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Challenges

- Huge computing demands of Big Science projects
« LHC Run 4/ phase Il
-  DUNE
«  SKA
« Other Big Sciences

- Understanding better where technology and
markets go becomes indispensable

- Wide area of topics to be covered in a regular and
systematic manner
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HEPIX Techwatch Working Group

Evolution previously tracked by individuals
More systematic effort required
A lot of expertise and interest in community

Proposal in spring 2018: Form working group
Main purposes:
Follow trends, better predict costs, optimise investments

Provide input to computing models and software
development
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Techwatch WG — Current Status (1)

- 59 persons subscribed

Scope: Evolution of technology and markets

Excludes benchmarking, cost modelling, software
techniques and products

Target communities: HEP experiments, others
as they collaborate and contribute to WG
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Techwatch WG — Current Status (2)

- Chairs: Helge Meinhard, Bernd Panzer-Steindel

. Six sub-groups (with conveners):

- General market trends, semiconductor markets, unit
sales (Servesh Muralidharan, Peter Wegner)

« Server markets (Chris Hollowell, Michele Michelotto)
« CPUs and accelerators (Andrea Sciaba, Eric Yen)

« Memories (Shigeki Misawa)

- Storage (German Cancio, Martin Gasthuber)

« Network (Edoardo Martelli)
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Techwatch WG — Deliverables

Presentations at meetings / workshops /
conferences

Set of maintained Web pages
Reqgular publications (e.g. in CSBS)

Common follow-up with other WGs and
stakeholders
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Semiconductor Device Market and Trends

Waorldwide Semiconductor Revenues

Faar-c-Yasr Parcam Changa
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Internet and Smart Population Growth and Effects
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- Small changes in smart population trend from 2018

Significant increase in mobile social media usage over the
past year

W «  Otherwise pretty stagnating
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[ ——N86 Server Revenue —— Non-XB6 Server Revenue ]

08-May-2019

Global server market revenue up substantially

« $23.37 billion in Q3 2018 with 3.16 million servers shipped
« Primarily due to hyperscale cloud provider purchases

- May grow to $100 billion/year industry

Revenue outpacing units sold

+ Increased cost of components including CPU, GPUs/FPGAS,
memory and solid state storage

Total server shipments per quarter now almost double what
they were for an entire year ~20 years ago (1997)

« Vast majority of revenue from x86 servers
« Other server platforms only sold $1.6 billion in Q3 2018: ~6.8%

New ARM Neoverse server CPU platform hopes to change
the downward trend for non-x86 servers

Helge Meinhard at cern.ch - Techwatch 9



Server Market (2)

- ODMs have larger market - Data centres responsible of 3%
share than any single Tier-1 of total electricity consumption in
brand (Dell, HPE, Lenovo) 2017

Expected to raise to 20% by 2025

« Efficiency (in terms of PUE, and in
terms of compute per Watt) is key

« Rack power typically 12...20 kW
now, can be up to 40 kW

- 25% units purchased by
hyperscale cloud providers

« AMD share still small - Sophisticated cooling required
. But was zero before EPYC Naples  + Openl9 and Open Compute
- Driven by hyperscale cloud Platform are interesting
providers approaches

- Little uptake so far
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CPUs: Intel for Servers (1)

Intel Xeon Scalable Processors

« Currently based on Skylake-SP and
coming in four flavours, up to 28 cores

Only minor improvements foreseen

for 2019

« Adding support for Optane DC
Persistent Memory and hardware
security patches

New microarchitecture (Sunny

Cove) to become available late

2019

- Several improvements benefiting both
generic and specialised applications

08-May-2019
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CPUs: Intel for Servers (2)

Skylake-SP

Cascade Lake

Cooper Lake

Sunny Cove
(aka Ice Lake)

Willow Cove

Golden Cove

14nm

14nm++

14nm++

10nm+

10nm

7/10nm?

