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Abstract

The rapid growm h of deep | earning inference workloads is placing

i ncreasing pressure on existing Internet and conputing
infrastructures. To support |atency-aware, privacy-enhanced, and
scal abl e i nference services, this docunent introduces the concept of
Intelligence Delivery Network (IDN), in which nodels with different
i nference capabilities are depl oyed across geographically distributed
servers and selected to serve inference requests. This docunent
descri bes the chall enges notivating such networks, presents an
architectural framework, and defines a comon vocabul ary for

di scussing the systenms. This document does not specify protoco
details, which are left to future docunents.
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This note is to be renoved before publishing as an RFC
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I ntroduction

The increasing depl oyment of deep |earning nodels has led to rapid
grow h in inference workl oads across the Internet. Unlike node
training, which is typically performed in centralized data centers
usi ng batch-oriented processing, inference workl oads are often

| at ency-sensitive, geographically distributed, and cl osely coupl ed
with user data. These characteristics introduce new requirenents
that were not primary design considerations in earlier Internet and
computing architectures.

Current approaches to deep learning inference largely rely on
centralized or regionally centralized cloud infrastructures. |n such
systens, user data is transmtted to a limted nunber of |ocations
where inference is performed. While effective for certain
applications, this nodel can introduce challenges related to end-to-
end | atency, scalability, and privacy [RFC9556]. As inference demand
continues to grow and applications increasingly require real-tine
responses, these limtations becone nore significant.

At the sane time, advances in nmodel conpression, quantization,
distillation, and specialization have enabl ed i nference capabilities
to be represented in nodels of varying size and conplexity. As a
result, it has becone feasible to deploy different nodels at
different locations in the network, ranging fromlarge, general -

pur pose nodels in cloud data centers to snaller, task-oriented nodels
on edge devices. These devel opments notivate a shift from data-
centric inference processing toward a nodel -centric approach to

i nference delivery.

Inspired by the architectural principles of Content Delivery Networks
(CDNs), this docunent introduces the concept of Intelligence Delivery
Network (IDN). An IDNis a network architecture in which inference
capabilities, encoded in trained deep | earning nodels, are deployed
across a set of interconnected nodes. Analogous to how CDNs cache
content closer to users to inprove delivery performance, |IDNs place
nodel - encoded intelligence closer to inference request sources in
order to reduce latency and inprove scalability. |In this franmework,
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i nference requests are served by appropriate nodel instances based on
factors such as task requirenments, locality, and system conditions,
rather than being uniformy directed to a single centralized

| ocati on.

The remai nder of this docunent is organized as follows. Section 2
provi des background and di scusses the chall enges notivating | DNs.
Section 3 presents the IDN architectural framework. Section 4
defines the term nol ogy used in IDNs and explains the rel ati onshi ps
anong these terns. Section 5 discusses security, privacy, and trust
consi derati ons.

Background and Chal | enges

Thi s section provides background on deep | earning inference
depl oynent and identifies challenges that notivate the Intelligence
Delivery Network (IDN).

Characteristics of Deep Learning |Inference Wrkl oads

Deep | earning inference workloads differ fromtraditional Internet
services and deep |l earning training workloads in several inportant
aspects. First, inference requests are often generated by
interactive applications (e.g., conversational interfaces and
programm ng assistants) and therefore tend to be | atency-sensitive.
Second, they are geographically distributed, reflecting the |ocations
of end users and data sources. Third, inference usually operates
directly on user-generated or user-specific data, increasing
sensitivity to data locality and privacy requirenents.

I nference workl oads are al so heterogeneous [EIf]. Different
applications inpose different requirenments in terms of node
accuracy, response time, resource consunption, and availability. A
single inference service may involve a mx of sinple tasks that can
be handl ed by |ightwei ght nodels and nore conpl ex tasks that require
| arger or nore capable nodels. This diversity conplicates uniform
depl oynent and execution strategies.

