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Al Inference Trends & Bottlenecks ) \C'ETE‘r‘é?s

Linke

4 ) 4 )

GPU performs computation; CPU orchestrates Agentic Al

GPU computes / decodes; CPU coordinates, executes, and plans

User CPU CPUs GPU (Primary)
Input ] User Cout
ting & Thread
Scheduling, Batching & 1/0 Coordination. Model Decoding
\ 4 ( L4 )
h 4 Tool Execution
GPU
Python, SQL DB,
Memor GPU (Local) API Web Calls
Model Inference & Prefill y L )
\ Bottlene(b Inference engine L | 3
Reasoning
\ 4
Multi-step execution
Token Output L planning J
Memory manager
KV Caching
%nificantly higher Memory Bottleneck/
\ J | J

5-7 year lead times; efficiency = HBM sold out; DDR5 $/GB costs Rack is the new server; pod is the
capacity elevated new rack

Idle capacity is the invisible wall
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Strategy A: Scale Capacity via Disaggregated W

KV-Cache using CXL Memory

Core Tokenomics Approach:

Scales long-context token generation while minimizing host and GPU infrastructure

( ) ( B ( ) ( )

Address the GPU Memory Wall

CXL attached memory for Enable higher batch sizes Drastically drived down cost per
Ul fiEE [ EEIENE W > ity i » and lower GPU node counts B million tokens ($/M tokens
expensive HBM to cheaper CXL capacity increase ($/ )
DRAM
- J - J - J . J

Token Economic Drivers:

Increase GPU Token Throughput: Reduce CapEx per Token:

« Boosts memory capacity per node Fewer compute resources (CPUs, motherboards, chassis, switch ports) - reduces the fixed infrastructure
* Increases output tokens per GPU-hour

Generates equivalent token volume across long-context Al Drastically drived down cost per million tokens

workloads with fewer server/GPU hosts (S/M tokens)




Strategy B: Rack-Level Memory BOM Optimization ) \Express

Core Tokenomics Approach:

Optimize Server Hardware BOM with CXL-Tiered Memory

Maintain the required target RAM per GPU _ _
host at a lower BOM Immediate CapEx savings per host node

Replace high-cost, high-density
DRAM (128GB DIMMs) with lower-
cost DRAM + CXL memory + CXL memory with
compute lower-sized DIMMs

Token Economic Drivers:

A 4
\ 4

Lower Amortized Hardware Cost per Token: Preserves TTFT & TPOT SLAs: Immediate Rack-Scale ROI:
Eliminates the steep price premium of high-density Provides the memory BW and capacity needed by Delivers direct unit-level CapEx savings per rack
DRAM modules reducing TTFT without forcing node redesigns without changing inference framework

Lohi S DS ] S CERI 7 el L il Reduced the baseline infrastructure cost component of token pricing




Hexible KV Cache Salutions for LLMs and Agentic Al with Leo
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LLM Application Examples

L
=
%

Chatbots

reuse early chat
content as context
for later chat input

Bug Fixing
Frequently using
entire code repository
as context

Agents

Assistant and rec sys query
large document sets

‘\

_/

o Increasing KV Cache Capacity

( )

e Larger models

* Longer context

* Multi-turn conversations

* Reuse across agents

* Concurrent users/sessions
* Long term memory

- J

9 Purpose-built for Al Inference

Agentic Al, KVCache, General Purpose Servers
Reused DDR4 or DDR5 DIMMs

9 Multiple Memory Tiers

FASTEST ACCESS PEAK INFERENCE
Optimized EFFICIENCY
G] = GPU HBM Best perf/watt, perf/$
~Nanoseconds | Active KV

G2 - System DRAM
~10-100 Nanoseconds | Staging / Spillover KV

RISING ENERGY AND COST
Per token overhead increases

INCREASING LATENCY

Access overhead grows {

HIGHEST LATENCY {

~Microseconds | Warm KV reuse

G3 - Local SSD / Rack-local }

LOWEST EFFICIENCY

Limits Al inference scalin
Inference bottleneck ~Milliseconds | Cold or shared KV context 9