2017

2019

2020

2019

20207

20217

Improved frontend and execution units
More load/store bandwidth

Improved hyperthreading

AVX-512

Vector Neural Network Instructions (VNNI) to improve inference performance
Support 3D XPoint-based memory modules and Optane DC
Security mitigations

bfloatl6 (brain floating point format)

Single threaded performance

New instructions

Improved scalability

Larger L1, L2, pop caches and 2nd level TLB
More execution ports

Cache redesign
New transistor optimization
Security Features

Single threaded performance
Al Performance
Networking/5G Performance
Security Features



CPUs: AMD for Servers (1)

- EPYC 7000 line-up from 2017

- Resurgence after many years of AMD LONG TERM DATACENTER COMMITMENT
Bulldozer CPUs thanks to the Zen e
microarchitecture “Rome”  |ESES

- +40% in IPC, almost on par with Intel “Naples”

- 2x power efficiency vs Piledriver
« Upto 32 cores

« "ZEN"
Wnm

2017 2020

Continuous Innovation Performance Leadership

- Already being tested and used
at some WLCG sites
ix



CPUs: AMD for Servers (2)

EPYC Naples

EPYC Naples (Zen) consists of up to 4 separate dies,
interconnected via Infinity Fabric

— Chiplets allow a significant reduction in cost and
higher yield

Main specifications

— up to 32 cores

— 4 dies per chip (14nm), each die embedding 10 and
memory controllers

2.0-3.1 GHz of base frequency

8 DDR4 memory channels with hardware encryption
up to 128 PCl gen3 lanes per processor (64 in dual )
TDP range: 120W-200W

Similar per-core and per-GHz HS06 performance to
Xeon

EPYC Rome

Next AMD EPYC generation (Zen 2), embeds 9 dies, including
one for I/0 and memory access

— Should compete with lce Lake
*  Main specs:
— 9dies per chip : a 14nm single 10/memory die and 8 CPU 7am

chiplets | 14nm
* +300-400 MHz for low core count CPUs 1/0 DIE
= 8 DDR4 memory channels, up to 3200 MHz m
= upto &4 cores
— upto 128 PCI Gen3/4 lanes per processor
— TDP range: 120W-225W {max 190W for 5P3 compatibility)
= Claimed +20% performance per-core over Zen, +75% through
the whole chip with similar TDP over Naples

08-May-2019 — To be released during 2019




CPUs: ARM in Data Centre (1)

ARM is ubiquitous in the mobile and embedded CPU world

Data centre implementations have been relatively unsuccessful so far
Performance/power and performance/$ not competitive with Intel and AMD

Only a few implementations (potentially) relevant to the data center
Cavium ThunderX2
Fujitsu A64FX
ARM Neoverse
Ampere eMAG, Graviton

LHC experiments are capable of using ARM CPUs if needed
Some do nightly builds on ARM since years
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CPUs: ARM for Data Centre (2)

h Marvell ThunderX2 and Fujitsu A64FX

*  ThunderX2 for mainstream cloud and HPC data centers, from
2018
— Enjoysthe greatest market visibility and reasonable
performance/$

* Used e.g. at CRAYXC-50 at Los Alamos and HPE Apello 70 based Astra
HPC system at Sandla National Laboratorny

- ARM VE.1 architecture

¢ Upto32 cores, $-way SMT
* Upto8 DDR4 memory channels
* Upto 56 PCe Gend lanes

| ARM Neoverse
*  Fujitsu AB4FX to be used in supercomputer at RIKEN center

— Based on the VB.2-A ISA architecture
= Firstro deliver scalable vector extensions (SVE)
* A8 cores

* Two platforms for the data center
+ 32 GB of HEM2 high bandwidth memary = N1 for cloud, E1 for throughput
+ Tnm FInFET process * Based on the Neoverse N1 CPU

— Interesting to see what performance will achleve as it may lead ) — Very similar architecture to Cortex A76 but optimized
to a more competitive product for high clock speeds (up to 3.1 GHz)

— Two N1 cores each with L1 and L2 caches

— To be combined by licensees with memaory controller,
interconnect and /0 1P

* Demonstrated the N1 Hyperscale Reference Design
— B4-128 N1 CPUs each with 1 MB of private L2

— BxB mesh interconnect with 64-128 MB of shared
cache

— 128x% PCle/CCIX lanes

— 8x DDR4 memory channels
* Intended to strengthen ARM’s server market share
08—|\/Iay—2019 — Mot expected to be available for another 1-1.5 years

Source: Anandiech




CPUs: IBM POWER, RISC-V, MIPS

POWERS (2017)

