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3. What’s next?
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U=/ ME (Y=L, Quantizing)

G.711 Companding algorithms
p-law(used in T-Carrier)
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HEA 2ES =
ASK/FSK/PSK -> QAM -> PCS
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HEA 2= F=YU7? ASK/FSK/PSK -> QAM -
> PCS
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oA o 20| ELYX|? - SM(WDM),
£ M(MIMO)
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https://www.edunet.net/nedu/contsvc/viewWkstContPost.do?contents_id=fs_a0000-2015-0702-0000-
000000000180&head_div=s2015w



CLNLES

I|EE0

Small Cell
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LTE  [pen ) o)
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1. Small Cell BS (Pico/Femto),
2. Wi-Fi

................. GPON o
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Legacy Macro Cell Sites = C-RAN

Ol =7}? Access

SMT £ C-RAN: Centralized/Cloud RAN
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LTE BBU £ =~ 12,000 RRH: Remote Radio Head

A o :
Rooftop LTE RRH 2= ~ 80,000 SCAN: Smart Cloud Access Network
(£21712]=)
(tL)) MAX30RRH
Y Per RT

4R (M)

----- g s |
L m/ Small Cell Backhaul

| CPRI Rooftop
(Z21712]=)
()

1. Small Cell BS (Pico/Femto), 8 RRHs (SCAN)
2. Wi-Fi GPON o ©L»
BS
Small Cell GPON *
Backhaul & = ! [ﬁ
VERY LAST MILE

AN AN

Q Macro s
3 X ‘ 5 BBUs
lg-: Active WDM CPRI||| 35RRHs)

CPRI Fronthaul (MAX 15~17Km between BBU and RRH)

g L Matro — (- 53 BBUS EPC <At
%‘ (connectmg 804 RRHs)
BBU
- Active WDM (SCAN) BBU h\CE il
) BBU uiti- xR\ SAE L .
“J» g X (&) @_ GW
I Traffic
S ———— ~. from GPON
(e ¢ IP/MPLS

k=

BBU (DU)

L) azyz12
(Macro cell site with
RRH |centralized BBUs)

BBU (DU)
US7IA= s

e BBU
Ees—— (&) 10GE (Ring, P2P)

BBU
GE
Traffc from H e
GPON 7 CEC0 ARP
LAST MILE

A 4

v

IP/MPLS/Ethernet Backhaul
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Metro/Core

MPLS L3 IP/MPLS services (VPN) between routers’ access ports
Traffic Engineering Traffic Engineering (TE) Tunnel between routers
IP IP Links between router ports
Ethernet Ethernet services
OTN L1 transport client services
ROADM LO transport client services
Coherent LO photonic services
Fiber
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$200
5180
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5160

$140
$120
$100
580
S60
540
$20

Capex (S billions)

2016

2017

2018

—+

2019

-00-00—0—0—0
LIGHTCOUNTING

2020 2021 2022  2023E

AT&T, BT, DT, NTT,
Softbank, Verizon, etc.

Comm Service
Providers (CSPs)

Alibaba, Alphabet, Apple,
Baidu, eBay, Equinix,
Meta, Tencent, etc.

Internet Content
Providers (ICPs)

*https://techblog.comsoc.org/category/optical-components/



Ethernet Transceiver O3} &M
Understanding the 400G+ market

Figure: Sales of Ethernet Transceivers to the Top 5 Cloud Companies
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New supply chain shortages now
(100G VCSELs and 4x100G/8x100G DSP chips)



Gemini comes In three sizes

. n

Our most capable and Our best model for scaling Our most efficient model
largest model for highly- across a wide range of for on-device tasks.
complex tasks. tasks.
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MISTRAL
AT

Mixtral of experts

A high quality Sparse Mixture-of-Experts.

Mixtral 8x7B employs a Mixture of Experts (MoE) technique, incorporating eight expert
models into one. This unique structure allows it to function at the speed of a 12B parameter-

dense model while containing four times the number of effective parameters. It's a
breakthrough in efficiency but comes with a high VRAM requirement. The model needs a

staggering @0GB of VRAM in half-precision, posing a challenge for local setups and

individual developers.
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Unified Memory on Mac
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COMPUTEX 2024 - NVDIA Blackwell 227l ..

