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General innetwork processing; time is ripe!
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The Development of HigiPerformance Networking Interfaces

Scalable Coherent Interface Myrinet GM+MX  Virtual Interface Architecture OFED libfabric Smart NIC
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Data Processing in modern RDMA networks

Mellanox ConnectX5:1 packet/5ns
Tomorrow (400G)1 packet/1.2ns
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The future of HighPerformance Networking Interfaces SPIN

Streaming Processing
In the Network

Scalable Coherent Interface Myrinet GM+MX  Virtual Interface Architecture OFED libfabric
Ethernet+TCHP Fast Messages QuadricQsNet Cray Gemini IB Verbs Portals 4
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coherent memory access OS bypass Zero copy triggered operations

Where do we stand in Network Acceleration?

Generalization _OpenMI? Generalization 7
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E g Revolutionizes v RISC

DirectXi11 eBPF Data Acceleration
Acceleration OpencL
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SPINNIC¢ Architecture for fast Network Processing

Matching Entry (ME):

- Host Mem. Address
Outbound - Matching Bits
Engine - sPINHandlers (optional Command Queue
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Non-processing data path
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SPINNIC- Abstract Machine Model for Packet Processing

o -1
‘handlers . .
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memory
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RDMA vssPINIn action: Simple Ping Pong

Initiator
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RDMA vssPINIin action: Streaming Ping Pong

Initiator

NN
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SPIN¢ Programming Interface

Header handler

__handler int pp_header_handler (const ptl_header_t h, void *state){
pingpong_info_t *i =state;
i ->source = h.source_id ;

i return PROCESS_DATA,; // execute payload handler to put from device
Incoming message

L }
Tail Q
-
D
Payload c Payload handler
'sz - __handler int pp_payload_handler (const ptl_payload_t p, void *state){
Header w pingpong_info_t *j = state;
- PtIHandlerPutFromDevice (p.base , p.ength 1,0, i - >source , 10, 0, NULL, 0);

return  SUCCESS;

Packe

Completion handler

__handler int pp_completion_handler (int dropped_bytes
bool flow_control_triggered , void “*state) {
return  SUCCESS;

connect (peer, [/ * ¢p Meader h&ndler ,& pp_payload handler ,& pp_completion_handler );
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Talk roadmap

Data Layout Transformation Hardware Implementation

further \.;‘ @é@ X

u Se CaS es Network Group Distributed Data

Communication Management
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Application domain

Memory layout
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Structured Exchange Reshaping Unstructured Exchange

N -«»' N
- iE

http://fourier.eng.hmc.edu/e161/lectures/fourier/node10.html

https://specfem3d.readthedocs.io/en/latest/

L. Carrington et al. Higlhequency simulations of global seismic wave T.Hoefleret al. Parallel zergopy algorithms for _ _ . .
propagation using SPECFEM3D_GLOBE on 62K processors. SC 2008.  fast Fourier transform and conjugate gradient W. Usher et aliblS a lightweight library for flexible in
a using MPI datatype€uroMPR010. transit visualization. ISAV 2018.
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Programming Support for NoiContiguous Transfers

ARMCI CAF Chapel Portals 4
SHMEM UPC X10 MPI

/O Vectors  Strided transfers ~ CompilerAssisted Aggregation Derived Datatypes
Support for multiple strides (e.g., 3D faces)

KT
struct ——
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State of the Art in MPI Datatypes Processing

Input buffer Destination memory

\

Gropp W., et al., March. Improving the performance of MPI derived datatypdsL 5/ Qd P
TorstenHoefler Salvatore Diirolamq KonstantiriTaranoy Ryan E. Grant, and RBrightwell 2017.sPINHighLIS NF 2 NY' I yOS a0 NBF YAy 3 t N2 OSaaAay3a Ly
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200
Line rate 4 MiB message; stride = 2 x block_size

| Runuserdefined packetprocessing
2 . kernels on theNIC
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A simple vectorize scatter datatype

200

Line rate

Vectorized Cop

__‘—_;‘7_*_7/

R
b Host Unpack

Throughput (Gbit/s)
o
o

16K

16 32 64 128 256 512 1K 2K 4K 8K
Block Size (B)