Used in Summit, the fastest
supercomputer

« 4 GHz

« Available with 4-way (up to 24 cores)
 First supporting PCle-Gen4

« CAPI 2.0 I/O to enable

- Coherent user-level access to
accelerators and 1/0O devices

« Access to advanced memories

« NVLink to increase bandwidth to Nvidia
GPUs

« 14nm FINFET process

« Product line with full support for
RHEL/CENTOS7

08-May-2019

POWER10 (2020)

« 10nm process
- Several feature enhancements
« First to support PCle Gen5

RISC-V: Open-source ISA for
controllers

« Not currently targeting data centre
« May evolve into competition with ARM

MIPS: Dead horse

Helge Meinhard at cern.ch - Techwatch 17



Discrete GPUSs

42 ¥aars of Microprocassor Trand Data
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https://devblogs.nvidia.com/programming-tensor-cores-cuda-9/
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GPUs: Nvidia and AMD

Nvidia: Volta addressing servers, Turing
addressing gaming

m Volta (V100) Turing (2080 Ti)

Process
CUDA cores
Tensor cores
RT cores

FP performance

Memory
Memory bandwidth
Multi-GPU

H Applications

12nm
yes
yes
NA

FP16: 28 TFLOPS
FP32: 14 TFLOPS
FP64: 7 TFLOPS
Tensor: 112 TFLOPS

HBM?2
900 GB/sec
NVLink 2

Al, datacenter,
workstation

12nm
yes
yes
yes

Same, but
FP64:1/32 of FP32

GDDR6
616 GB/sec
NVLink 2/SLI

Al, workstation,
gaming

08-May-2019

AMD: Vega 20

« Directly aimed at the server world (Instinct
MI50 and MI60)

Evolution of Vega 10 using a 7nm
process

« more space for HBM2 memory, up to 32GB
« 2X memory bandwidth

« Massive FP64 gains

« PCle Gen4

Some improvements relevant for
inference scenarios

« Support for INT8 and INT4 data types

« Some new instructions

Helge Meinhard at cern.ch - Techwatch 19



GPUs: Programming

NVIDIA CUDA:
C++ based (supports C++14), de-facto standard
New hardware features available with no delay in the API

OpenCL.:
Can execute on CPUs, AMD GPUs and recently Intel FPGAs
Overpromised in the past, with scarce popularity
Compiler directives: OpenMP/OpenACC
Latest GCC and LLVM include support for CUDA backend
AMD HIP:

Interfaces to both CUDA and AMD MIOpen, still supports only a subset of the CUDA
features

GPU-enabled frameworks to hide complexity (Tensorflow)
Issue is performance portability and code duplication

08-May-2019 Helge Meinhard at cern.ch - Techwatch
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GPUs in LHC Experiments

- ALICE: O2

Tracking in TPC and ITS
Modern GPU can replace 40 CPU cores

- CMS, CMSSW

Demonstrated advantage of
heterogeneous reconstruction from RAW
to Pixel Vertices at the CMS HLT

~10x both in speed-up and energy
efficiency wrt full Xeon socket

Plans to run heterogeneous HLT during
LHC Run3

08-May-2019

LHCDb (online - standalone) Allen
framework: HLT-1 reduces 5TB/s input to
130GB/s:

- Track reconstruction, muon-id, two-tracks
vertex/mass reconstruction

« GPUs can be used to accelerate the entire
HLT-1 from RAW data

- Events too small, have to be batched:
makes the integration in Gaudi difficult

ATLAS

- Prototype for HLT track seed-finding,
calorimeter topological clustering and anti-kt
jet reconstruction