GB200 GRACE BLACKWELL SUPERCHIP

40 PETAFLOPS OF Al PERFORMANCE
40 TERERBATERRLGEE

The Al Factory: How NVIDIA Builds the Engine for the New Industrial Revolution
https://www.youtube.com/watch?v=t_jiScDhf3M



COMPUTEX 2024 - NVDIA Blackwell 227l ..

CONNECTX-800G
INFINIBAND SUPERNIC

NETWORKING OPTIMIZED FOR Al
SR ATEREEREERS

The Al Factory: How NVIDIA Builds the Engine for the New Industrial Revolution
https://www.youtube.com/watch?v=t_jiScDhf3M
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OCS Theme : Already Deployed in ML/AI Cluster

TPU v4: An Optically Reconfigurable Supercomputer for
Machine Learning with Hardware Support for Embeddings

Industrial Product®
Norman P. Jouppi, George Kurian, Sheng Li. Peter Ma, Rahul Nagarajan. Lifeng Nai. Nishant Patil, Suvinay
Subramanian, Andy Swing, Brian Towles, Cliff Young, Xiang Zhou, Zongwei Zhou, and David Patterson
Google, Mountain View, CA
{jouppi.gkurian,lsheng.pcma,rahulnagarajan,Inai.nishantpatil.suvinay.aswing, btowles,cliffy,zhoux,zongweiz} @google.com
and pattrsn@cs.berkeley.edu

ACM Reference Format:
ABSTRACT Norman P. Jouppi. George Kurian, Sheng Li, Peter Ma, Rahul Nagarajan, Lifeng Nai,
In response to innovations in machine learning (ML) Nishant Patil, Suvinay Subramanian, Andy Swing, Brian Towles, CLff Young, Xiang
) : . X T Zhou, Zongwei Zhou, David Patterson. 2023. TPU v4: An Optically Reconfigurable

mosiels, plOducth[.l workloads changed 1ad.1ca]1y almd Supercomputer for Machine Learning with Hardware Support for Embeddings:
rapidly. TPU v4 is the fifth Google domain specific Industrial Product. In The SOth Annual International Symposium on Comp

: . : : . , Architecture (ISCA °23), June 17-21, 2023, Orlando, FL, USA. ACM, New York,
architecture @SA) z.md .1ts th1r@ supercomputer for SllCl.l ML NY. USA. 15 pages. hitpsy/dot org/10.1145/3579371 3389350,
models. Optical circuit switches (OCSes) dynamically
reconfigure its interconnect topology to improve scale,

availability, utilization, modularity, deployment, security,

Google TPUV4

1 INTRODUCTION
y gl octs. machine learning (ML) models
T —— S — — 2 : . A - "'n challenging ways. both in scale and
> o ’ = = Table 1 and Section 7.7). Examples of
language models (LLMs) and examples
- \f’zmbeddings necessary for recommender
ng recommendation models or DLRMSs)
itions of Transformers and BERT. The
ecent LLMs [Bro20.Tho22.Nay21] has

! c
L

....... = - ——




TPUv4 Architecture

One 43 Cube (N e N
1 rack = 64 chips (chip = TPUv4) — i vacs zocs
1 row = 8 rack = 64x8 = 512 chips axax4 _f64 Chl.p: / Cube — ﬂ .
8 row = 512 x8 = 4096 chips 6x16i/f=961/
+ + o
' izlilﬁzilf[j] 313 =T
LT (
Y+[O][D]I/ |/ |I/ I/[/T'_ 16
VYV ) [2
AT AT AT = /
N
> ,Q\Q) L._.ln—.zL._L{ [ .?L:— +[0][3]
v 7] /[ T 7 T_” 4
TTT1
/:w -—-/‘on»—/-znu»—'sw»— ){+[0][0]
N &
i i o ——
« Each rack contains 16 tray-host server pairs. | { {
» 16 tray x 4 chips per tray = 64 chips
 Also 4 chip per CPU host. $ L ‘
+ Each rack contains 64 chips and 16 CPU hosts 3D Torus (‘ L L
(aka one 43 Cube) .
* 4x4x4 3D electrical mesh per rack. 64 cubes = 64 x 64 chips per

cube= 4096 chips



TPUv4 Architecture
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Google Cloud
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Pain #1: Rewiring

