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Al scales in four directions

Scale-across Scale-out

100s to 1000s of kilometers Meters to kilometers

Data center to data center
Across multiple data centers
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Innovation for the Al Era.
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microLED

Single inter et archii :
5'€ INte Nectarchitecture for scal

Scale-up (copper replacement up to 10m)

Parallel :
XPU die ULED Fiber bundle | mutti-core fiber Parallel

. i) Switch die
optical l/0 optical /0

€-Up and scale-in

Scale-in

Parallel . . Parallel
: o Multi-core fiber | waveguides
XPU die MLED

ULED HBM base die
optical /0 optical 1/0
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Conventional inst.allation becomes labor-

Scale-up + out Fiber / Compu!(! !!c‘kIltl ng

ask

420 hours T
Install time

— 280 hours Deployment lead time

Skilled labor availability

— 95 hours Installation cost

[ - - 9 hours
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Debris Resilient

Physical Contact MMC, 50 Remates No Cl
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Why Lens: Physical Advantage

* Decreased IL impact due to debris Creates stable link
* S mated pairs, 50 remates, no cleaning

* Physical contact Max AlL = 1.42 dB

+ LensMaxAlL= 0.26dB

Scaling Innovation for the Al Era.
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Manufacturing Scale Advantage

Passive Fiber Alignment

Passive Mechanical alj
Ive m Bnment features enable scal;
termination Process that require el
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MMC with Prizm Techno!

r logy demonstrates a repeatable
manufacturing process that scales to Al network volumes PRIZM® TMT Ferrule
E% ﬁ —_ Qf $§ }ﬁ 90 days from lab trial to manufacturing deployment
, -,

2days to convert existing physical contact MMC line to Lens

Connector Performance: Path to 0.5 dB

: [2026; = o Scaling Innovation for the Al Era.
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* Separate cold plate from ASIC

* Critical components including LD at modest
temperature

[+ Low power ~ 5.5pjb, including internal laser
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* Simple SMF pigtail termination to front panel
* No extra connector loss and potential failure

* ELSFP:

. |+ lose >3dB power from extra coupling and connectors
* ->requires > 2x CW LD optical power (200-300mW+)
/ * lacking field reliability data
03 « increase CW LD power dissipation by ~ 4x
|« PM fiber adding additional power loss and cost

“ |+ Blind-mate connector adding loss and failure
f— é ) A « Higher cost, power and less reliable
N7 EFRLY / =4
Ijbi = /J\’ 5.5 pJ blt = ) E " T —— Scaling Innovation for the Al Era.
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Motivation

Optical Scale-Up allows 1-tier Pod size

expanded up to the radix of the switch,
1024+ GPUs/XPUs per Pod are possible ol thES

Optics has its benefits and challenges. One challenge is Flaps.

Flaps are intermittent link-down events, uS - minutes in duration.

Some lanes might flap all the time and be persistently “down”.

OK, why do we care?

» Network Switches know how to deal with flaps for 30+ years.
GPUs/XPUs don't...

«  If every flap causes a job crash,

. | 2026
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16 GPUs 32GPUs 64 GPUs
10 Flap FIT 48828.13 2441406 | 1200703 ET 256GPUs | 512GPUSs | 1024 Gpus
100 Flap FIT . Py g 6103.52 305176 | 152588 | 76204
1000 Flap FIT 488.28 24414 e 610.35 0518 | 15080 | 7625
10000 Flap FIT 4883 2041 11222;17 5 T
100000 Flap FiT 488 244 10 05 153 076
1000000 Flap FIT 0.49 G 122 061 031 048 008
: .24 0.12 0.06 0.03 0.02 0.01
Hours to 1st failure with P-fall=0.5(50%)|  16GPUS 32GPUs 64 GPUS 128 GPUs 256GPUs | 512GPUs | 1024GPUs
10 Flap FIT 33845.1 16922.5 84613 42306 21153 | 10577 5288
100 Flap FIT 3384.5 16923 846.1 4231 215 | 1058 529
1000 Flap FIT 3385 1692 84.6 23 22 | 106 53
10000 Flap FIT 33.8 169 85 42 @ | T 05
100000 Flap FIT 34 17 0.8 04 (T T 0.1
1000000 Flap FIT 0.3 0.2 0.1 0.0 0.0 0.0 0.0
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A practical 3R blue

Links may fiap b Print for flap-resilient optics

ut Al workloads must never stop

01 Redundancy 02 Resiliency

o~ :
2 Survive ) D Recover [[m Prevent

Independent data Local hardware ) Telemetry + fleet remediation
paths / planes detection + failover

Isolate failure domains and preserve Detect link faults and shift traffic to healthy
alternate routes when a link or plane fails. capacity without waiting for software.
Architect the Optics with redundant

Optical Links

Correlate FEC/BER, optics health and flap
history to eliminate recurring failures.