« No plans to deploy this in the trigger for Run
3

Helge Meinhard at cern.ch - Techwatch 21



FPGASs, Others

_ = & .
FPGA st FPGA programming
=S g === |
s = "B R
m mEE
*  Players: Xilinx (US), Intel [US), Lattice I I *  Used as an application acceleration device .
Semiconductor (US), Microsemi (US), ! i !_ . I I I ! I o ~ Targeted at specific use cases In HEP
:I:l'ld QUI.LCkL_IE_}IgiI:Z {|i.|5]l, TSSHSC {El'aiwa;}, an * Mewral inference engine - ngh LIF_'VE| Triggers
P recrmofogy {US), Unite - e s + https:/fcds.cern.ch/record/2647951
GLdDBALFCIUNDRIES (Us), Achronix (us), * OpencCL — Deep Neural Networks
and 52C Inc. {US) - . — = Very high level abstraction * https://arxiv.org//abs/1804.06913
* Market valued at USD 5 Billionin 2016 . wn - wn — Optimized for data parallelism
and expected to be valued at 10 Billion Inter® A beeedl® Riling® Imel Xiline® + C/C++ ] System € * https:/findico.cern.chfevent/703881/
‘G" 2°1|’3 4 4 for ad ddri . e E:‘égm G — High level synthesis (HLS) — High Throughput Data Processing
. rowing demand for advanced driver- ¢ ’."asc o4 10 — Control with compiler switches and . Aindi
assistance systems (ADAS), — St configurations https://indico.cern.ch/event/669298/
developments in loT and reduction in Mt Peomaa T 10 Lhascal + VHDL [/ Verilog
time-to-market are the key driving e — Low level programming
factors Lt Parfeamanca Tiar é;dme*’ 10
B WRES 1 2280 KRN W 5 2ORSRTENG _ W_ ool

- Intel Nervana, Google TPU (huge boost in perf/W wrt
CPU and GPU), Intel Configurable Spatial Accelerator
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Memories: Static RAM

On-die memory on the CPU used
for L1/L2/L3 cache

. SRAM cell size not scaling with node

SRAM cache constitutes large fraction
of area on modern CPUs

. Power consumption is an issue
- Applications driving larger caches

. No direct replacement in sight for
L1/L2

. Alternate L3 cache technologies = -
. eDRAM - Used in IBM Power CPUs

. STT-MRAM - proposed as possible
I’eplacement w |deal Scaling Actual Scaling

https://www.sigarch.org/whats-the-future-of-technoloqgy-scaling/
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https://www.sigarch.org/whats-the-future-of-technology-scaling/

Memories: Dynamic RAM

. Dominant standards continue to
evolve "
. DDR4 -> DDR5 "
- 3200MT/s -> 6400MT/s 12 x o
«  16Gb -> 32Gb chips 10 '

Data rate (Gbps / pin)

° GDDRS5 - > GDDR5X 8 ,-_f_'}rsv
. . Interposer |
. 14 Gbps/pin -> 16Gbps/pin 6
. 8Gb -> 16Gb chips s 0ORS e
. HBM -> HBM2 , APOR A Frews TB/s Bandwidth
. 1 Gbps/pin -> 2.4 Gbps/pin ] F HBM? HOM2
. 4 die stack -> 12 die stack 2012 2014 2016 2018 2020 2022 ;..._,.,)firiw _
. 2Gb die -> 8Gb die < Technology trend in DRAM data rate / pin > ;1:{';;";-«
. ; (Youngwoo Kim, KAIST’s Terabyte Labs)
Memory Iatency remains mOStIy https://www.3dincites.com/2019/02/designcon-2019-shows-board-and-
unchan g ed system-designers-the-benefits-of-advanced-ic-packaging/
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Memories: DRAM Outlook

- Major vendors showing next
generation chips
(DDR5/GDDRE6)

- Multiple technologies being
investigated for future DRAM

- EUV lithography not needed for
at least 3 more generations
(Micron)

-  Contract DRAM pricing fell
~30% in Q1 2019

- Pressure expected on DRAM
prices through 2019 due to
additional production capacity
coming online

P 08-May-2019

DRAM Technology Roadmap
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https://www.techinsights.com/technology-intelligence/overview/technology-roadmaps/
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Memories: Issues, Emerging Technologies

Performance gaps in memory hierarchy P Emerging technologies

Compute-M y Balance is Degrading

y * May eventually fill the gap
i — STT-MRAM between SRAM and Technology Comparison r;ﬁ'ﬁjﬁﬁff
. NormateedPopariel 'gm;;"’(xm’;; DRAM (work in progress)
' E — “Persistent Memory” in NVDIMM
— 7\ s / package for the DRAM/NAND gap e e
s RN * Low latency NAND (e.g. Z-NAND) S R S R HRA M
— 3 * 3D XPoint (aka “Optane”) Read T - 1o b v o a
/F — Technologies still in the lab | = [ = | R S| e
. MRAM Gl e (1) 1538 &3 & -4 (2] 4
bttt N NRhM Cond (915 HNGH i MGh I-;I. RS WMGE R Gh
S s

* FeRAM
« PCRAM e e
* ReRAM R

ttpa: T apancompute oryTisa/OCF. GenZ March-2013-final gdf Hitge fiwww. eetimes. com‘author azpPsection_id=Ri8doc_id=134 (36¢