Logical Links

._T"'.LI.'kCl Switch Ports
 (Tx & Rx) {(bidirectional)
- e

Spine Spine Spine Spine e Spine
Block 1 Block 2 Block 3 Block 4 Block M
-
ana 1 — —

Google DC L & 7| M Al2{| - «“Mission Apollo”

Edge Aggregation Edge Aggregation | | Edge Aggregation
Block 1 Block 2 Block N
A
*
ToR Packet Switches of an Agp. Block
Pain #2: Spine Limit
B | | = O | — L
128 links+
512 links-
Ager. Machine
Rack with 8 OCS switches + Racks
[ ] 512x40G block [[]512x100G block —— 40G links —— Link derated to 40G due to 40G spine
0CS layer— —
Physical fibers—
Pain #3: Retrofitting Optics
200Gb/s logical links

Spine 25.67 25.67
AEE EEE s

220 VAN

Logical links—s 100Gb/s logical links

C)=)(=)

ToR—
macinerack— N LA NANNNN NI

Leaf 25.6T 25.6T




What’s NEXT?



Broadcom Roadmap 27|

Unveiling Three Innovations Spanning From Edge To Cloud

Trident5-X12

@

Trident5-X12

Industry’s First ToR w/ On-
Chip Inference Engine

Qumran3D

U

Qumran3D

Industry’s First Single-
Chip 25.6Tb/s Router

'------------1
| |
| NIC Portfolio for Al |
| |
| |
| |
| |
| |
| |
| End-to-end [
| Networking :
|

r
I
I
I
I
I
I
I
I
I
I
I
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Broadcom Roadmap 27|

- Tomahawk 5 - Bailly 51.2T CPO

LR

2567 CPO ODM Demo

51.27 CPO Prototype Demo

Bailly CPO OFC 2023 Performance 30%

Demonstration o '
The future of optical networking ower Savings

and communications is here

51.27 Switch FR4

8 Silicon Photonic Engines
@ 6.4T (B4ch)

51.2T CPO links, no

Tencent clectrical links
Ruijie Optical Power: 5.5W/800G
CPO Partnership Announced Fully Functional CPO

€ BROADCOM © BROADCOM

*https://x.com/ogawa_tter/status/1768455026991895031/photo/4




400/800G Client pluggable2 2ff H| 2 77}2

Electrical
backplane
connection

Optical
fiber(s)

Datacom Transceiver

Examples of optical front-end types and their subcomponents are outlined in the table below.
There are many more varieties (e.g., LR1, SR4, etc.), but they follow the same patterns as

shown.
Transceiver Laser Type Number of Fiber Type Relative
type Lasers Cost

400G-SR8 50G VCSEL 8 8xMMF ribbon $

400G-DR4 100G wideband laser Usually, 1,  4xSMF ribbon $$
(DML) split 4 ways

400G-FR4 100G CWDM laser (EML) 4 1xSMF $3%

400G-LR4 100G high-power CWDM 4 1xSMF 5353
laser (EML or SiPho)

800G-SR8 100G VCSEL 8 8xMMF ribbon $$

800G-DR8 100G wideband laser Usually, 1, 8xSMF ribbon $5%
(DML or EML) split 4 ways

800G-2xFR4 100G CWDM laser (EML Usually, 4, 2xSMF $$$%

or SiPho) split 2 ways



400/800G Client pluggable2 2ff H| & 7712
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- A -3 10

Fia. 1 Histoaram of (a) PCS 64-QAM with v = 0.0749.

IMDD DSP



400/800G Client pluggable2 2ff H| & 77}2

Modulator

Coherent
TIA Rx

- InP |

v Temperature insensitive
v" Eliminates RF connectors

v “Native” optical gain
v Eliminates optical fiber

| |
| |

| '

|

e '
LCMQ.S.,J: Modulator | |
sice | - l
ol Coherent |

' i |

| | |

| |

| |

| |

| |
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400/800G Client pluggable2 2ff H| &7}~

10 Tbps | 8 Tbps
(on half a business card) (ML/AI PCle Card Interface)

Source: Nubis Communications



Coherent it = 29 X

Source: Coherent
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