G4 - Shared Object/File }

e High Memory Utilization with Sharing & Pooling

Multi-Socket Servers

AAsl‘emLc:bs

Leo
CXL Smart
Memory Controller

Leo

éﬁsfemr_abs

CXL Smart
Memory Controller

Leo Leo
CXL Smart
Memory Controller

CXL Smart
Memory Controller




Compute
Ecosystem Momentum s

Astera Labs Bolsters Leo Smart Memory Controller Family
for Agentic Al and General-Purpose Cloud Workloads
See the Demo in Booth 904

[=] ety [m]
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Astera Labs’ Leo CXL Smart Memory

: Scaling Agentic Al With CXL Al Your Way at AMD Advancing Al
Controllers on Microsoft Azure M- :
: : : Memory Expansion and Extended 2026: Why Open Standards Power
series Virtual Machines and Intel .
PCle 6 Signal Reach Al Everywhere

Xeon Overcome the Memory Wall
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Memory is the Hyperscale Bottleneck p QI

43. 69. 10-14,

of servers are memory-bound of a server's embodied DRAM lifetime
not compute-bound carbon footprint is DRAM servers retire at 5-7 yr
Fraction of Servers bottlenecked by resource (%) Emissions by Component (%)

. I DIMM EEESSD I Others M Board+Cards EEECPU Bl Cables EEENIC
I Cores [ Memory [ Flash I Disk I Network I Other

50.0% 43.8% 69% 16% 8%

0 20 40 60 80 100 0 20 40 60 80 100

CXL promised to address all three at once




What Fleet-Wide CXL Demands? W e
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Operational

Cost- Lower Easy Generic Eifxlency .
effective Carbon Adoption & Broad Maintenance
Expansion Overheads

Vistara: one co-designed stack that meets all the demands




Vistara: End-to-End CXL Stack ) N

Software Linux Memory Tiering
The complexity of CXL is invisible to applications. Keeping tooling and maintenance simple

Platform MemServer
High memory-to-compute ratio for memory-bound services

ASIC Vistara

Power & cost efficient, performant expansion with DDR4 reuse

One stack, co-designed end-to-end, running in production today
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MemServer: 1TB Server ) Ebress
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MemServer
e siepeeds TS iaiaa 3| Vistara ASIC (2x ASICs)
E§ Eé éﬁé éﬁé éﬁ éi&’ﬁi \;Sst?(r:a V;g?éa i Host Connectivity  x16 PCle Gen5 (x8 used in prod)
O T T T e Memory Interface  2x DDR4 2DPC channels
‘ 12 channels ’ CXL t 2 channels ‘
& P ) & Configuration 4x 32GB DDR4 DIMMs
J - - = 2400MT/s
= = = = ;
: Local memor XL Memor
Dual-Rank  Dual-Rank Dual-Rank  Dual-Rank Production OCao bmo y 0 y.
64GB 64GB 32GBx? 32GBx2 Operation [60 %o BW Utl'] [20 %o BW Utll]
Conditions 234 ns 280 ns (+50ns)
1TB 3:1 250 ns 48 GB/s +50 W
memory / server  local : CXL CXL Idle Latency E‘\j\’;‘k Effective CXL for both ASICs+DIMMs

MemServer platform designed for memory constrained services with 3:1 local:CXL ratio




. . Compute
Local vs CXL Memory in Production D e pres

Local CXL
Capacity 768 GB 256 GB

BW 614 GB/s 58 GB/s
Power 132 W 30W
Power/GB 1x 0.7x
Cost/GB  1x 0.13x

Latency (ns)

400

300

200

100

B Local Memory [ CXL Memory

10% 30% 60%
Bandwidth Utilization (%)

Practical trade-offs of deploying CXL memory shows its potential for cost-effective capacity expansion




Already in Production
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ML Parameter Server
Fewer servers, less fan-out, fresher models

—25%
fleet size

Development Infrastructure
More CI/CD jobs & VMs per server

—33%
fleet size

Cache
Bigger cache partitions cut backend traffic

—29% +25% —25%

avg. query throughput fleet size
processing time

Data Warehouse

+33% executor packing, fewer OOMs

—10% —30%
execution time  flget size

Server count reduction & DRAM reuse cut cost and carbon footprint




Vistara: Making CXL Real! L Epress

First at scale
The first reported CXL memory expansion deployed at scale.

