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Processor Research Team

e Goal Explore and develop new processor/system architectures
+ suitable for next-generation HPC systems
+ with a novel computing/programming model

e Targets FPGA-based reconfigurable system
+ Data-flow computing, and its new architecture (CGRA)
+ Neuromorphic computing (like brain, e.g. Spiking NN)

+ Near-X computing (near-sensor, near-network, near-memory)

e Members
v PI Kentaro Sano
v Researchers(4) Tomohiro Ueno, Jens Huthmann, Takaaki Miyajima, Atsushi Koshiba
v Trainees 4 students from Universities
v Assistants Tomoko Nakashima, Keiko Inaba We are hiring!
P;Egs! 3 July 14, 2020
Scaling 1.5um fum 0S5m 250nm 130nm 650m 280m  Mnm  _ - = — — =
Background T
10 Microprocessor j [T
10° - trend in 40 years | performance
e Mainstream architecture: many-core 10t b 1o

(perf) = (# cores) x (freq) x (utilization)

e Can many-core scale forever?
v # of cores limited by end of Moore's law
v frequency limited by end of Dennard scaling Vear
v utilization limited by Neumann architecture and inefficient data movement

multi core

15ingle core

Performance scaling will end soon for general-purpose many-core processors.

e New approaches are required.
v Domain-specific, specialized (optimized) ~ Customization J
v Computing in space, instead of computing in time Spatial computing
v More localized, less centralized : with data-flow J

1 1
1970 1980 1980 2000 2010 2020

-l -

Power (W)
===

# of cores

what's next?
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Spatial Custom Computing with FPGAs

Various ¢ Spatially expanding operations into a circuit (as a data-flow graph)

4| _mechanisms * Flow data through data-flow circuits, to execute ops in parallel
Reg. file
(memory element)

X; Vi Z; B FPGA

| Instruction
fetch/decode

[Core[$]| Core[$] | Core l$]|Cure [$]
[core[$]|core[$]|core[$]| Core[3]

( On-chip interconnect ] Flow v' Reconfigurable «
[ Memory sub-system ]|IIO.NWIIF| OUti controller computing N

to customize circuits '
External memory Network

Many-core architecture Data-flow architecture, customizable with FPGAs

¢ Sequentially executing with common )
operators (temporal computing) L Non-FPGA data-flow architecture >> CGRA J
¢ Then, parallelize it (pipelines, cores, ...)

™
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What's FPGA?

e Semiconductor device to
construct arbitrary circuits
v" Circuit reconfigurable device
v" Component for HW development

e Array of hardware "blocks"
v" Logic block
v' Memory block
v DSP block (integer, floating-point)
v I/0O block (mem I/F, PCle, HSSI)
v' Wires, clock trees, etc.

Logic block DSP block Memory block

e Recent FPGA : system-on-chip

' We can prototype own architecture.J
A\
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Industrial Trend of FPGASs

e Use cases in data-center Microsoft catapult
e Use cases in cloud-computing AWS EC2 F1 instance

e Application development Many companies (genome sequence, security, ML...)

&
Rom—

AIEH

Why HPC with FPGAs?

e Recent FPGA (Intel Stratix10 in 14nm) has lower-power, and

v Fast computing with 5760 FP-DSPs 7TF at 450MHz i
v Fast external memories (DDR4, HBM2) equivalent to CPUs, GPUs i
v Fast off-chip communication 100Gbps x N serial links

v Fast on-chip memories ~1000 TB/s :

e Next-generation FPGA
(Intel Agilex in 10nm)

~ [T A

Customized circuits ’
allow us to exploit them.J

™
P‘ RE%S! 8 July 14, 2020




Research Activities

e New architectures and approaches for future computing

e Data-flow architectures

v Reconfigurable computing with FPGAs
» FPGA cluster

R-CCS budget J

KAKENHI
» Hardware algorithm customized for each computing problem ‘
v Coarse-grained reconfigurable array (CGRA) processor NEDO J
e New computing principles
v Machine learning, brain simulation, Other external /
Spiking neural network _internal budgets