- |

u

e
=
o

n_vec_f
uint32 t mum
uint32_t str

uints8 t *pkt hd

\ VeCtOr / ::Ztajnmoi
\ Indexed P Ha; ‘ . . NO_EVENT) ;
StI’UCt o T

Can we define a general handler to process arbitrary datatypes
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Porting the MPI Types Library [1] to sPIN

Host Memory

P

/ Index \
l vector vector
Vectod #blocks: 3, blocklen: 2 / \ /

stride: 3, basetypd_1} Segment

NIC Memory

IndeX #blocks: 2, blocklen: 1
offsets: {0x}, basetype* }

Dataloops

[1] Ross, Robert, et al. "Processing MPI datatypes outside MPI." European Parallel Virtual Machine/Message Passing InterfaceUser s 6 Gr oup Meeting. Springer}/
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MPI Types Library on sPIN: Re¥dite Checkpoints

IndeX #blocks: 2, blocklen: 1,

it Host Memory
e
NI C Memo ry offsets: {0x}, basetype* }

V-HPU 0 * V-HPU 5 index
Vector #blocks: 3, blocklen: 2, / \
Index stride: 3, basetypd™]} index I
Vector. Vector. [l / vector \ / vector \

V-HPU 4

V-HPU 1 V-HPU 2 V-HPU 3

Index Index Index [N Index [N X
Vector. |l Vector. I Vector. Vector. |l

200

R 2
L

Line rate

Packet Scheduler

Specialized

HPULoca

RW Checkpoints

pY)
o
0
=0
D
(@]
o
o
S.
>
=
wn

Throughput (Gbit/s)
(=]
(=]

Host Unpack

HPU O HPU 1 HPU 2 HPU 3
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Checkpoint Interval Selection

/Buffering
Network
HPU 0O o o o o
HPU 1 o o B« [ ®
HPU 2 ] = [ = o o

3
Limit the impact of the Do not saturate Nl@nemory with Do not saturate the packet
scheduling overhead checkpoints buffer
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Cray Slingshot Simulator

¢? arm

cem>d

7 32 Cortex A15 @800 MHz,

= singlecycle access memory

v
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Real Application DDTs

( SWALITE-X h WRF-X NAS-MG SPEC-OC
vector struct{subarray) vector index_block
Q. . RW-CP
> 101 101 101
© . Specialized
Q 5 51 51 _
()] . Portals 4 (iovec)
Q [} i 0 i D _‘ —
N 43.8 43.3 437 1713 1713 1717 85 25 15 15 512 512 512 512 | Contiguous regions/packet
13.28 7.04 3.83 0.99 0.59 0.36 0.47 256 171.5€ 684.45 0.02 0.01 0.01 0 Baseline (ns)
581.2  305.2 167.1 169.6  100.2 61.7 4 64 256 1024 126 74 34 1.9 | Message size (KiB)
\ a b c y a b [ a b c d a b c d
SPEC-CM MILC SWALITE-Y NAS-LU WRF-Y
index_block vector(vector) vector vector struct(subarray)
| LAMMPS—F COMB ‘
index_block subarray

1716 171.8 1716 1719
1.01 06 031 015

-
6 0.01 57 191 143 088

05 13 o256 27 o256 §3.3 617 54 424

1735 103.8 53.9 258 (LIl 128 128 128 128 1 16 16 16
8 18.09 32 72 1229 87.73 65.79 122 001 114.08 1.22
1024 2316 4096 9216 1914 1402  103.9 1.6 1.6 3125 3125

21
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CheCprinting\\larhngd
Data Movement

5_
4-
3. “
1-
N | |J|| | | ]
0

10 20 30
Number of DDT reuses to ammortize the checkpoint creation cost

75% of the analyzed DDTs amortized after 4 reuses

s 3z 512 B9z
Transfer Volume (KiB)

Full app speedup (FFT2D) Up to 3.8x less moved data volume

Handler Analysis == S
4004 By SRR S
= 20 ¢
£ 3004 - - 3
- @
= HPU-local RO-CP 2 5001 02
3 12.54 E <
o 1004
E 1B 10.0
€ 0 T T T T -
5 ] o 08 oG 512 1024 RO-CP RW-CP Specialized
5 104 :
% 50-
= 0.2 100 Host Overhead
£ 54 - 02 setup\ 2 AN
3 - i S 50 / \
< init=— <
Z 01 0.0 0.0 0.0 s = 1=
a T T T T T —T T T T 11 T T T LA a T T T T T T T T T T T T T T T T T T T T
i 2 4 8 16 T2 4 8 18 1oz 4 8 16 T2 4 8 16 00 05 1.0 15 20 00 05 10 15 20 00 05 1.0 15 20 00 05 1.0 15 2.0
# Contiguous regions per packet Simulation Time (ms)
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Command