Any fab for new technologies requires multi-billion investment — not
likely to happen

P 08-May-2019
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Interconnects and Packaging

Interconnect technology Packaging technology

AYOLE
. i i i « Traditionally a silicon die is individually packaged, i
Increasing ret:|l:l l,rements on bandwidth but more and more CPUs package together more eVl O the maln Siacking technologles & players
and latency driving the development {sometimes ditferent) dies i ——————————————
— E.g. moving data between CPU and GPU * Classified according to how dies are arranged and - | g e bt H
is oft bottl k connected A L
IS often a bottlenec = 2D packaging {e.g. AMD EPYC): multiple dies on a =1
— Several standards competing (PCle Szu:;frafi ngleg. Intel Kaby Lake.G, CPURGPU - | &
= 2.5D packagingle.g. Intel Kaby 3 + : — -
GEH‘US‘ CCIX, Gen-Z, OpenCAPI, CXL..} interposer between die and substrate for higher R o e
. i i Poaen | —— speed duu Mt
P roprleta v tech I"I0|0gIE'S - — Intel Foveros, a 2.5D with an interposer with active
— NVLink (GPU-to-GPU, GPU-to-POWER9) == x o logic {Intel “Lake Field” hybrid CPU)
— 3D packaging [e.g. stacked DRAM in HBM), for lower
— Ultra Path ':lnte”r CPU-to-CPU Lokl _*_‘ — power, higher bandwidth and smaller footprint
— Infinity Fabric (AMD), chiplet-to-chiplet — * Can alleviate scaling issues with monalithic CPU
Y ( ) P P e h dies but at a cost, both financial and in power and
o + latency
AR 1y A —_—
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HDDs: Technology

IR
- Problems with existing HDD
technology

- Perpendicular magnetic recording
at areal density limit

« |OPS per TB continues to fall

- Bandwidth not keeping up with 278
drive capacity ! W78

10 IOPSITB

40+TB Maintain ~6-10 10PS/TB

1
1
] 20:18 E3 -
1
1
1

5 IOPSITB

40+TB

° N eW te C h n O I O g y eX p e Cte d S O O n 2016 2017 2018 2019 '2020 2021 2022 2023 2024 202L5

« Energy Assisted Magnetic Recording (MAMR & HAMR) should allow 40TB
drives by 2025

- 2019 - 16TB MAMR drives from WD and HAMR drives from Seagate
« Dual Actuator drives double disk IOPS and drive bandwidth
P - 2019 - 147TB Dual actuator drives from Seagate
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HDDs: Market S

- Total HDD Market is shrinking

- Sole growth market is in near-line
(capacity) HDD used by Cloud and
Big Science

- Shrinking market introduces risks

« Higher costs -> Reduced economies of
scale

« Production risk -> Fewer factories
« Technology risk -> Insufficient revenue
to finance continued R&D
- Narrowing HDD/SSD price gap
causing more HDD to be replaced
by SSD (eg HSM buffers)

Annual Shipments (Thousands)

HDD type used for
Cloud + HEP

P 08-May-2019 Helge Meinhard at cern.ch - Techwatch 29



Solid-State Storage: Current State

- 3D NAND Flash

Continues to be the underlying non-volatile memory technology of choice

_Capielcity increasing through additional layers (96 layers now, roadmaps out to a few hundred layers, >200 cost
incr.

Additional capacity also obtained by increasing bits per memory cell
SLC (1 bits) -> MLC (2 bits) -> TLC (3 bits) -> QLC (4 bits) > ???
Challenge - endurance and retention - increased ECC overhead

. Solid State Disks (SSD) NVDIMM Benchmarks SNIA. | SOLID STATE

- Flash Systems

SSSI | STORAGE
SAS/SATA software stack and hardware severely limits IOPS = —
and rates (i.e. incl. Linux SCSI driver - sd) B ———
NVMe + PCI-e new interconnect and protocol replacing i ikl
SATA/SAS, significantly alleviating I/O bottleneck ,
NVDIMM (persistent memory) technology effectively
eliminates all I/0 bottlenecks (connected to memory bus)

New form factors EDSFF (“ruler’) and U.2 in addition to
existing 2.5” HDD, M.2, and PClI-e card form factors

