Application/kernel implementation and evaluation
v Tools/compilers to program FPGAs
v System software (data-flow task scheduler)

v Overlay architectures for FPGA,
future processor architectures
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