Limtations of Existing Conputing Infrastructures

Today, |arge-scale deep | earning nodels, exenplified by |arge

| anguage nodels (LLMs), have becone doni nant sol utions across a w de
range of application domains. Due to their substantial conputationa
and nenory requirenments, these nodels are typically deployed in
centralized or regionally centralized cloud infrastructures. 1In this
depl oynent paradigm inference requests and associ ated data are
transmtted fromclients to a linmted nunber of data centers where
the nodel s are hosted and executed. This approach benefits from
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operational sinplicity and centralized nmanagenent, and it aligns well
with existing cloud conmputing practices.

However, centralized inference deploynment also exhibits limtations.
Routing all inference requests to a |limted set of |ocations can

i ncrease end-to-end | atency, particularly for users far fromdata
center locations. Centralized processing may create scalability
bottl enecks during demand spikes, and it can increase network traffic
as raw data has to be transmtted over w de-area networks. In
addition, transferring user data to centralized |ocations may raise
privacy, regulatory, or policy concerns in certain environnents.

2.3. Energing Capabilities in Mdel Deploynent

Recent advances in deep |earning have enabled inference capabilities
to be packaged in nodels of varying size, conplexity, and
speci al i zation. Techni ques such as nodel conpression, quantization,
distillation, and task-specific fine-tuning allow smaller nodels to
approxi mat e the behavior of |larger nodels for specific tasks or
domai ns. These devel opments make it possible to deploy inference
nmodel s on a broader range of platforns and | ocations, including

regi onal servers and edge devi ces.

As a result, inference capability is no longer inherently tied to a
smal | nunber of |large data centers. Instead, it can be distributed
across multiple layers of the network, with different nodel s
providing different |evels of capability and performance. This
flexibility creates opportunities for architectures that place

i nference closer to data sources or users while retaining access to
nmor e capabl e nodel s when needed.

2.4. Architectural Challenges

Despite these advances, several architectural challenges remain
unaddr essed by existing depl oynent paradi gm

* Capability Placenent: Determ ning where different inference
capabilities should be deployed to bal ance | atency, accuracy,
resource usage, and operational cost.

* Request Selection and Steering: Sel ecting appropriate nodel
i nstances for individual inference requests based on task
requirenents, locality, and system conditions.

* Scalability: Supporting | arge and dynam c inference demand wi t hout
i ntroducing centralized bottl enecks.
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* Data Locality and Privacy: Liniting unnecessary data novenent
whil e neeting privacy and regul atory requirenents.

* (Operational Heterogeneity: Mnaging inference services across
di verse hardware platfornms, network conditions, and adm nistrative
domai ns.

These chal l enges notivate the need for a new architectural framework
that treats inference capability as a distributable, cacheable, and
sel ectable entity within the network, rather than binding inference
execution to a small number of centralized |ocations.

3. Intelligence Delivery Network Franmework

This section presents the architectural framework for Intelligence
Delivery Network (IDN). The framework describes how i nference
capabilities are organi zed, depl oyed, and sel ected across

i nt erconnected nodes, and how t hese conponents relate to one anot her
at a conceptual |evel

3.1. Design Principles
The IDN franmework is guided by the followi ng design principles

* Capability-Centric Delivery: Inference capability, encoded in
trained nodels, is treated as a first-class entity that can be
depl oyed, selected, and reused independently of specific conmpute
resources

* Hierarchical and Distributed Deploynent: |nference capabilities
are depl oyed across multiple layers of the network, including
centralized data centers, regional infrastructure, and edge
devi ces, to bal ance performance, cost, and scalability.

* Locality Awareness: Placenent and sel ection of inference
capabilities should account for network proximty, data locality,
and | atency sensitivity.

* Reuse and Efficiency: The franmework encourages reuse of inference
results, internediate representations, and distilled capabilities
to reduce redundant conputation and unnecessary data novenent.