VoRres 9 July 14, 2020
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FPGAO S ASDEFEIRNR (2)
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Extension System : FPGA Cluster

Existing machine

(frontend)

Existing Machine

10GBASE-T Ethernet Switch

100m -~ 100G IB x 16
IlOGBASE»SR 1000¢E-T Switch |
Frontend Server l L l
S am FPGA #1 &
E T00G s FPGA Server #1
CAD Server#1 | o S FPGA #2
© —
'§. 5 3m FPGA #3 &
CAD Server#2 | £ ) AR FPGA Server #2
a =] FPGA #4 .
3 3 1 | 1
File Server ° 3m FPGA#5 & -
s FPGA Server #3 3m
- FPGA H#6 m—
3m s QSFP28
CPU Server #0 100G 1B | € . . . cables
- ° . .
3m . . .
CPU Server #1 o0 1E
3m FPGA #15
3m
CPU Server #2 100G 18 100G 18 FPGA #16
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Cd

FPGA Cluster
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PAC : Programmable Acceleration Engine

FPGA #1 —7
FPGA Server #1
FPGA #2
FPGA #3
FPGA Server #2
FPGA #4
FPGA #5
FPGA Server #3
FPGA #6
L] L]
L] L]
L] L]
FPGA #15
FPGA Server #8
FPGA #16

Intel* FPGA Programmable
Acceleration Card DS005

Q5FP2B 4x 25Gb

. -
Networking Interface

QSFP28 4x 25Gb
Networking Interface

Stratix10: 1SX280HN2F43E2VG

FLASH

ax
Elements §

'
16x PCle®

DDPS Memories | Stratix10 FPG

[ooravF A|[vFB][uFc][uFp| M';‘;fg:y '

e F--—--—F--— ¥
g B
8 Custom i
@ .
£ Computing a
g Core )
E <
@
= I |

- 5

| FIU 3 FME | HSSIPHY

i ‘F"""" i Mode Ctri

\ [PCle Gen3 PR Platform

= gement

PCle (Host CPU's memory)

Intel Stratix10 FPGA (14nm)
v 2753K LEs, 229 Mb BRAMs
v 5760 FP DSPs (7TF @ 600MHz)
v 8GB DDR4 x 4ch
v PCIe Gen3 x16
v 2x QSFP28 (100Gb/s)

FIM (FPGA Interface Manager)
v’ Fixed hardware region
AFU (Acceleration Function Unit)
v' Reconfigurable region
AFU Shell : System for comp

v DMAs, Interconnect,
Computing cores, etc.
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AFU Shell ver 1.0 with Hi-Speed Serial IF

4x4 Crossbar

* 4 input streams
* 4 output streams
e Programmable

Credit-based Flow

Controller

e Enable back-pressure
for end-to-end comm

* Own protocol w/ Cflit

Width Converter

¢ Convert width of
stream at any ratio

¢ Configurable

1

Avalon-MM

T

A
Avalon-ST

HLS Computing Core

4x4 Crossbar

I
512-bit
\

—

_—

I y
| CycleCounter |<"/
usr_clk FC #2
250+ MHz | f
| | | | Stream
256-bit T I Computing
—s |widthConv| [widthConv| Core |
377 MHz v | v AFU
| | | | FIM

HLS Computing Core

e Computing module
synthesized by HLS
(high-level synthesis)
compiler

Cycle Counter
e Hardware
performance counter

Stream Computing

Core

e Computing module
synthesized by SPGen
(stream processor
generator) compiler
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System Operation