3,077,639

P

2,741,262

IOPS = l{@QOperations Per Second
R

g
g

V 596,609

All Flash Arrays (AFA) common (analogous to HDD HW 06257 29049 =
RAID arrays, but all flash instead of disk) o

SAS 12Gb/s 40068 U2 w4 NVMe 16TH NVDIMM-N 3268

Mostly SAS attached, although other interconnects also = ’
available. NVMe-oF will come to replace SAS
08-May-2019 Helge Meinhard at cern.ch - Techwatch 30
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Solid-State Storage: Evolution

- NVMe and NVMe-oF - NVDIMM
« Suppress multiple software - Non-volatile, on CPU memory
layers in storage OS bus
- Extend to other interconnects « Requires CPU and OS support
- Expand to enclosure and « Expect higher density, lower
drive management, ... cost than DRAM; latency only

factor 3 higher

- Candidate technologies: 3D
NAND, 3D XPoint
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Solid-State Storage: Market

3D NAND dominant

3D XPoint: slow start,
large investments, IP
Issues

2018: 40% more bits
shipped, but revenues
declining

2019: NAND flash market
will remain in oversupply

08-May-2019

- NVMe/NVMe-oF
« NVMe SSDs: Expected to

grow from ~$2B in 2017 to $9
billion in 2022

- NVMe expected to become

dominant over SSD in
2021/2022

« NVMe-oF adapters: 1.75

million units sold by 2022, with
the bulk of the adapters being
smart (NVMe-oF offload)

Helge Meinhard at cern.ch - Techwatch 32



Tape: Technology

Enterprise: TS1160 released in Q4 2018
. 400MB/s (+11% over previous gen), 20TB on new JE media (+33% over previous gen)

LTO: Gen-8 released in Q4 2017

. 360MB/s (+20% over LTO-7), 12TB (+100% over previous gen).

. Can use LTO-7 media @ 9TB instead of 6TB, but LTO-9 support for that format unclear
. LTO-9 expected by EOY 2020. Roadmap claims 24TB but more realistically ~18-20TB

Libraries (>10K slots): IBM, Oracle, Spectralogic and Quantum

. IConc)erns about Quantum and Oracle future strategy (and support model/pricing for the
atter

. R&D

. 123Ghb/sqin on BaFe (~220TB tape) and 201Gb/sgin (330TB, CoPtCr media, but
material/manufacturing costs expected to be high). Allows for 8-9 years of headroom at
30% density CAGR

. Streaming read/write performance predicted to be 15-20% CAGR. But no significant
Improvements expected on seek times (random access) as limited by mechanics

ﬂmw Helge Meinhard at cern.ch - Techwatch 33



Unit Shipments: Calendar Year

Yearly Cartridge Shipments

Tape: Market

s 2 & B B 8
g8 8 & E§ & B

Drives T ———
«  Left only with LTO and IBM Enterprise after Oracle's retirement

«  LTO drive technology, R&D and manufacturing seemingly dominated
by IBM. Will the two product lines be merged eventually?

Media

«  Fujifilm entangled in ongoing patent war with Sony wrt LTO-8 media.
LTO-7 media available at interesting prices (~5-6CHF/TB), not the
case for LTO-8

- Market continues a ~10-year sustained contraction
- Revenues estimated 0.7B USD
- Significant risk factor for Big Science: limited competition,

contracting market
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Optical Storage and Others

Optical and others

Archival Disk: 300GE capacity

Manufactured by Sony and Fanasanic, agreement wih Madsubesh

140ME s wrile, 2B0MEB 'S read

Bundied by Sony n canridges with 171 dsks (DDA - Opbical Disk Archive)
Raadmapio 1TE annaunced in 2015, Azcarding ba co

media is ongoing but no release date yet
- No (public?) prices available

Large-scale libraries from Panasonic (Freeze-Ray) and Sany
Sony Everspan (up ta 64 drives and 1B80PE ) has been retred shartly afler annauncemasnt
Mawy Bbrary in plans {ater 20187)in callabaraban with Gualstar (up 1o 4TFE)

Difficult to find infoermation about any exiisting large-scale customers

- Sesminglynone in HEP

- Other archival technologies (holographic, nanophaotonic, DMAT) are very far

fram production

mpany saurces, esting for S00GE

08-May-2019

More like technology
studies rather than
production systems
with significant market
penetration

Others even more so
No role in Big Science
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Network: Introduction