Co-design wins
Custom ASIC + transparent OS tiering, built production-grade solution.

Broad impact
Delivers performance gains across a wide range of real-world workloads.

CXL Memory expansion with DRAM Reuse pays

High memory-to-compute ratio achieved with DDR4 reuse dramatically cuts cost and carbon footprint landing
huge TCO wins!
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DRAM Memory Requirements
LLMs & Agentic Al >

Total DRAM / A Agentic Al

Memory Requirement
(relative scale)

e Persistent Memory
Mﬁlﬁ"A + G enie

Conventional LLM Inference
Model Weights + KV Cache

@ STATELESS CHATBOT Q
% LONG-CONTEXT LLM _pé

____ L : : — e . , g | E?% Enterprise Al Systems

Model Complexity / Session Length i, e
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Life Inside the Wall

~ Cost, Capacity, and

(  Performance Constraints
As workloods grow, memory footprint exceeds host

o
g

? |

wd m

capacity, creating a bottleneck that haits

' performance and drives up expenses.

H}

THE STATUS QUO: THE DRAM TRIFECTA PROBLEM

m Rigid Memory-per- m The Over-Provisioning
215 Server Ratios Aulsh—1 Trap

Fsed Architectures LimtFexbilty ||| 55 == | Buying Compute JusttoGet Memory

Traditional servers have a hard-coded S| Forced to buy and power entie new servers

fatio, making it impessible to scale one = . == | ustto access more DRAM, leading to wasted

Without the other. s 05 w1 CPU cycles and inefficient hardware utilization,

o

I 'Y, The Negative Impact of Legacy Systems

Increased Energy
Consumption
Powering the “Zombie” Compute

Over-provisioned servers consume
significant electricity to run inlo CPUS,

....

driving up operational expenditures (OPEX).

Infrastructure
Obsolescence

Fixed Designs Age Rapidly

Hardware becomes obsolate within 12
months as Al model sizes and data service
domands outpace fixed memory limits.

§ O 1 Volatie TCO
: Vulnerability to DRAM Market Shifts
I Rigid architectures offer no flexibiity to

II' absorb sudden shifts in DRAM pricing
|| 9 of lead times.

Modern Datacenter demands have outgrown traditional host-attached memory

——il1]

R M"”'m...;;
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CXL: Emerging Solutions

Real solutions. Real products. Emerging now.

Cross
ibaba. Cisco. : “ cedented momentum ... a
rclude Alibaba CXL 4.0 & Memory Poolin win S

motors in w . v _ L as
Ol P Dell EMC. Google. HPE. Best of Show — FMs 202 the industry.” — Jim Pa

. icrosoft. o OW = FMS 2026 sortium
HWQLM&G-M/‘CV Source: Forpes —%m/

Source: HPCwire

25% of : o
1.11x faster LLM trainin Strandediiure aRAM sits %
2 75x cheaper interconnect W 1.35x higher LLM throughput

Source: ByteDance (cxL-cCL) source: Alibaba Cloud (Beluga)

CXL Memor Solutions: 1.39B

15% higher GPU utilizati
. tion 8.3x cheaper
>W%ghm host interconnect hardware 9.42B b 2031

Source: Alibaba Cloud (Beluga) — 3'% CAGR

— 1/ CAGR

Source: Mordor Intelligence

€ amsun ships 96GB cx[ 2 g Samsung Pan .