with FPGA Resource Allocation

Rcom

wen RCCS 16

July 14, 2020




Extension System : FPGA Cluster

R . Existing Machine
Existing machine 10om b 100G 1B x 16

Existing machine —
(et IlOGBASE-SR
Frontend Server |
= FPGA #1 ‘
H X
CAD Server#1 | o S FPGA #2 g
® =
s s 3 FPGA #3 &
= CAD Server#2 | £ U] &
2 = S FPGA #4 Zz
- 3 - e
g File Server T FPGA #5 s
] 3
£ ] FPGA #6 sl
= 3m E asFrzs|| £
= CPU Server #0 0GB | £ . cables || 3
2 3 3 w
o =
o
S CPU Server #1 e .
o
= 3
CPU Server #2
100:3\
Bridge by IB
FPGA Cluster
om
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Remote-OPAE (Remote-FPGA APIs)

e Software bridge for FPGA APIs & driver
v Intel Open Programmable Acceleration Engine (OPAE)

v" Infiniband EDR R-OPAE daemon

(100Gbps) DMA Library
DMAAPI  R-OPAE CAPI OPAE C APl / DMA API
v'Can use any OPAE library
FPGAs in a system R-OPAE library Enumeration ~ Access Management

via IB network

Very Flexible! Intel FPGA drivers
. Verbs, RDMA FME driver PORT/AFU driver
FPGA PCle driver

Intel FPGA (PAC) [SGBMAS

Host server FPGA-gateway server (x86)

o
1@1 R-Eg.f! 18 July 14, 2020




Throughput between Host and ArrialO

2000 - Peak of PCle Gen3 x8

& s |+ Both have the same upper bound. OPAE (PCle)
Host to FPGA @ w0 | + Higher latency requires larger data \
E. w00 for equivalent throughput.

S

Remote-OPAE (IB)

1.E+00  4.E+00  2.E+01  6.E+01  3.E+02 1.E+03  4.E+03  2.E+04 7.E+04  3.E+05 1.E+06  4.E+06  2.E+07  7.E+07  3.E+08 1.E+09

Transfer size [Byte]

7000 | Peak of PCle Gen3 x8

g @ Similar results for both directions OPAE (PCle)
4000 |
FPGA to Host S

Remote-OPAE (IB)

1.E+00 4.E+00 2.E+01  6.E+01  3.E+02 1.E+03  4.E+03  2.E+04 7.E+04 3.E+05 1.E+06 4.E+06  2.E+07  7.E+07  3.E+08  1.E+09

Transfer size [Byte]
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Advantages of Remote-OPAE

Software bridge provides high flexibility.

v Apps on hosts can use remote FPGAs transparently.

GW server #n FPGA #n-2

v Software-based .
resource disaggregation [N ]

= oW server #1 :

! 1

v We can allocate hosts to " =---------- s . |
. . [ NN " .
arbitrarily groups : N W FPGA#21 | |
OrFPGAS. EEEEEE & s |

1

v Vendor/ISA- soe i
independence | e T~~~ FPGA #n-1 K

1

1

1

_________________________ FPGA #n-3
Host servers Gateway servers and FPGAs

o
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Dedicated Inter-FPGA Network

Existing machine

(frontend)

Existing Machine

10GBASE-T Ethernet Switch

10GBASE-T x 10
Vi

100m -~ 100G IB x 16
IlOGBASE»SR 1000BASE-T Switch
Frontend Server - | | | | | | | |
£ £l FPGA Server #1
3 = | 0GB
CAD Server #1 ] ]
© &=  —
8 3
g o £l FPGA Server #2
CAD Server #2 ; g AR
S s | ——
File Server -] 3m
s FPGA Server #3
8 | 100GiB
3m ‘'S
CPU Server #0 el £ . .
e . .
3m . )
CPU Server #1 TGS
3m m FPGA Server #8
CPU Server #2 ) 100G 1B

FPGA #1
FPGA #2 ==

FPGA #3
FPGA #4

100GbE Switch or Ring network

Inter-FPGA

7

Network

B

21
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Two Approaches for Inter-FPGA Network

B

v | |
RTR RTR RTR
’—> FPGA FPGA FPGA é‘
RTR N RTR
FPGA w][=m=|[E FPGA
[

Direct network : 2D torus
Pros) Smaller overhead

(lower/fixed latency), easy to use

Cons) Inflexibility of resource allocation,

more HW resources in SoC,
difficulty to catch up

(Arbitrary topology virtualized)