Unit

Outbound Inbound
Engine Engine

Host Interface

Packet
Scheduler

DMA engine
(off-cluster)

Command unit

Monitoring &
control

spcl.inf.ethz.ch
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Cluster O

DMA
CSCHED

Cluster 1

DMA
CSCHED

Cluster 2

DMA
CSCHED

Cluster 3

DMA
CSCHED

L1 TCDM

H H H H
H H H H

L1 TCDM

H H H H
H H H H

L1 TCDM

H H H H
H H H H

L1 TCDM

H H H H
H H H H

ETH:zurich

L2 packet
buffer

L2 program
memory

L2 handler
memory

23
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oluls HHHH L2 packet
CSCHED H H H H buffer

= 5
(off-cluster) CSCHED H H H H L2 program
Cluster2 ' L1 TCDM A
unit DA N
CSCHED H H H H

L2 handler
memory

Circuit Complexity and Power Estimations-““““" """""
Packet
Scheduler

A Processor synthesized in GlobalFoundries 22nm
fully depleted silicon on insulator (FDSOI)
technology

A Timing: 1 GHz

Monitoring & Cluster3 = |1 TCDM

control DMA HHHH

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: CSCHED H H HH

A Accelerator complexity: ~95 MGE
A 18.5 mmz2 area (assuming layout density 85%)
A MellanoxBlueField 16 A72 64bit cores

SSNEIC RETEE MY MNP \We could have up to 64 cores ant
18 MiB of memory for that area.

A Power consumption (100% toggle rateg:w
(not including I/O and PHY power).

= Handler complexity Utilization

% 500 theoretical » 30+ P

Q 400 7

= 300+ \1024 B| T 20

[o% NS +*

c 200 % 10

o =

E 0 T L) L) L] T L] L L] L] L) 0 L] T L] L L] L] L)

= 8 16 32 64 128 256 512 102420484096 8 16 32 64 128 256 512 1024 20484096
# instructions/handler # instructions/handler
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Why choosing PULP fePIN?

Architectures:
zyng ARM CortexA53, 64bit, 2-way superscalar, 1.2 GHz _ - - > -
ault: Intel Skylake Gold 6154, @i, out-of-order execution, 3 GHz ault  14nm 485mm’ [4] 18 433 MiB Dy 35956 mm

_ L zynq 16nm 327mm?>[3] 4 1.125MiB 0.876 mm’ 1.752 mm?
PsPINRISCY:RISE/ based, 3it, in-order, 1 GHz PsPIN 22nm  185mm? 32 12MiB 0578 mm®  0.578 mm?

Arch. Tech. Die area PEs Memory Area/PE  Area/PE (scaled)

Use cases:
Data reduction
Single message aggregation
Packet filtering/rewriting
KV store cache
Strideddatatypes
Histogram
Actual throughput onPsPIN

500 1 512 B 1024 B
400

L 300+ 64 B

0

Q@ 200

100
0-

aggregate_global filtering histogram kvstore reduce strided_ddt
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lllustrating broadcast acceleration witsPIN

Network Group
Communication

8 1 Message size: 8 Bytes

Latency (us)

4 16 64 256 1024
Number of Processes

Liu, J., et al., High performance RDNEBSsed MPI implementation ovénfiniBand International Journal of Parallel Programmi2@04 6
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Network Group
Communication

8 1 Message size: 8 Bytes

lllustrating broadcast acceleration witsPIN

6 _
)
2
> N |
o Offloaded collectives
(b} 47 (e.g., Connect®, Portals 4
[
©
_
2 _|

4 16 64 256 1024
Number of Processes

Underwood, K.D., et al., Enabling flexible collective communication offload with triggered operations.L Q M m
Liu, J., et al., High performance RDNEBSsed MPI implementation ovénfiniBand International Journal of Parallel Programmi2@04

