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Data Center NAND Bit Demand by Detailed Workload

« Focus: Training =2 Inference (Token/sec and Token/$)
» Agentic Al, Edge Al, and Physical Al
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4 Key Directions for SSD Products

Generative Al evolution has created and accelerated 4 direction for SSDs
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KV : Key Value
RAG: Retrieval-Augmented Generation




cPU — G;U -
« Addresses HBM expansion limitations
& high costs

* Allows 10x - 100x larger datasets

* NVIDIA Storage-Next™

GPU-initiated I/O (Software Stack: NVIDIASCADA™)
NVMe™/PCle®

Fine Grain I/O size (512 byte)

Super High IOPS (~200M IOPS/GPU)

PCle is a registered trademark of PCI SIG. NVMe is a registered
or unregistered trademark of NVM Express., Inc.




 Addresses inefficiency of

small data accesses over @) |
very high-speed networks = —
HBM
- Large, efficient transfers from T T —mpiopy !
data lake to load cache Lk

« Small reads serviced from

local SSD
: <D
e CPU-initiated I/O




Another Topic: NVIDIA ICMS (Inference Context Memory Storage Platform)

Key capabilities of the NVIDIA BlueFisld-4-powered platform include:

N ewsroom MNVIDIA in Brief Exec Bios NVIDIA Blog Podcast Media Assets Inthe

MNVIDIA Rubin cluster-level KV cache capacity, delivering the scale and efficiency required for long-context, multi-
T — turm agentic inference. X
Up to 5x greater power efficiency than traditional storage. i)
Smart, accelerated sharing of k ache across Al nodes, enabled by the NVIDIA DOCA™ framework and tightly
NVIDIA BlueField-4 Powers New Class of Al-Native integrated with the NVIDIA NIXL library and MVIDIA Dynamo software to maximize tokens per second, reduce W
Storage Infrastructure for the Next Frontier of Al time to first token and improve multi-turn responsiveness. e
Hardware-accelerated KV cache placement managed by NYVIDIA BlueField-4 eliminates metadata overhead, 'y
January 5, reduces datz movement and ensures secure, is &
Efficient data sharing and retrieval enabled by
network fabric for RDMA-based access to Al-native
Storage innovators including AIC, Cloudian, DDN, Dell Technologies, HPE, Hitachi Vantara, IBM, Mutanix, Pure Storage,
Supermicr ST Data and '-."'F are amn:nnﬁe first building next-generation Al stn:nragmtﬁ:nrrns with BlusField-4, ]
which will be available in the second half of 2026.
\ %

« |CMS: Storage Platform for KV cache

S * PCle® Gen5/Gen6é TLC NVMe™ SSDs will be utilized in
MNVIDIA BlueField-4 powe A Inference Context Memory Storage Platform, a new kind of Al-native storage t h e Sto ra g e b OX

infr ture desi e infe t erate g
e e e processor o [ soemiie Alsysteme v lahinin ot * Kioxia is working with NVIDIA® to clarify the requirements
Inference Conte: orage Platform ds Al agents’ long-term memory and enables high-bandwidth

sharing of ross clusters of rack-scale Al systems — ing tokens per seconds and power effi

by up t
Enabled by NVIDIA Spectrum-X Ethernet, extended contextm y for multi-turn Al agents improves

responsiveness, increases throughput per GPU and supports efficient scaling of agentic inference.

PCle is a registered trademark of PCI SIG. NVMe is a registered
or unregistered trademark of NVM Express., Inc.



High Level Requirements For SSDs

512B random read optimization
Increased endurance

High queue depths

Liquid cooling

Multi-initiator access

Larger capacities



512B Random Read Optimization

New ECC layouts
Not necessarily tied to IU size

Concurrency requirements

Hypothetical case: 25M IOPS = 40nS per 1/O

if tRead = 45uSec must overlap 1125 parallel 10s
if tRead = 25uSec must overlap 625 parallel 10s




512B Random Read Optimization

N\
Completion "
wnsec
 \

Read = 45 uSec
Read = 45 uSec
Read = 45 uSec




Increased Endurance

Workloads appear fundamentally different \
Motivation for pSLC and pMLC \
Overprovisioning as part of the solution 2
Caches vs long term storage
3 DWPD to 100 DWPD




High Queue Depths

Scheduling impact
Head of line blocking
Overall latency




Liquid Cooling
Power

Data center efficiency

Standardization of design?