Expect > 25% CAGR of Internet traffic until
2022

Main driver is media streaming over 5G

Evolution okay until now
But free lunch is over
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Network: Ethernet

- 2019
« Support for links at 50, 200, 400

)
100GHE | O 20060E Gbps over single-mode fibre up to
| s0abE 10 km, to extend to 40 km later

« Bi-directional optical PHY for point-
oof : to-point at 10, 25, 50 Gbps

jooMbis « 100 and 400 GbpS over DWDM up

Etl]ernet o\

10Mb/s ' to 80 km

- 100Gbps becoming commodity,
but too many variants; 400 Gbps
IS out

- SC18 demonstrated maturity of
100Gbps servers

v~ 7% 1.6TbE
400GbE v__ _7 800GbE




Forward Error Correction

Inflates payload by N bits to - Little additional latency: O(100ns)
protects M bits . Algorithms tuned to transmission
« E.g.300/5140 [RS(544,514,10)] or parameters

less for other standards

Can use lower quality optical specs
to reduce cost significantly

Requires less retransmits as long
as all errors can be corrected —
overall higher bandwidth

Can show ‘cliff’ in bandwidth if
corrections fail due to too many
transmission errors
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Silicon Photonics

- Almost all parts on same die

« Cheaper to produce than traditional
Light Source Guide Light Modulator transceivers

; . : é : - Allows also for more integration testing
, ~g—x ‘ « Manufacturing in existing CMOS production
- ' processes

« Lower power consumption than
Photo-detection Low-cost Assembly Intelligence conventional transceivers

« Available since ~2 years from
Cisco(Luxtera), Intel, GlobalFoundries, IBM

®,
»
« (research only?), ...

- Seealsoe.g. _
https://community.mellanox.com/s/article/
inside-the-silicon-photonics-transceiver
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Areas of Network Evolution

Improving efficiency of data transfers

. TCP BBR - version 2 is in the works with promising improvements

. Exploring alternative protocols for transfers (UDP)
. Caching

. Data caches co-located with network hubs in a similar way as on commercial CDNs
. Federations/Clouds

. Overlay networks spanning multiple domains

. Multi-clouds - expanding DC networking via L3VPNs
. Technology

. SDN/NFV approaches - currently looked at by HEPiX NFV WG
Compute - Agile service delivery on Cloud Infrastructures (OpenStack, Kubernetes)

Data Transfers - Network resource optimisation - dynamically optimising the network based on
its load and state (more in Shawn/llija)

. SD-WAN approaches - https://www.mode.net/
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Network: Other things to look out

- What to expect from Mellanox/NVidia deal?
. Nvidia paid $6.9b for Mellanox (~$1b revenue)

. 3 CPU/GPU(FPGA) interconnects now:

NVIink / OpenCAPI (Coherent Accelerator Processor Interface)
AMD, IBM, Google, Micron, Mellanox (Nvidia as ‘contributor’)

CCIX (Cache Coherent Interconnect for Accelerators)
AMD, ARM, IBM, Qualcomm, Xilinx, Huawei, Mellanox

CXL (Compute Express Link)
Cisco, Dell EMC, Facebook, Google, HPE, Huawei, Intel, Microsoft

- Remote DMA (RDMA) with all its flavours
. RoCE RDMA over Converged Ethernet, iIWARP, ...
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Conclusions (1)

Technology progress per se remains good, but obstacles ahead

Key computing markets in the hand of very few companies
Intel still dominating server market

- Price/performance advances are slowing down

- New processors and architectures are mainly focused on
Machine Learning, highly profitable markets expected — not
necessarily very relevant for Big Science

- HDD still key storage for the foreseeable future, SSDs not cost
effective, but concerns over markets

- Have to closely watch the tape development — big concerns
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Conclusions (2)

- Meta-conclusions: - Meta-meta-conclusions:
« Some years ago: « Tech watch is becoming
Concerns that evolution essential for the Big
may stop due to physics or Science communities
technology - Complex and demanding
« Now: Clear that bUSineSS, . |nteresting and rewarding

market, financial
arguments are the real
limit

- Markets largely saturated
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Final Remarks

Thanks to all WG members and the conveners for
their dedication and contributions so far

Interested? Never too late to join — contact
conveners or HM

Ideas for opportunities (in particular
presentations)? Contact conveners or HM
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