27
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Network Group
Communication

lllustrating broadcast acceleration witsPIN

e

Message size: 8 Bytes

N
Offloaded collective
(e.g., Connect®, Portals 4

N
SPIN

Handlers cost:
24 instructions + Log P Pu

S

ts

16 64 256
Number of Processes

1024

Underwood, K.D., et al., Enabling flexible collective communication offload with triggered operations.L Q M m
Liu, J., et al., High performance RDNEBSsed MPI implementation ovénfiniBand International Journal of Parallel Programmi2@04

28
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Further results and useases
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Further results and useases

- o = ETHziirich

Use Case 4: MPI| Rendezvous Protocol
i)

program p msgs ovhd
MILC 64 5.7M 55%
POP 64 772M 3.1%
coMD 72 53M 6.1%
coMD 360 28.1M 6.5%
Cloverleaf72 2.7M 5.2%
Cloverleaf360 15.3M 5.6%
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Further results and useases

ASPCL ETHziirich
Use Case 4: MPI Rendezvous Protocol Use Case 5: Distributed KV Store

a,

. loxés |

K1.tail: OxOGRsL_ I

program p  msgs ovhd ¥ovhd red
MILC 64 57M 55% 1.9% 65%

POP 64 T772M 3.1% 2.4% 22%
coMD 72 53M 6.1% 2.4% 60% g

coMD 360 28.1M 6.5% 2.8% 58% i

Cloverleaf72 2.7M 5.2% 2.4% 53%

Cloverleaf360 15.3M 5.6% 3.2% 42% 41% lower latency

Kalig A., et al., Using RDMA efficiently for keatue services. In
ACM SIGCOMM Computer Communication Review, 2014
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Further results and useases

Use Case 4: MPI Rendezvous Protocol
program p  msgs ovhd ¥ovhd red

MILC 64 57M 55% 1.9% 65%
POP 64 772M 3.1% 2.4% 22%
coMD 72 53M 6.1% 2.4% 60%
coMD 360 28.1M 6.5% 2.8% 58%
Cloverleaf72 2.7M 5.2% 2.4% 53%
Cloverleaf360 15.3M 5.6% 3.2% 42%

- o =

ETHzirich

Use Case 5: Distributed KV Store

£ D

41% lower latency

Kalig A., et al., Using RDMA efficiently for keatue services. In

ACM SIGCOMM Computer Communication Review, 2014

ETH:zurich

] o = ETHzirich

Use Case 6: Conditional Read

Discarded data: 809

32B  4KIB 512KiB  64MiB
Data Size

Barthels C., et al., Designing Databases for Future-High
Performance NetworkdEEE Data Eng. Bulletin, 2017
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ETH:zurich

Further results and use

Use Case 4: MPI Rendezvous Protocol
i)

program p  msgs ovhd ¥ovhd red

MILC 64 57M 55% 1.9% 65%
POP 64 772M 3.1% 2.4% 22%
coMD 72 53M 6.1% 2.4% 60%
coMD 360 28.1M 6.5% 2.8% 58%
Cloverleaf72 2.7M 5.2% 2.4% 53%
Cloverleaf360 15.3M 5.6% 3.2% 42%

aSesS

- o =

Use Case 5: Distributed KV Store

Kalig A., et al., Using RDMA efficiently for keatue services. In
ACM SIGCOMM Computer Communication Review, 2014

ETHzirich

y

41% lower latency

Use Case 6: Conditional Read

Discarded data: 809

4KiB 512KiB  64MiB
Data Size

32B

Barthels C., et al., Designing Databases for Future-High
Performance NetworkdEEE Data Eng. Bulletin, 2017

Use Case 7: Distributed Transactions

™

log pkts

datapkts

& D

5 NJ 3 2 & 8t@lANo compromises: distributed transactiong
gAUK O2yaraiasSyoes | @FAfl oAt
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Further results and useases

Use Case 4: MPI Rendezvous Protocol
i)

program p  msgs ovhd ¥ovhd red

MILC 64 57M 55% 1.9% 65%
POP 64 772M 3.1% 2.4% 22%
coMD 72 53M 6.1% 2.4% 60%
coMD 360 28.1M 6.5% 2.8% 58%
Cloverleaf72 2.7M 5.2% 2.4% 53%
Cloverleaf360 15.3M 5.6% 3.2% 42%