Ethernet switch

MAC

FPGA FPGA FPGA

MAC

FPGA

MAC

FPGA

MAC

FPGA

Indirect network : Ethernet

Pros) Flexibility of resource allocation,
easy adoption of cutting-edge tech

Cons) Overhead of ethernet frames
(higher and variable latency),
difficulty in flow-control and use,
cost of expensive switches

22
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Ringed FPGAs for Deeper Pipelining

e Deeply-pipelined FPGA cluster (1D ring)
v Linear array of Arrial0 FPGAs
v Lossless compressor for bandwidth extension

v Pipelining works well for almost linear speedup
if data stream is sufficiently large.

100000
----Peak: N=1 with no stall Peak e
Master FPGA Slave FPGA o S IR .
3 ., ——Sustained: N=1 with no stall =
> T Sustained
S Stream Stream g
= . . & 1000
2 computing computing YY) £
e module module g
a) £ 100
a) 4
Compressed
Decomp f§ Comp Decomp j§ Comp data stream 10
(x2~x3) 1 2 4 8 16 32 64 128 256 512 1024 2048
Number of FPGAs (M)
Block diagram of FPGAs in aring Performance estimation with a model
9
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Ethernet-based NW for Flexibility (under development)

e Inter-FPGA connection should also be flexible.
v Virtualized circuit switching network : form any topology with any groups of FPGAs.

Ethernet switch 100@€bps Ethernet Snitl:h
| | 100Gpb Ethernetmac || | 100 Gpb Ethernetmac | | | | 100 Gps Ethernetmac | |
MAC MAC MAC * ‘ * ‘ *
Frame ‘ | Frame | Frame l l Frame I l Frame ‘ ] Frame l
FPGA FPGA FPGA ‘ ncoder decrder enc;der d “ " decoder
[ I mux | ][ pemux ) mux | | [ pemux| | [ I mux | [ pemux| |
ass s ass Flr;w Fl‘ow Flow Fll;w Fl‘ow Fl‘ow Flow Ft:w
FPGA FPGA FPGA ctri 1] [ctri zI *** |ctria crizl *** |ctn 4| ctri1] [ctri2] *** |ctrig
T4 T4 Fd Y i
[ User logic 1 ] [ User logic 2 ] [ User logic N J
100G Ethernet switches FPGA node 1 FPGA node 2 FPGA node N

Pros) Flexibility, cutting-edge technology
Cons) Overhead of ethernet frames, higher and variable latency, difficulty in flow-control and use

@,
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System Software

B |||
P RCCS 25 July 14, 2020

Hardware & Software Stack

Resource manager

High-level application * Search and allocate
* Including both SW & HW \\) o resources of multiple
User Application FPGAs
Low-level application ¢ FPGA network
« Separately-written HW & SW > HW Codes SW Codes management / control
Hardware, software libs/tools [ HW Libs SW tools FPGAs' Resource Managef AFU Shell class
* Pre-implemented functions " Object of AFU shell
HW Compilers AEU Shell Class < ¢ Abstraction of HW
Programming tools Intel HLS,
e SPGen : DSL for stream/ systolic =~ ———> SPGen, DMA Library Remote OPAE (R-OPAE) Remote OPAE .
computing Chisel, ¢ Software bridge using
HDL OPAE Infiniband Verbs
[EMIF l”EMIF 2“EMIF 3][EmF d“ CCIP ] &\
— = User HW  [DMA|crsbar|Fc|wc| FmE [ ccip | EMIF [Hssi [ Pcie| ~ oPAE

rite o | = i
Heaanml ]w m.u\ HLS Computing Core | AFU Shell FIM ow-level driver

[
512 i
CycleCounter |-
I ¥
[DcFFo | [ bcFAFo | |
o

Stream
mmclm| Core | |
37T MH, AFU
suum | SLIII FIM

B |||
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AFU Shell Class

{

(void)

uint32 t allCycles, validCycles, csr;
0 e Xamp e uint64_t bytes = 1024*1024%64;

char *begin ptr = (ch

e HW details are abstracted. i

v Addresses of modules b ol sl B =
v" Interface of service functions ; 0;
v Low-level R/W still possible.