All racing to CXL. 3.2 in 202 modules — 202 10.2x traditional ROMA tra

Source: Serye TheHome

Ecosystem Hyperscaler evidence Economics e Memory vendors
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https://www.hpcwire.com/off-the-wire/cxl-officially-incorporates-announces-expanded-board-of-directors/
https://www.hpcwire.com/off-the-wire/cxl-officially-incorporates-announces-expanded-board-of-directors/
https://www.hpcwire.com/off-the-wire/cxl-officially-incorporates-announces-expanded-board-of-directors/
https://www.hpcwire.com/off-the-wire/cxl-officially-incorporates-announces-expanded-board-of-directors/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.forbes.com/sites/tomcoughlin/2026/08/25/cxl-growth-shown-at-the-2026-fms-conference/
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.servethehome.com/sk-hynix-cxl-2-0-memory-expansion-modules-launched-with-96gb-of-ddr5/
https://www.servethehome.com/sk-hynix-cxl-2-0-memory-expansion-modules-launched-with-96gb-of-ddr5/
https://www.servethehome.com/sk-hynix-cxl-2-0-memory-expansion-modules-launched-with-96gb-of-ddr5/
https://www.servethehome.com/sk-hynix-cxl-2-0-memory-expansion-modules-launched-with-96gb-of-ddr5/
https://www.servethehome.com/sk-hynix-cxl-2-0-memory-expansion-modules-launched-with-96gb-of-ddr5/
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.tradingkey.com/analysis/stocks/us-stocks/261834990-samsung-sk-hynix-micron-hbm-cxl-pangea-v2-ai-data-center-tradingkey
https://www.asteralabs.com/inference-tokenomics-how-cxl-memory-expansion-improves-ai-economics/
https://www.asteralabs.com/inference-tokenomics-how-cxl-memory-expansion-improves-ai-economics/
https://www.asteralabs.com/inference-tokenomics-how-cxl-memory-expansion-improves-ai-economics/
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.mordorintelligence.com/industry-reports/cxl-memory-pooling-and-disaggregated-infrastructure-market
https://www.microsoft.com/en-us/research/wp-content/uploads/2022/10/Pond-ASPLOS23.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2022/10/Pond-ASPLOS23.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2022/10/Pond-ASPLOS23.pdf
https://arxiv.org/abs/2602.22457
https://arxiv.org/abs/2602.22457
https://arxiv.org/abs/2602.22457
https://arxiv.org/abs/2602.22457
https://arxiv.org/abs/2602.22457
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172
https://arxiv.org/abs/2511.20172

CXL Real-World Deployment
Life Outside the Wall

- . e - !
r Massive Scalability (S5 g@m
® (.
Wiz, THE HUBLET From Add-In Cards Com| [
g ADVANTAGE toPerabyte J50Ms Com) o)
—=fP = The solution scales for massive | |
/~F =\ Switchless Low-Latency Architecture data service requirements. — [=0=
{r ) J\ Supports 14, 16, or 32+ DIMMs without the - : 0=
’J)lkk" added latency, cost, and power overhead 0 C :
of a traditional switching layer. — |~:r ] f | h _;li') (S

THE BENEFITS: A HIGH-DENSITY FUTURE

Massive >10x proven performance gains on
. common DDR/HBM bound workloads.
Performance Gains > 6x leap in tokens per second

N Z XD _ °r :‘
\ , N\~ Meaningful ¢ &
De-;:uupling Memory TCO Reduction Future-Proofing
y y rom Compute Direct Impact on the Battom Li Agility for Next-Gen Workload
.. Rethink DRAM as an independently scalable, Lo vomp e &mgg:;;:pmm;g e B o
E a5 an ndeDsItent Laver ing energy waste, disaggregated investments portable and adoptable
upgradeable, disaggregated resource SOSttant by memorydeivers immedateto Al modes that haven' even ben
_ improvements in performance-per-dollar. designed yet
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Practical Deployment 1: Add-In Cards
Maximize capacity/bandwidth for one host's own working set

VECTOR SEARCH / RAG Al/ML INFERENCE & RANKING

t 23-27% Perf. 13%

Inference perf gain — DLRM
Performance gain — FAISS, Redis Up to 66% more bandwidth

(Intel) (Astera Labs/AMD EPYC)

IN-MEMORY DATABASES VECTOR SEARCH / RAG

~27% TCO | T 10-17% Perf.