* |ncremental Evolution: The franmework accommodates continuous
evol ution of inference capabilities, including updates,
speci al i zati on, and repl acenent, w thout requiring gl oba
r edepl oynent .
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At a high level, an IDN consists of a set of interconnected nodes
capabl e of hosting and executing inference nodels. These nodes may
belong to different adm nistrative domai ns and may operate under

di verse hardware and network conditions. Each node may host one or
nore i nference capabilities, represented by trai ned nodel s.
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3. 4.
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I nference requests enter the IDN fromclients or upstream systens and
are directed to appropriate nodes based on capability requirenents
and operational considerations. Rather than uniformy forwarding
requests to a centralized | ocation, the |IDN enabl es sel ecti on anong
mul ti pl e candi date nodes that offer suitable inference capabilities.

The architecture allows inference capabilities to be replicated,
cached, or specialized at different |ocations. Popular or frequently
i nvoked capabilities may be depl oyed closer to request sources, while
| ess frequently used or nore conplex capabilities may remain
centralized

I nference Capability Representation

In the DN framework, inference capability refers to the ability of a
nmodel to performa particular class of inference tasks with defined
accuracy, |latency, and resource characteristics. Capabilities my
differ in scope and conplexity, ranging from general - purpose nodel s
to highly specialized or task-specific nodels.

I nference capabilities may be derived fromlarger nodel s through
techni ques such as distillation, conpression, fine-tuning, or
specialization. 1In addition, analysis of usage patterns across users
or applications may identify frequently invoked tasks or “hot”
capabilities. Such capabilities can be deconposed or extracted from
more general mnodel s and represented as smaller, specialized nodel s
that retain task-1evel accuracy while reducing conputational and
menory requirenents.

Each inference capability is associated with a set of descriptive
attributes, such as supported tasks, expected resource usage,
accuracy characteristics, performance profiles, and update frequency.
These attributes provide an abstract description of the capability

i ndependent of its deploynent |ocation and serve as inputs to

pl acenment, distribution, and request sel ection decisions within the

| DN.

Capability Placement and Distribution

The I DN franmework separates the concept of capability placenment from
i nference execution. Placenent refers to decisions about where

i nference capabilities are deployed within the network, while
execution refers to the processing of individual inference requests
by depl oyed capability instances.

Based on capability attributes and observed demand, capabilities may

be proactively deployed in anticipation of expected usage or
dynanically replicated in response to changi ng access patterns.
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Frequently used or | atency-sensitive capabilities nmay be placed
closer to inference request sources, such as regional or edge nodes,
while less frequently used or nore resource-intensive capabilities
may remain at centralized | ocations.

The ability to represent popul ar or task-specific capabilities as
smal | er nodel s enabl es sel ective distribution of such capabilities to
| ocations closer to users. This approach allows the framework to
reduce inference | atency and resource consunption while preserving
access to larger, nore general nodels when higher capability is
required. The placenent and distribution of inference capabilities
are conceptual | y anal ogous to the distribution of popular content in
Content Delivery Networks (CDNs).

The framework allows multiple capability instances providing the same
task to exist at different locations, potentially with different
operational characteristics, enabling flexible trade-offs anpbng
performance, cost, and scalability.

I nference Request Handling

When an inference request is issued, the IDN framework enabl es

sel ection of an appropriate capability instance based on factors such
as task requirements, locality, availability, and current system
conditions. This selection may involve an explicit or inplicit
request resolution step, in which a client or internediary is
directed to an appropriate |IDN node that hosts a suitable inference
capability. Such resolution may be perfornmed using existing Internet
mechani sns or application-layer services.

The framework does not prescribe specific routing or selection
mechani sms.  Instead, it defines the architectural context in which
such mechani snms operate, enabling flexible request steering across
distributed capability instances.

Caching and Capability Reuse

To inprove efficiency and scalability, the IDN framework supports
caching and reuse at multiple levels. Inference results or
intermedi ate representations nmay be reused across simlar requests,
including requests fromdifferent users, when appropriate [KVShare].
Thi s reuse can reduce repeated conputation for common or popul ar

i nference tasks.

