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=Backend Network&EMEINBAIY — VAR ND—I0 KIERLK
=Hyperscale DCAEBCIEIE b T1vINAKIRICIEXR

Al/ML needs a different solution then HPC
Front End Network Back End Network L
Network’s Purpose Q}
Connecting Servers Connecting Specialized End-Points ) WAN
(x86, ARM, etc...) (GPUs, Storage*, etc...) Del
Connecting Servers to Internet No connection to the internet Frontend)
. . 4
Network Bandwidth Drivers o She SPine
HPC and Storage 3 (Gronind) rontend)
5
(V]
Migration to the Cloud Explosion of Al/MI ‘S TOR TOR TOR
o (Frontend) Frontend) (Frontend)
Step function increase in bandwidth
Meeting the Bandwidth Needs - | “Server | | “Server |
Y/Y CPU and Network Increase Y/Y GPU and Network Increase ] , [ server | |[ server |
Scale-out within a generation Massive new build-Outs Rack Rack Rack
4
Interconnect 9 ( ’T
ko Backend! acken
Proprietary** (Limited Investment) s Bz O
Ethernet (Massive Investment) 5 History of Proprietary -> Open
2 S —0-0 00O Storage migrated to Ethernet
Ethernet (Massive Investment) 0 Spine Spine network with invention of RDMA
(Backend) (Backend) over Converged Ethernet (RoCE)
*- Many networks use RDMA over Ethernet to move storage to the frontend network L
**_ Some networks use InfiniBand Network topology drawn for simplicity over accuracy

Hi84 : Evolve your AI/ML Network with Cisco Silicon One ,June 8, 2023
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2021 2023 2024 2025

GH200NVL GB20ONVL  GX200NVL

HARGPUDEZ(ICINERERELERIL 400G = 800G = 1.6T

Arm Training & Inference

GH200 GB200 GX200 Arm Inference
A100 H100 H200 B100 X100 X86 Training & Inference
L40S B40 X40 X86 Enterprise & Inference
Quantum 400G 800G 1,600G InfiniBand Al Infrastructure
Spectrum-X 400G 800G 1,600G Ethernet Enterprise &
Hyperscale Al Infrastructure

Image Source: NVIDIA https://wccftech.com/nvidia-accelerates-gpu-cpu-ai-roadmap-new-chips-launch-each-consecutive-year/
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OSFP-XD

Relentless Advancement - Switch Silicon Bandwidth
8x400G PAMX

T 2010 2012 2014 [ ¥2018 2020 W
Power: < ??
OSFP-XD

8x200G PAMA4
2010-2022 . QSFP-DDor OSFP Power: < 25W, lower if LD used
. - or 3
102.4T * 80X Switch Silicon Power:<20W % N

o Bandwidth Increase PRT—
ears H : 8x50G PAM4 3.2T
7 Chips * 10X Optics Bandwidth e - :mm
4 SerDes Speeds Increase asrpas L 16T :
4 Package Size Increases 51.2T . Result: 8X flbel‘ (OI’ )\) pOWJ‘?“‘3 SwW // . : z‘,24Custom optical engines :
e . . v <
increase per switch ey ¢. s e |
~ i <1977 |
/ i
25.6T @ 400G : I :
i :
O O - N /B
6.4T I I i . ]
1 [
Switch Silicon BW 640G 1.28T 3.2T I - : &, :
SerDes Speed 10G 28G 56G 112G 2014 : : i o/ :
# SerDes %64 x128 X256 X512 | | ! !
Optics /v QSFP+ QSFP28 QSFP-BPS56 QSFP-DDBO0 I h i - at
f | | TIerT | Commercially available Sampling Future
—_—
Source: Module pictures provided by Coherent; CPO switch images provided by Cisco © 2023 Omdia
88 : Cisco Systems, SP360: Service Provider Co-Packaged Optics and an Open Ecosystem (2021/01) 4488 : Omdia, Optical and Networks Market and Technology Update (2023/05)
B ,

US Conec, Optical Connectivity Considerations for Co-Packaged Optics (2021/05)
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A A= NEIDENN (Ex. Meta 5~1018) — Z0EEECEIRNMNE

=IEEEAIY -\ BEGPU, Si& & {KEEU>Y, {KHEES . MOR & EORAIYF KA >H-J1INADIEAN (Ex. Meta 5~104F)
Emerging Al/ML Clusters

NDR IB or 400GbE - I MoR and EoR Switches for

Interconnect Scaling Challenges

8x 400G-SR4/DR4 e e T : g I |

+DPUcards 1 Y - - : i ' ¥ » —— 2 - !
W

Rack . Rack
TOR Panel
» (Data Center Network- Optical) 1 1‘ 1 t T f f t
DGX H100 Server

o £ 3o - : - T Rack Interconnects (DAC) ~|
i — - =z 55 ot T = = = = \\Fiberoptic cable
8x H100 GPUs > : . > MCM Device / Package: Shuf.-.-.-. helf
24TB/s memory BW -8 # > Scaling Dependencies: hio - i . - ) -
3 " . - Chip-Lhip : 5 to 10x interconnects : I~
4 per rack 2 NVLink4 . Increasing BW per GPU - Intra-Chip ] ‘
Up to 14.4Tb/s per server Compute Fabric Today Cluster Fabric Tomorrow