MongoDB: Est. 27.5% TCO savings, <3% latency hit Ml Putepath.aain
(Intel) Y g

(Intel)

Primemas: High capacity,

switchless solutions:
PMA16 4-8Tb; 16 DDR 5 Dimms
PMA14 3.5-7Tb; 14 DDR5 Dimms

Coming soon: DDR4 Support

Compute Express Link® and CXL® are registered trademarks of the Compute Express Link Consortium. ) \C%T‘;'r‘é;
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Practical Deployment 2 - JBOM
Multi-Host, Very Large Pool

GRAPH DB PERFORMANCE PERFORMANCE/COST

24-40X o ISy 8.0x Perf/S

6.7x Tokens/sec

hlgher throughput VS. sharded basellne — i Reduction of TCO by 88% for equivalent per'f.
no sharding required (Micron/Pometry) 27X FEd ux in TTFT (Micron)

At 89% KV-Cache block reuse rate

(Micron)

In-memory databases — fabric-pooled capacity for larger shared datasets

Vector search / RAG — distributed shards; RAG Al also benefits under the same 5-50X pooled-DRAM uplift band (Micron/Pometry)
Indexing Cache — Massive increase in DRAM per server via CXL: 5TB -> 100’s of Terabytes

Key-value stores (RocksDB) — 12X performance, 4X Perf/$ from pooled DRAM (Micron/Pometry)

Primemas Solution: 40-80TB JBOM
10 PMA 16’s w/Marvell switch & Ligid Chassis

Compute Express Link® and CXL® are registered trademarks of the Compute Express Link Consortium. ) C%T‘;?{SS
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Practical Deployment 3 - Multi Host, Low Latency

CAPACITY

HOST SCALE 1U: 8_16TB
vP to Sosts 8U: 64-128TB

Switchless, Gen6 optical

CONNECTIVITY

Switchless Gen 6 Optical
CXL 3.2+ w/HW Coherency

BANDWIDTH

DRAM Read : 2TB/s per 1U

In-memory databases — switchless, low-latency path for shared buffer pools/cache tiers
Vector search / RAG — HW-coherent index/cache sharing across up to 8 hosts, no switch overhead Availability:

Al/ML inference & ranking — coherent shared KV-cache/embedding table across hosts Come and talk to
Primemas!

Benchmarks - coming soon ...

Compute Express Link® and CXL® are registered trademarks of the Compute Express Link Consortium. ) \%T‘;?{é
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JBOM | Abaco 3.0

Practical Deployment #4: Abaco 3.0

Largest Capacity Shared Memory System for Al & HPC, Powered by Primemas CXL AIC, Micron, and Liqid

Rack Specifications

Zero-Friction
Software Stack

1x Fabric Manager host

9x Al Compute Servers

— Most applications run without modification
- Including CXL host adapter cards

— RHEL 9.1 Linux kernel
— Liqgid Matrix Software as Fabric Manager

4x Memory Chassis (up to 160TB total)

- 40TB per 4U chassis

-10 Primemas CXL Add-in Cards (AICs) per chassis
- 4TB per AIC (16x 256GB DDR5 RDIMM)

— Micron famfs kernel - Open-source submittal to
Linux.org

Schedule :
Production Q4 2026

Production Ready
Reference Design

— KV Cache for LLM inferencing using Dynamo

— Vector RAG demonstration by Scalemem/Micron - Supermicro Hyper X14 Servers

- Graph Analytics/RAG, large DB by software partners
- LIQID EX-5410C Memory Expansion Chassis
- Primemas 4TB Mem Expansion Add-in Card
- Micron 256GB DDR5 RDIMMs

Compute Express Link® and CXL® are registered trademarks of the Compute Express Link Consortium.
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Q&A

Please share your CXL questions!
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Thank You

Visit the CXL Pavilion at Booth no. 213 or to learn more!

Compute Express Link® and CXL® are registered trademarks of the Compute Express Link Consortium.
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