- o = ETHziirich

Use Case 5: Distributed KV Store

Kalig A., et al., Using RDMA efficiently for keatue services. In
ACM SIGCOMM Computer Communication Review, 2014

y

41% lower latency

Use Case 6: Conditional Read

Discarded data: 809

4KiB 512KiB  64MiB
Data Size

32B

Barthels C., et al., Designing Databases for Future-High
Performance NetworkdEEE Data Eng. Bulletin, 2017

Use Case 7: Distributed Transactions

g™
£ D

5 NJ 3 2 & 8t@lANo compromises: distributed transactiong

gAGK O2yaraidsSyoes I OFAfl oAt

Use Case 8: FT Broadcast

redundantbcastpkts

o 5

bcastpkts

BosilcaG., et al., Failure Detection and Propagation in
It/

aeaidsSvyao {/ Qmc )
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Further results and useases

The Next 70GPINuse-cases
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Next step- pushingsPINinto network switches?

A Needs to be carefully vetted!
A Can we achieve our goals with P4?

A What else needs to be fixed before we go into the network?

A We chose to investigate network noise first
A Not enough time here but let me give you a brief overview.

SN2100
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Mitigating Network Noise on Dragonfly Networks

Network noise analysis and mitigatiol through Application-Aware Routing

Daniele De Sensi Salvatore Di Girolamo Torsten Hoefler
desensi@di.unipi.it salvatore.digirolamo@inf.ethz.ch htor@inf.ethz.ch
University of Pisa ETH Zurich ETH Zurich

Analysis of the impact ofdaptive iy
routing on network noise Zurich, Swtaedcd

ETHzirich 5 vomsinna
BIASED ROUTING

ey = =) = B

I
8
e
b1

Design andmplementation of
atransparentsolution

=14 =

DESIGN

Before sending a message:
o Monitor stalls (s) and latency (L)
o EstimateT _ andT _

Add a fixed penalty to the non-minimal paths (bias)
28

Improvementsup to
55%o0n real applications

ETHzirich & vowsoiurs W e e ASEICE
APPS PIZ DAINT (256 NODES)

. Adaptive ] Bias Against
(Default) Non-Minimal

L ands_tooold

L,ands_ tooold

M Application-Aware

cPK WRF-W WRF-T LAMMPS, Quantum Nekbone VPFFT
22.15% 29.10% 19.27% 46.40% 29.57% 21.98% 54.16%
Amber MILC HPCG BFS sSSP FFT FFT (64)
13.03% 54.61% 19.60% 25.48% 32.90% 4.78% -3.7%
66

DanieleDe SenS$ i | f oY daAtGAIAFGAYI bSUGF2NI b2A A 2N SWNEHHAIZAWVWTESES DLPI9O2KNY /38 HKNRPdEzaI K ! LILIE AOIF GAzZ2YV
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ETH:zurich

Slingshot theExascaldénterconnect

Descriptionof the main features

of the interconnect

ETH:zurich

All HPC traffic layered over RoOCEv2
Efficient software stack
High-Radix Switches
Low-Diameter Topology
Congestion Control
Adaptive Routing

Quality of Service

Daniele De Sen$ (

@
2§ 3

F f &S LIIKY 'LV f @ A A &

An In-Depth Analysis of the Slingshot Interconnect

Kim H. McMahon
Hewlett Packard Enterprise
kim.mcmahon@hpe.com

Salvatore Di Girolamo
Department of Computer Science
ETH Zurich
salvatore.digirolamo@inf.ethz.ch

Daniele De Sensi
Department of Computer Science
ETH Zurich
ddesensi@ethz.ch

Torsten Hoefler
Department of Computer Science
ETH Zurich
torsten.hoefler @inf.ethz.ch

Duncan Roweth
Hewlett Packard Enterprise
duncan.roweth@hpe.com

In-depth benchmarking
procedurethat can beported

to other interconnect Detailedresultson performance,

congestion control, andjuality of
service, ormicrobenchmarks
HPC, and D@pplications

CONGESTION TESTS - BURSTINESS

1.000 1.025 1.CI'SU 1.075 1.100 1.Ji25 1.150 1.175 1.200

st Size (# messages)
10 1.10 1.09 1.08
.07 1.09 1.08 1.07

58 A A A A

1 102 10* 10° 1 10% 10* 10° 1 102 10* 10°
)

Victim: 128 bytes MPI_Alltoall Aggressor. incast
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