(lafush.open(@))

afush.read crossbar(c

e App code is written simply.

// Blocking DMA trans
v Instantiate AFUSH object B adiisliidwstransrer((ol

> Search resources, then open
v" Use modules / services

afush.set crossbar(CROSSBAR RdmaSl3a S13b2CompWdma, cout);

ar *)malloc( (char)*bytes);
UsHe*, “AFUSHB:"); <- Instantiate object
<- Open device

fush.name << " was not opened., Abort\n";

out);

fers

int64 t)begin_ptr, 0x80000800, bytes, HOST TO

v . afush.reset ccounter(cout); <- Use CyCIe'Counter
Open Ob_]eCt afush.dmaTransfer(6xe0000000, ©x200000008, bytes, FPGA TO FPGA);
afush.read_ccounter(allCycles, validCycles, csr, cout);

afush.dmaTransfer (0x00000000, (uint64 t)begin ptr, bytes, FPGA _TO HOST);

// Read and write a csr of your module
> CrOSSbar cout << "== " << afush.mod[afush::ENTIRE SPACE] << "\n"; // See me
- uint32 t vall = 8x1234ABCD, valz; L e
> Hardware CYC|e counter afush.mod[afush::ENTIRE SPACE] .writeMMIO32 (0x00000340, vall); // c
> DMA (Host-FPGA, FPGA-FPGA) afush.mod[afush: :ENTIRE SPACE].readMMIO32 (0x00000340, val2); // c
> Computing core afush.close(cout); <- Close device

B free(begin ptr);
v Close object
1;

<- Set Crossbar

_FPGA);

" Transfer

DMA

mory map of "
is NG.

rosshar write
rosshar read

Rom—

amzw R-CCS
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Programming FPGAs ina C

e Different options for various needs

v More SW-oriented : HLS Describe HW algorithms in C

v More HW-oriented : Chisel Describe abstracted RTL

|_EMIF 1 ][EMlF 2 HEMIF 3|[EM|F 4] |

cCIP |

luster

Avalon-MM

L
| Raad DMA | IW!’I[E DMA ] HLS C |

-m Crossbar

250+ MHz
DC FIFO DC FIFO

cyl:le(:ounter
i FCH

" [dtincon] [WidthGony ciﬂ =
37T MHz AFU
SLIl #1 SLll #2 M

structure in software language

v Limited, but easier : SPGen Describe statements for stream-computing domain

e OpenCL is also available.
v Ready for single-FPGA use
v But, require extra effort to support inter-FPGA n

etworks

v" We are discussing common I/F with Universities.

P an HLS: High-level synthesis, Chisel: Scala-based language for RTL, SPGen : Stream processor generator

July 14, 2020




Application examples

™
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Simple Vector Add

by Intel HLS Compiler
with a single Stratix10 FPGA (Intel PAC)

™
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Programming for HLS Compiler

e Write C Codes

v but for hardware structure and behavior

v Need to know some level of hardware knowledge
(types/configurations of port, latency, etc.)

e Only for hardware side

v No software automatically generated for host CPU
v Need to write host code manually, using afushell_class

e However, we can do anything!