Multi-initiator Access

Direct access to filesystem data
Leases on LBA ranges

Mapping leases to initiators
Fast path enforcement
Fragmentation?

Data protection?



Larger Capacities

Data growth trends

pSLC and pMLC

SKU minimization and inventory
management




KIOXIA develops SSDs that comply with NVIDIA Storage-Next™
Super High IOPS SSD - KIOXIA GP Series

~100M

3 ™ XL-FLASH™ generation 3 '
. XL-FLASH 10M < 25w I 70 :

512B Random Read IOPS
XL-FLASH™ generation 2

PCle® 6.0
GPU Initiated I/0O (w/ NVIDIA SCADA™)

o ﬁ Evaluation samples
KIOXIA GP Series Performance Emulation P by the end of 2026

(Latency histogram setting & IOPS clipping) N ox»‘/
_—

Super High IOPS Emulator

Up to 100+ MIOPS

Super High IOPS Emulator Testing (Up to 100+ MIOPS)
Software Stack Enablement, System Study with KIOXIA GP Series Performance

Subject to change without notice. Productimage may be different than actual product.
PCle is a registered trademark of PCI SIG % N



High IOPS Emulator

Phase 1: Maximum performance done in Aug 2025

140M IOPS in single instance generated on GH200.

Prerequisites:

. . * GH/GB system
Phase 2: Model device performance done in Sept 2025 . X86 based GPU system won't generate 100M IOPS AN
Add htic | O due to narrow bandwidth between GPU and CPU
synthetic latency on 1O execution
NVIDIA GH200 Grace Hopper Superchip e
Dynamic latency adjustment
- Emulator
Telemetry : CPU LPDDRSX \
|O counters to track 1O statistics 3 I 25
. Q g Grace éé S
Phase 3: Running on SCADA™ T2 PR cPU £g =2 e
S B £
L . {Hill v .
Application experiments | 2 \

How apps behave under SCADA

Device experiments

The logical diagram of a single NVIDIA GH200 chip

Analyze SCADA |0 characteristics with over T00M IOPS



Super-High IOPS SSD 512B Random Read Without Latency

Total IOPS QD Statistics (No Latency, microseconds)

512-1023
256-5M
128-255
64-127
32-63

16-31
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Super-High IOPS SSD 512B Random Read With Latency

Total IOPS QD Statistics (with Latency, microseconds)

512-1023 |
256-51
128-255
64-127
32-83
16-31
8-15
47

97.488M io/s

1
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3072 Threads

Super-High IOPS SSD (SLC) Conventional TLC-based SSD

IOPS (SLC) Total Queue Depth (SLC) IOPS (TLC) Total Queue Depth (TLC)

4925 total aD 13063 Total @D

10.5M iofs 6.77M io/s

18:13:15

18:43:45

8192 Threads

Super-High IOPS SSD (SLC)

IOPS (SLC) Total Queue Depth (SLC)

12645 Total QD
10.5M iofs

18:14:00

Conventional TLC-based SSD

I0PS (TLC) Total Queue Depth (TLC)

141 36 Total QD

10.5M io/s

=SDCI|StorageAi




Challenges of Increasing PCle Bandwidth:
High Bandwidth vs. Shorter Interconnect Lengths

Scaling Trends of Transmission Distance:

g . o
Coverage Area Optical vs. Electrical Link

Inter-Rack

Intra-Rack

gy

L

Intra-chassis ®-..
- in Server - " .....
®:-:-....., 0
8GT/s 16GT/s 32GT/s 64:1/s 128G7/s 256GT/s
(PCle® 3.0) (PCle 4.0)  (PCle 5.0) (PCle 6.0) (PCle 7.0) (PCle 8.0)
1/0 Bandwidth
| ot -

PCle is a registered trademark of PCI S| G. *KIOXIA-internal estimates
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