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Reconfigurable Hardwaiis a viable option to Modern high performancéPGAand
overcome architectural veileumann High-Level SynthesigHLS}oolsare

bottleneck attractive for HPC
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Distributed Memory Programmin@n Communications typically handled eitheby
Reconfigurable Hardwares needed to scale going through the host machiner by streaming
to multi-node across fixed devicéo-device connections

We proposeStreaming Messages
A a distributed memory programming model for FPGAs that unifies
message passirand hardware programmingvith HLS

A SMI,an HLSommunication interfacepecification for programming
streamingmessages github.com/spcl smi
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Existing communication models: Message Passing

With Message Passingnksuse local buffers to send and receméormation

5 #pragma pipeline

 for  (int

i =0;i<N;i++)

buffer[i] = compute(datali]);

Transport
Layer

my_rank + 2);

Transport
Layer

APP Transport
Layer
FPGA 3
ManuelSaldaf®taldat L ! a |

NarimanEskandaret al. & !

Transport
Layer

FPGA 2

©

Flexible Endpoints are specified dynamically

Bad match for HLSrogramming model:

A relies on bulkransfers

A (potentially dynamically sized) buffers
required to storemessages

t NB 3 NI W¥rforyhahcesRadarfiguraifie2 NILIAASN Eranshctions on Reconfigurable Technology System, 2010 i
{GFO1 FEWIISAREGR 2084y 3 CtD!'a YR /t!&a Ay GKS 5101

a2Rdzt I NJ | SGSNRISYS2dza



o oae o ETHzUirich

Existing communication models: Streaming

Data is streamed acrogser-FPGA connections a pipelined fashion

' // Channel fixed in the architecture
| #pragma pipeline ©

for  (inti=0;i<N;i++)

E stream.Push (compute(datali])); o _
-------------------------------------------------------------------- ! Communication moddits the HLS programming

FPGA 0 FPGA | model
| APP @ ’ H— o)
T N
Inflexible, the user must:
[ | | | A construct the exact path betweesnd-points
A handle all the forwardindpgic
APP [ | —EEE
FPGA 3 FPGA 2

RomDimondetal.a! OOSt SNI GAy 3 f I NBS&OI f IEEBSYMpositinLdhIConputédithn@efca20ldza Ay 3 Ct D! &£ @
KentaroSancet al. & n ® -BPd&EA adcdelerator for scalable stencil computation with constant memory banévEER ransactions on Parallel and Distribu@gstems, 2014
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Our proposal: Streaming Messages

Traditional, buffered messages are replaced with pipetmendly transientchannels

-------------------------------------------------------------------------

i Channel channel(N, my_rank + 2, 0); /[ Dynamic target

» #pragma pipeline @

Efor (int 1=0;i1<N;i++)

E_____P_rl?p_rl?l__Fil_J_S_h__(_c_:?mP_l{t_e_(_q?‘E?‘[lp_)_’ ________________________________ E Combines the best of both worlds:

A Channels are transiently established, as ranks
are specified dynamically

A Data is pushed to the channel during

processing in aipelinedfashion

Transport
Layer

Key facts
A Each channel is identified bypart, used to

implements an hardware streaming interface
A All channels can operate in parallel
A Ranks can be programmedther in aSPMDor

FPGA 3 FPGA 2 MPMDfashion

Transport I
Layer
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Streaming Message Interface
A communication interface for HLS programs that exposes primitives for bothtpenatint and collectiveeommunications

Point-to-Point channelsare unidirectional FIFO queues used to send a message between two endpoints:

void RankO(constint N, /* ..args... */) { void Rankl(constint N, /* ..args... */ ) {
SMI_Channel chs = SMI_Open_send_channel( // Send to SMI_Channel chr = SMI_Open_recv_channel (J/ Receive from
N, SMI_INT, 1, 0, SMI_COMM_WORLD); }// rank 1 N, SMIL_INT, 0, 0, SMI_COMM_WORLD); <I// from rank O
#pragma pipeline  // Pipelined loop
#pragma pipeline  // Pipelined loop for (int i=0;1<N;i++){
for (int i=0;1<N;i++){ int data;
int data= /* create or load interesting data */; |SMI_Pop(&chr, &data); |
I SMI_Push(&chs, &data); I /I ...do something useful with data...