© 2026 Marvell. Al rights reserved.
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Introducing Marve
Reliable Link An

oe =]
oy System layer
KOSy Fleet health and orchestration . I

Application layer
Workload resilience @
Fast fecovery using shadow state

Link layer =
Traffic management ‘-

Link level r
G

Physical layer

-J\/\-qpcs + Optical PMD)
Signal integrity, Optical impairments

© 2026 Marvell. Al rights reserved.

I1® RELIANT™ telemetry:
alytics anq iNTelligence

Fleet-wide telemetry
Health, performance, anomalies

Al driven insights

Predict, optimize, automate

Link resiliency
Load balance, reroute, maintain flow

CBFC: Prevent Congestion and maintain
Link health

Rapid link recovery
Retry failed transactions
Rapid Link Init and Link training

Link health n
BER, lane errors
FEC bins, Equal

Detect | Contain | Heal | Keep going

AEESHE

Faster recovery
atevery scale

>1 second
* Fleet / workload scale
* Maintain cluster health

~500 milliseconds
* Application level
* Resume workloads

<1 millisecond
* Link level
* Resume workloads

Near instantaneous
* Link retry
* Recover failed transactions

Real-time
* Physical layer
* Detect and correct errors
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Potential Causes of burst errors

Possible Burst Error Contributors
Mechanical shock, vibration, &warpage
Humidity, lhaumlvurinhon. &EM|
Thermal & power Supply transients
Transient high optical Power effects on Rx

Laser biasing Operating point dynamics

Loss variation (optical connectors)
Optical reflections (Tx&Rx1/0 )
Short fiber MP|

Potentially all OEs

For direct modulation implementations
For external modulation implementations

Due to mechanical or dust
C

and I/0 ports

Fiber (mechanicalvib

Multi-path interference for short fibers

& shock)

AEESHE

Brainstormed list of Potential causes of burst
@rrors which can lead to link flaps

Short periods of burst €rrors can yet lead to
retries yet have a minor impact on the random
BER (depending on the measurement period)

Some of these causes are

Reflection interference for short

traces

Humidity, thermal variation, & EM|

High. d

'gh-spe ,(not D2D)

* Detectable well before failure
* Other causes may appear suddenly

Stability of electrical contacts / reliability changes

For socketed implementations

Impact of reflection variability into laser cavity

Pre-isolator, or non-isolator

Impact of stress, thermal variation for laser die

Fiber (mechanical vibration, shock, & MPI)

For external laser implementations

| Vvaried causes

|

Timingissues / synchronization failures/ auto negotiation

Interop: Y. ibility, & configuration issues

Especially systems with different
retimer/SerDes implementations

s Y. of PCBA

&

For example, power supply components

14 Oct 2026 y

Each implementation should use design techniques to minimize the potential for burst errors

| FTI Workshop
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o_ ) GPU/Xxpy resiliency to flaps
T - 1X800 = 5 4X200 * Key Q- when lane(s) flap, ho ;
*Eﬁ Example » oW We avoid a job abort?
800Gbps What happensif1 lane flaps?
Slonefp |l ————uul " 1x800mode 9 Job abort
02 — 4x200 mode 9 degrade to 3x200 or 2x200
B lane RMRRERFF RS 800Gbps

4§ ﬁ 4-lane EP

03
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flap, how we avoid 3 job abort?

What happens if 1 lane flaps?
f(:gg:;;; , * 1x800 mode 9 Job abort
. *  4x200 mode o degrade to 3x200 or 2x200
02 '

What happens if all 4 lanes flap together?

p4 \ Hq a: *H }A_ aﬂ N 1E= 15 800Gbps *  NICbecomes blocked - no valid patf.\
~1a

4-lane EP *  IsMRCgoing to help?
*  Iftraffic can be moved in timely fashion to another NIC, JO
survives, otherwise job crashes.
What is a likelihood of all 4 lanes flapping together?
03 *  Itdepends on whether all lanes of a given EP belong to the same flap fault domain
N *  Multi-lane flaps do exist and can be quite common within the same flap fault domain.
ﬁj\ ﬁf{ﬁ Bﬁ iﬁﬁ ‘If, ’%‘ jJ[I ﬁ gf, ‘—ﬁ % »  Ifall lanes per port are in different flap fault domains, with P as prob of 1-lane flapping,
- prob of all 4-lanes flapping per port is ~P* - a much smaller value.

HEXE o

. | 2026
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