18x OSFP (800G-SR8) . Power density (rack and server)

256 GPUs . Larger GPU-GPU domains . . ) .
® The growth in Al/ML model size leads to increased cluster size & 10 demand

. MoR and EoR Switching ® Dist ; Uity f O fabri hitect
. Any-to-Any Latency IStance creates opportunity Tor new apric arcnitectures 00 Meta

| -Hosts (Accelerators, GPUs) | [~Hosts (Accelerators, GPUs)

Network Cluster Fabric

Switch

< Compute Fabric

(Data Center Network - Optical)

i CorellO

1 Exaflop Al perf
>20TB HBM3 memory
70TB/s bi-sectional BW

7

(L) Nvidia, What's Next for Optics in Artificial Intelligence / Machine Learning Systems (2022/12)
Meta, AI/ML - Opportunities for CPO Optical Interconnects (2022/12)
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BZI0NT—JIL : SWR®/WTC® SWR® : Spider Web Ribbon® WTC® : Wrapping Tube Cable

IPANEB RN IS

o

s SWR®/WTC® #BZ LT —IINOIMETE

P2
BSOS -
oy ol =
e el JrqND | 1,728f | 3,456f | 6912f |

| W B
1000:0v7 =T
AOVRE! : 23mm
SWR®/WTC® : ¢18.5
/ ¢ mm 2 21.5mm 26.5mm 29.8mm
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=\ BERH) NOERNENSHEREESZEE L0 WTCOZ-ADEED
- —J ) ERRROIER(CL SRS EGEFTORIR (OXRR. i TEHIRK)

X405k

Air Blown Wrapping Tube cable™ (AB-WTC™) {3

. < https://www.duraline.com/micro-technology/FuturePath-457 3
A =52

& 55
12F Spider Web Ribbon without bundling \

Water blocking tape

Strength member

Sheath (Black)

AB-WTC™MDIMESTIE

HMZE(mm) 11.5
A9 MR (mm) 10 12 12 14
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{iZ0X @1550nm

ES

S TE

1310nm,1550nm, 1625nm

8.6 um @1310nm
(9.6 um @1550nm *&E{E)

1260nmEAF
0.185 dB/km (Z%1E)

7 (SiO2(cGe%iasnn )

JovR

EER R TEIC T REDTZD
B SN 2 LB 224

1550nm, 1625nm
12.0 pm @1550nm

1530nmILF
0.166 dB/km (BZ(E)

a7 (Si02)

775y R

1550nm& TIRIESR
REEEEODWDMImX(ICEL TLVS



3.5'6774 I\BEERRDENR : ¥IVFI7I74)\(MCF)

ZERA D EI| S E

E(SDM)'fEL/

1074 N\ =R

7)1/9:]777’(}\(MCF)(iSDM?T’(/\O) DT1D0OI7A/\ICHEE DI 725 DiEE

ZEpElZE (SDM) J7A)\ ZoRN %% &

S=Fk
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(Coupled-Core Multi-Core Fiber : CC-MCF)
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AAT7IINFIAT I7AINET7AINAR D% 1RO 74 )\ CARIX

-iHR(EFan-in Fan-outT/\A/ A&

1 =) -
X2 mm) g‘
G = (o)

x4 ‘

4 x SMF

SELUDERZITD

4c-MCFIC & BEDBIES

) ([

OO0 OO0 OO0
OO0 OO0 OO0

- mm) RXx1
g‘ mm) RX2
) e Re

) L

MCF / =D

AbE R

Fusion splicer

N

194 2724277 IR INA R
i rd Fan-in Fan-out (FIFO) device

MCF-LC connector -

MCF-MPO connector

temcr ) )=
TN
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HE ;. https://www2.ofsoptics.com/accucore-hcf

cladding

NANF(Nested Anti-resonant Nodeless Fiber)#!

HEB8 : Lumenisity, white paper
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-NANFELDE5(CLDEIRY R IE R EBEDCE
» SMFZ% L [Bl B4R K%

HCFOREIE R ECERDEE

m s

Loss (dB/km) 0.65 0.22 0.17 0.11

SMFOZAFE K5 IE 3

/ 0.001
dB/km

—_—
LILI

Sakr OFC PDP 2021 [9] . 002 —
Zhang OL 2022 [11] . H
Mahdiraji OFC 2024 [8]

Adamu OFC 2024, M3J.1
This work --long cutback
= = |deal DNANF -

R T

Attenuation (dB/km)

e
—

600 800 1000 1200 1400 1600 1800 2000 2200

Wavelength (nm
gth (hm) H B8 : Microsoft, OFC2024 Th4.A.8
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- 8S>2—-NNOERIGICHEVWSFF(Very Small Form Factor) D4 >45—J1—AhVE %