1} 1}
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Streaming Message Interface
A communication interface for HLS programs that exposes primitives for bothtpenatint and collectiveeommunications

Point-to-Point channelsare unidirectional FIFO queues used to send a message between two endpoints:

void RankO(constint N, /* ..args... */) {
SMI_Channel chsl = SMI_Open_send_channel(N, SMI_INT, 1, 0, SMI_COMM_WORLD); /[ Send to rank 1
SMI_Channel chs2 = SMI_Open_send_channel(N, SMI_FLOAT, 2, 1, SMI_COMM_WORLD)j Send to rank 2
#pragma pipeline  // Pipelined loop
for (int i=0;1<N;i++){

int i_data = /*create or load interesting data */;

float f data = /* create or load interesting data */;
SMI_Push(&chs, &_data );
SMI_Push&chs2, & f_data );

1}

& | Data elements are sent in order Communication is programmed ihe same waydata

E’ Callscanbe pipelined in single clock cycle Is normally streamed betweentra-FPGAnodules
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Streaming Message Interface

Collective channelare used to implement collective communications. SMI deflBesst , Reduce, Scatter
and Gather

void _App(int_N,_int__root, _SMI_Commeomm, /2. 2/ ){ A If the caller is theoot, it will pushdata
SMI_BChannel chan = SMI_Open_bcast_channel ( towards other ranks
N, SMI_FLOAT, 0, root, comm);
int my_rank = SMI_Comm_ranfcomm);
#pragma pipeline  // Pipelined loop
for (inti=0;i<N;i++){
int data;

A otherwise it willpopdata elements from
network

if  (my_rank ==root)
data = /* create or load interest

SMI_Bcast(&chan, &data); . . : :
| — z‘:’nét;nznusefj aveith d!ata SMI allows multiple collective communications
of the same type to execute parallel

)
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Buffering and Communication mode

SMI channels are characterized byaaynchronicitydegreeK» : n
the sender can run ahead of the receiver by uiKelements

Point-to-Point Communicationmodes Eagerd A ¥ b Rénd&aibus lotfidRwise)

Collectives we can not rely on flow control alone. ExampBather

SMI_GatherChannel chan = SMI_Open_gather_channel (
N, SMI_FLOAT, 0, root, comny

#pragma pipeline  // Pipelined loop

for (inti=0;i<N;i++){

int data; ecee

if (my_rank != root)

data = /* create or load interesting data */; ]
I SMI_Gather(&chan, &data); // Data is streamed ~ = I
if (my_rank == root) // ...dosomething useful with data...

}

To ensure correctnesshe implementationsneed to synchronize rankgdepending on the used collective
ForGather the root communicates to each rank when it is ready to receive
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Reference Implementation

We implemented a proebf-concept HL$ased implementation (targeting Intel FPGA)

o e

Interface

SMI implementation organized tmwo main components
[ross W oo BEEEEREN - | P ) "

Port numbers declaredh Open_channel primitives
are used to lay down the hardware

v I A4 I A4 I A4 I
PORT O PORT 1 PORT 2 PORT 3

Messages packaged metwork packets forwarded using packet switching on dedicated iHHRGA connections

DST (1B)| SRC (1B)
PRT (1B) |oP (3b)| NE (5b)

Payload (28B)

v

« 32 Bytes
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Reference implementation

From To
Applications Applications

Each FPGA net. connection is managed by a pair of:
Communication Kernels (CK) !

EachCK has dynamically loaded routintable that !
IS used to forward dataccordingly :

—al@Net. Port _ FromNet Pod _ _ _ _ _ |

= e =
If the network topology or number of rank changeaye just

need to rebuild the routingables, not the entire bitstream

Collectives are implemented usiggipport Kernels

APPL

]
BCAST

S P%CAST

£l e
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Development Workflow

I User provided
I SMI provided

#include<smi.h>

SMI_Push(
&chan,
&data

)i

Source code

. TheCode Generatoparses the user devices code and creates the SMI communication logic

The generated and user codes are synthesizedSPMD program, only one instance of thiéstream is generated

1
2
3. ARoutes Generatocreates the routing table@isercan change the routes w/o recompiling the bitstream)
4

The user host program takes routing table and bitstream, and uses generated host header to start all SMI compol
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Evaluation

Testbed:8 Nallatech520N boards (Stratix 1achwith 4x 40Gbit/s QSFRost attached using P€El 8x
The FPGAs are organized in 4 host nodes, interconnected with an IntelRathril00GDbit/s network

—* FPG,{}\ H FPG/Z\ H FPG&\ H FPG/G\ +—
—* FPGA_L\ H FPG,Q\ H FPG@\ H FPGA +—

Evaluationover diﬁerenttopologiessimply by changing the topology file

FPGAO:port0 Z FPGA1:port2 FPGAO:port2 Z FPGA1:portO
FPGAO:portl Z FPGAZ2:portd FPGAl:portl Z FPGA3:port4
FPGAO:port2 Z FPGA1:portO FPGA3:port0 Z FPGAZ2:port2
FPGAO:port4d Z FPGAG:portl FPGAZ2:portl Z FPGA4:port4
A A

2D- Torus.json Bus.json

We wish to thank the Paderborn Center for Parallel Computing) (8CGgranting access, support, maintenance, and upgrades onNeetuamulti-FPGAs system.
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Microbenchmarks

Resource Utilization
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MPI+OpenCL SMI-1 SMI-4 SMI-7

36.61 0.801 2.896 5.103
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Microbenchmarks

Resource Utilization

Reduce
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