Caching and reuse decisions are influenced by factors such as

wor kl oad characteristics, resource constraints, and consi stency
requirenents.
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Model Evol ution and Lifecycle

Inference capabilities within an IDN are expected to evol ve over
time. Models may be updated, replaced, refined, or specialized as
new data beconmes avail abl e, as usage patterns change, or as
application requirenents evolve. The framework supports increnental
updat es and the coexistence of nmultiple capability versions, enabling
gradual transitions rather than requiring global or disruptive

repl acenents.

Model evolution may be driven by nmultiple sources. Updates can be
produced centrally, for exanple through cloud-side retraining,
refinement, or distillation of nodels, and subsequently distributed
to appropriate locations within the IDN. In addition, where
permtted by policy and regul atory constraints, inference
capabilities deployed at edge or near-user |locations nay be locally
adapt ed using user-provided or locally observed data. Such |oca
adaptation may follow federated or privacy-preserving |earning
approaches, in which locally derived updates contribute to gl oba
nmodel inprovement without requiring raw data to | eave the |oca

envi ronnent .

Li fecycl e managenent of inference capabilities includes depl oynent,
updat e, versioning, deprecation, and renmoval. Different versions of
a capability may coexist at the same or different |ocations, allow ng
the framework to bal ance stability, perfornmnance, and innovation

VWil e this docunent does not specify how |ifecycl e managenent
processes are inplenented, it assunes that nechanisns for controlled
rollout, conpatibility nmanagenent, and rollback are necessary to
ensure operational stability and consistency within an | DN

Ter m nol ogy

This section defines the term nol ogy used throughout this docunent.
The terns defined here are intended to provide a conmon vocabul ary
for discussing | DNs.

Phrases in upper-case refer to other defined ternmns.

CACHE AND REUSE

CACHE AND REUSE refers to nechani sns that reduce redundant inference
execution by reusing inference results, internediate representations,
or derived capabilities across multiple requests or users. Caching
may apply to conplete inference outputs or to partial results,
dependi ng on workl oad characteristics and policy constraints.

CAPABI LI TY DI STRI BUTI ON
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Li,

CAPABI LI TY DI STRIBUTION refers to the di ssem nation of | NFERENCE
CAPABI LI TIES or their derived forms across | DN nodes. Distribution
may involve replication, specialization, or relocation of
capabilities to support denmand and performance objectives.

CAPABI LI TY PLACEMENT

CAPABI LI TY PLACEMENT refers to the process of determ ning where

| NFERENCE CAPABI LI TI ES or MODEL | NSTANCES are depl oyed within an | DN
Pl acenent deci sions may consi der factors such as demand, locality,
resource availability, and operational cost.

| DN

Intelligence Delivery Network. IDNis a network architecture in
whi ch | NTELLI GENCE, encoded in deep |earning nodels, is deployed,
di stributed, and sel ected across interconnected nodes to serve

| NFERENCE REQUESTS. An | DN enabl es | NFERENCE CAPABI LI TIES to be
pl aced at different locations in the network and sel ected based on
task requirements, locality, and operational conditions.

I DN NODE

A network-accessible entity that hosts one or nore MODEL | NSTANCES
and is capable of executing | NFERENCE REQUESTS. |DN nodes may be

|l ocated in cloud data centers, regional infrastructure, or edge
environments and may operate under different adm nistrative domains.

I NFERENCE CAPABI LI TY

The ability of a nodel to performa defined class of inference tasks
with specified accuracy, performance, and resource characteristics.

| NFERENCE CAPABI LI TY may be provided by a single nodel or by a set of
rel ated nodel artifacts derived froma comon source

| NFERENCE REQUEST

A request to performinference using a specified or inplied | NFERENCE
CAPABI LI TY on provided input data. An | NFERENCE REQUEST may i ncl ude
task-specific paraneters, quality requirenents, or constraints

rel evant to capability selection

| NFERENCE REQUEST STEERI NG
The process of selecting and directing an | NFERENCE REQUEST to an
appropriate MODEL | NSTANCE within an IDN. Steering decisions may

take into account task requirenments, proximty, system|oad, and
policy constraints.
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| NTELLI GENCE

I NTELLI GENCE refers to | NFERENCE CAPABI LI TY encoded in a trained deep
| earning nodel. This includes the ability to perform specific tasks,
reasoni ng functions, or predictions based on input data. |In this

docunent, |INTELLIGENCE is treated as a distributable and reusabl e
capability.