Let's see example codes (made by Dr. Miyajima)

A% ) July 14, 2020

HLS Synthesized-Hardware Structure

Vector-add component

e Concurrently-working

/ Reader task Writer task \
hardware modules :
Avalon- Avalon- Avalon-
v' Reader task module MM MM MM
. Master Master Master
v Writer task module (Read) (Read) (Write)
v Vector-add task module lagency = 92 dyc latency  JEE cyc
e Control-status registers Y Y
FIFO FIFO FIFO
(CSR) CSR (pipe, (pipe, (pipe,
v Control by hosts W=Zi§2;t’ "‘:Ziiiit’ ”=31§2§t’
A
e 90% of peak BW l il Vector-add task
achievable for (int 1 = @; i < N; ++1i)
v Computing with c[i] = a[i] + b[i];
latency = 7cycle
regular MeMmory accesses \ /

A% July 14, 2020




HLS Code for Vector-add

struct pipe width float

{
float data[l6];

1

// ihc::pipe

{

#pragma unroll

{

#pragma unroll

{
uint32 _t index
inputA.data[j]
inputB.data[j]

pipe b.write(inputB);
1

ihc::pipe<input pipe id<l>, pipe
ihc::pipe<input pipe id<2>, pipe
ihc::pipe<input pipe id<3>, pipe

width float, pipe depth> pipe a;

width float, pipe depth> pipe b;
width float, pipe depth= pipe c;

// Avalon-MMTDDRA'S T —#&EFATET ~ FIFOIC AT dtask
void mm_reader(avmm master port<float, 1> *a,
avmm_master port<float, 2> *b,
uint32 t N, uint32_t stride a, uint32 t stride b)
for (uint32 t 1 = 0; 1 < N; 1 += pipe_width)
pipe width_float inputA, inputB;
for (uint32 t j = 0; j < pipe_width; j++)
(1+13);
(*a) [index * stride a];
(*b) [index * stride b];

}
pipe a.write(inputA); // 16EF—9HRIFTHOTLICED

{
#pragma

{

}

{
#pragma

{

#pragma

}

// FIFOM&F—4%&WIDH LT ~ Avalon-MMTDDRICEEiL T task
void mm_writer(avmm master port<float, 3> *c,
uint32_t N, uint32_t stride c)

unroll

for (uint32 t 1 = 0; 1 < N; 1 += pipe_width)

pipe_width_float outputC = pipe_c.read();
for (uint32 t j = 0; j < pipe_width; j++)

{
uint32 t index = (i + j);
(*c)[index * stride c] = outputC.data[j];
printf("writer: %d, %d\n", j, index * stride c);
}

[/ 2DOFIFOf 6 F—=F&HHE L ~ ELE L THOFIFOICEEE T task
void vector_add part5_stride(uint32 t N)

unroll

for (uint32 t 1 =0; 1 < N; 1 += pipe width)

pipe width _float inputA = pipe a.read();
pipe_width_float inputB =
pipe _width_float outputC = {0};

unroll

for (uint32 t j = 0; j < pipe_width; j++)
outputC.data[j] = inputA.data[j] + inputB.datalj];

pipe_c.write(outputC);

pipe_b.read();

om
1@: RCCS 33
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HLS Code for Vector-add 2 of 2

component hls avalon slave component

vold mm_master component(
hls_avalon_slave register argument
hls_avalon_slave register argument
hls_avalon_slave register argument
hls_avalon_slave register argument
hls_avalon_slave register argument
hls_avalon_slave register argument
hls_avalon_slave register argument

ihc::launch<mm_reader
ihc::launch<mm writer

avmm_master port<fleat, 1> &a,
avmm_master port<float, 2> &b,
avmm_master port<fleat, 3> &c,
uint32 _t N,

uint32_t stride_a,

uint32_t stride b,

uint32_t stride c)

>(&a, &b, N, stride a, stride b);
>(&c, N, stride c);

ihc::launchevector_add part5 stride>(N});

ihc::collect<vector_add part5 stride>(

ihc::collect<mm writer
ihc::collect<mm_reader

'
'

r

)
>()
)

>

int main(int argc, char **argv)

unsigned int TEST SIZE = std::atoi(argv[l]);
const uint32 t stride size = 2;

const uint32 t elem size = TEST SIZE * stride_size;

float Alelem size];
float Blelem size];
float C[elem size];