OSFP-XD 1.6Tybh5>2=/)

5ER5/MSA

OSFP: SFF (Duplex LC) + MPO + VSFF (CS, MDC, SN) [CHIZ T,

OSFP-XD: VSFF (MMC, SN-MT) Zi&h0

() : Ferrule Pitch [mm]
5:1701/“//]1 S 2 )
WY y/ e’ m
1.25 mmiE & > = =
JiL—=I)b
Duplex LC (6.25) CS (3.2) MDC (3.1) SN (3.1)
ILFIFAN e 4 R i =
MTJZIL=)b
MPO MMC SN-MT
PMD* Notes Fiber Connector REINERS
1600G DR16 (1A SMF) 16 x 1A x 100G 32 (Dual) MPO/MMC/SN-MT 500 m
1600G DR8 (1A SMF) 8 x 1A x 200G 16 MPO, MMC, SN-MT, 8xMDC/SN 500 m
OSFP-XD(]. GT) 1600G 4FR2 (2A SMF) 4 x 2\ x 200G 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km MTjI“/_“/ja“:}%j
1600G ZR2 (2A SMF) 1 x 2A x 800G 2 Duplex LC, Mini-LC, CS 80 km VSFFj:ME}D;n%
1600G 4FR4 (4A SMF) 4 x 4\ x 100G 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km
1600G 2FR4 (4\ SMF) 2 x 4\ x 200G 4 Dual CS/MDC/SN/Duplex LC 2 km
1600G 2FR8 (8A SMF) 2 x 8\ x 100G 4 Dual CS/MDC/SN/Duplex LC 2KM a8 mrie e e
1600G FR8 (8\ SMF) 1 x 8\ x 200G 2 Duplex LC, Mini-LC, CS 2 km
“Physical Mediu (H#8) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 23
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B/ NBYIA— LTy~ VSFF MDC/MMCHEIRD4A
-BEE T 7Y NIA—- LT, Duplex LC/MPOIRIADIEDR— MNEEZEIR,

DirectConec™ v 1

DirectConec™ w31

TNT—YEBICLS GR-1435%H1m IINT—VERICLS

L 7-\ —I%— : ]|:|i Eﬁl:] o 7—\

9_R—32 S0 BSS5RER M AER SR 1ER
=M A S & / APCHAEE /
n _
APCEF (4 2 J1) =)
UPCHREE
\ J7A\EREE : /774/(‘%%93435
a EFEDuplex LCI®I45LL %?{EPOJWJ%E
SRS #3185 BEEMPOIR YL 215
FHERRMREO
1RUICER A4 320 EEETTRERR HARESCLDHRE
BEE 2 D IRIIRE
MDCIx%J%~ MMCI®9J4
L= ELIMENT™ MDCI%%%4 ST MMCI+J4
1IVEX 2:0» (Duplex) 1IDVEX 16:0. 24410
JAEEL 0.25dB @ = 97%f& JEAEL 0.25dB @ = 97%f&
S 774 )RR 250pmEERIG
(200, 165umfEfBXTita])
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- MMCOXIAFEBIFES SRR D IT7 AN AT ALK IS E] EE

250 pum Fiber Pitch

MPO-16 MMC-16 MMC-24 MPO-24

Bia4E
BIF> A5 0 250 pymf 7‘5774}K‘/Ew?%?ﬂ)ﬁ")fr‘\‘)(:i\]‘ﬁﬁﬁj
IR AT A 0 200/165 pmAEFET7A I/ EVFIET7A NIRRT G E]
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. CPOZAYFIT—X T — MSBH TP O TN E RIS BRIV SFFA IR

ELSFPZSEERR— RN A, 51.2T CPO FR/DRAAYF1RUTTI—RTL — MAESDAR—ZT
256:0y/1,02410% R ETEERR AL VSFF¥I%R44 : Ex. MDC/MMC-16

36 FR  FR DR DR

100% 50% 100% 50%
256 512 1,024 2,048
32 I I I

| | |
D28 | |
N T [
N 24 Lo : MMC-24
§ 0 1o | | (5,184)

| | |
= MPO-16 . s \\ 1 s —
216 | | ) (1,280) RIEAVSFFXEIRIIEBAICELD
- Yaray o)
PP Apo-n l ELSFPYI7J0—-FAN—AHER
R Duplex LC I I
N (1 4 4) I (960) I 0000 | 00000000 | 0000 | 0000 | 0000 | 0000 | 0000 & .-—-—""‘/_
ER 8 I I I : (000 | 0000 0000 0000 0000 0000 0000 00 Y b U

4 3 I MDC [ MMC-16 x 64 = 1,024
‘/) ' (432) ! 16/0:ElfR] () 1IRUTLEEHT7 AL
0 ° ° 0 °
0 864 1,728 2,592 3,456 4,320 5,184 6,048

F*IT714INi0E/1RU
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