MCDEL EVOLUTI ON

MODEL EVOLUTI ON descri bes the process by which | NFERENCE CAPABI LI TI ES
change over tine, including updates, specialization, replacenent, or
deprecation of nmodels. Moddel evolution may result in nultiple
versions of a capability coexisting within an | DN

MCDEL | NSTANCE

A depl oyed realization of an | NFERENCE CAPABILITY at a specific
network node. Miltiple MODEL | NSTANCE may provide the same | NFERENCE
CAPABI LI TY and may differ in operational characteristics such as

| at ency, capacity, or availability.

Security, Privacy, and Trust Considerations

I DNs introduce new security, privacy, and trust considerations by
distributing inference capabilities and processing across multiple
network | ocations and administrative domains. This section discusses
these considerations at an architectural |evel

Data Privacy and Locality

I nference workl oads frequently operate on user-generated or user-
specific data, which may be sensitive in nature. Transmitting such
data across the network to centralized | ocations can raise privacy,
regul atory, or policy concerns. |IDNs nmay nmitigate sone of these
concerns by enabling inference to be perforned closer to data
sources, thereby reducing unnecessary data novenent.

However, distributing inference capabilities across nultiple nodes
al so increases the nunber of |ocations where data may be processed.
Thi s expansi on of the processing surface requires carefu

consi deration of data handling policies, access controls, and
compliance with applicable regulations. The IDN framework does not
mandat e specific privacy nechani sns but assumes that privacy

requi renents influence capability placenment and request steering
deci si ons.
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Model Integrity and Authenticity

Inference capabilities in an IDN are encoded in trai ned nodel s that
may be distributed, replicated, or derived across the network.
Ensuring the integrity and authenticity of these nodels is critical,
as tanpered or malicious nodels could produce incorrect or harnful

i nference results.

Architectural considerations include the ability to verify that a
capability instance corresponds to an authorized and unnodified
nodel , and to ensure that nodel updates or derived capabilities
originate fromtrusted sources. The framework assunes the existence
of mechanisns to support nodel provenance and integrity, but does not
speci fy how such nechani sns are inpl ement ed.

Trust Across Adm nistrative Domains

I DNs may span nultiple adm nistrative donains, particularly when

i nference capabilities are depl oyed across cloud, edge, and user-
managed environnents. In such scenarios, each adninistrative domain
may operate under distinct operational policies, trust assunptions,
and security controls. As a result, inference requests and inference
capabilities may traverse trust boundaries, requiring explicit

consi deration of trust relationships anong participating entities.

Trust considerations include determ ning which nodes are permitted to
host or execute specific inference capabilities, which entities are
authorized to distribute or update nodels, and under what conditions
i nference requests may be forwarded across donains. The | DN
framewor k assunes that trust relationships influence capability
distribution and request steering, but does not define trust

est abli shnent or enforcenent nechani sns.

I nference Result Reuse and |sol ation

Cachi ng and reuse of inference results or internediate
representations can inprove efficiency and scalability, but may

i ntroduce security and privacy risks if not properly managed. Reuse
across different users or contexts may | ead to unintended information
di sclosure or inference of sensitive attributes.

Architectural considerations include ensuring appropriate isolation
bet ween i nference contexts, defining conditions under which reuse is
perm ssible, and preventing cross-user data | eakage. The franmework
treats reuse as an optional optinzation whose applicability depends
on workl oad characteristics and policy constraints.
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5.5.

Avail ability and Abuse Considerations

As inference capabilities become nore widely distributed, |IDN nodes
may be exposed to abuse, m suse, or denial-of-service attacks.
Concentration of popular capabilities at specific nodes may create
attractive targets for attacks that aimto degrade service
availability.

The I DN framework recogni zes the need to consider resilience and
robustness in the presence of such threats, including the ability to
distribute load, replicate capabilities, or redirect requests in
response to failures or attacks.
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