// mm_master interface class instances

avmm_master port<float, 1> mm A(A, sizeof(float) * elem_size);
avmm_master port<float, 2> mm B(B, sizeof(float) * elem_size);
avmm_master port<float, 3> mm C(C, sizeof(float) * elem_size);

// prepare the input data
for (uint32 t 1 = 0; i < elem_size; i++)

A[1]
Bli]
¥

// Run the component
mm_master component(mm A, mm B, mm C, TEST SIZE,
stride size, stride size, stride size);

= static_cast<float>(i); //rand();
= static cast<float>(i); //rand();

3

return 0;

om
1@: RCCS 34

July 14, 2020




2D Tsunami Simulation

by Data-Flow Compiler (SPGen)

with a single Arrial0 FPGA (20nm), and
with multiple ringed Arrial0 FPGAs
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Tsunami Simulation w/ Arrial0 FPGA
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Stream Processing Element of Tsunami Kernel
(pipeline based on data-flow)

Not optimized

E)ptimized R9 280X
Number of SPEs on Arrial0 FPGA (225MHz) GPU

We expect 3+ TF per single Stratix10 FPGA.
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e Deeply-pipelined FPGA cluster (1D ring)
v Linear array of Arrial0 FPGAs
v Lossless compressor for bandwidth extension

v Pipelining works well for almost linear speedup
if data stream is sufficiently large.

— Lattice Boltzmann Metho‘d 1
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Number of FPGAs (M)
Block diagram of FPGAs in aring Performance estimation with a model
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2D CFD based on
Lattice Boltzmann Method

by Data-Flow Compiler (SPGen)
(preliminary evaluation with a single Stratix10 FPGA)
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Stream Computing with Stratix10 FPGA

Fluid dynamics simulation
v" LBM (lattice Boltzmann method)

Array architecture of SPEs
v Stream Processing Elements

v Generated by Spatially parallelizing //'/Wl‘fl";|TITJ'?T%Ih;-'?':|t%;?‘7°l°"°l,-““1'“° —
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Performance and Power (LBM2D, S10)
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Performance and Fmax Power and Performance per Power
10% more PEs are expected. We target 450MHz for 3 TF+ performance.
We are also trying deeply-pipelined computing with a ring.
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Target Benchmarks © verygood O Good

A Need investigation, but potential

HW HW Efficient Sjugelge]

Problems

Low latency

algorithm operation data-use scaling
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Future Work

e Hardware
v/ On-chip router, RDMA module, to write DDR4 memories of other FPGA via NW
v Ethernet-based network for FPGAs (base system was already developed.)
v" Increase Max frequency (250 ~ 350 MHz is okay, but 400 MHz is challenging.)

e Programming
v" Establish programming ~ exec flow for HLS and Chisel.
v Higher-level abstraction / automation with C/C++ frontend

e Benchmarking
v Implement target problems
v" Scale performance for multiple FPGAs
v" Evaluate performance and power

™
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Opportunities for Collaboration

e Seeds
v' As research testbed,
FPGA-cluster system ready for operation, especially with inter-FPGA network.
v Fundamental software stacks (Driver, API, object class) are ready.

v' Can develop hardware in different abstraction levels.
(e.g, we can try to accelerate your kernels by developing custom HW.)

e Needs
v Need to develop system software (scheduler, manager, compiler frontend, etc.)
v Need to extend/optimize/verify AFU shells.

v Need applications to develop and evaluate with FPGAs.

?
(Kernels like FFT, Big-data, AI, mixed-precision) Need AT & AD"

™
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Summary

e Goal Explore new processor architectures
for next-generation HPC systems
with their computing/programming model

e Targets FPGA-based reconfigurable system
Data-flow computing, and its new architecture (CGRA)
Neuromorphic computing (like brain, e.g. Spiking NN), etc.

e FPGA cluster development for additional values of existing machines
v FPGA cluster verl1.0 is ready to use!

e We call for collaboration in / out of R-CCS.
v" Research teams, RIKEN centers, Universities, industries

And we are hiring!

™
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