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T H E  S T A R T I N G  P O I N T

Agents act independently — and their action decisions can conflict

Across a shared network, agents decide and act on the same entities, resources and objectives. Independent decisions can prove mutually inconsistent 

— in several distinct ways. Resolving that is coordination.
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Agent

Agent

Agent

W H ER E  A CT I ON S M E ET

Same entity ·  resource  ·  
objective

independent actions can be mutually 

inconsistent

in several distinct ways →  hard · soft · 
ordering · impact · intent

Coordination

resolve the conflict — or, better, 
prevent it from ever arising

Conflict and coordination are two descriptions of one thing:  a conflict left standing between agents is simply coordination the architecture never put in 

place. So the whole talk is one question — what coordination to install, and where.
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W H E R E  C O N F L I C T  L I V E S

The conflict surface tracks action, not cognition

Action-bearing agents observe, analyse, decide and act on shared state, so any action can collide with another's or with standing policy. Acting on their own 

initiative, they commit to actions that cannot all hold at once — in five structurally distinct ways:
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S O UR C E S

Hard contradiction
Cannot both hold — no plan satisfies both. Intent throughput ceiling < 5 Mbps vs floor > 8 
Mbps on one cell.

→ Refuse · return · priority

Soft contradiction
Pull against each other, not flatly irreconcilable — the common case. Bandwidth floor vs cost 
ceiling. Sub-cases: resource contention · objective trade-offs.

→ Balance · negotiate · price

Action & ordering Outcome turns on who goes first — serialisability on a shared entity. → Sequence · concurrency control

Impact-level
Actions on different entities; one's downstream effect erodes the other (a tilt undone by 
power-save). The hardest.

→ Digital twin · post-hoc assessment

Intent vs non-intent
An intent action meets a standing policy or manual config — no counterpart to bargain with; 
the constraint simply is.

→ Lift to intent · precedence
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T H E  S P L I T  T H A T  M A T T E R S  M O R E

Inspectable vs. emergent — this cuts across all five

For choosing a mechanism, this matters more than which of the five a conflict is: does it show on inspection, or only when the system tries to fulfil 

every intent together?
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S O UR C E S

I N S P E C T A B L E

Shows on inspection of specifications, intents and plans.

Leans here:  hard · action-ordering · intent-vs-non-intent

Remedy → pre-commitment checkers

E M E R G E N T

Surfaces only while a joint fulfilment is being sought — betrayed by its 

own non-fulfilment.

Leans here:  soft · impact-level  (the dominant cases)

Remedy → exploratory search before commit + assessment after

The design consequence:  an architecture built only for the inspectable case is weakest exactly where it can least afford to be — the emergent case dominates 

live operation.
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T H E  L A N D S C A P E

Ten families of coordination mechanism

Ordered by how much central control each exerts. None stands alone in practice — the question is how they combine.
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M E C H AN I S M S

MOS T DIRECTIVE   —————————————————————————————————————— L IGHTES T TOUCH

Directive authority

Imperative arbitration

coordinator settles: priority, override, partition, serialise

Normative regulation

permissions, prohibitions, obligations bound what agents may do

Structured reconciliation

Utility reconciliation

weighted aggregate of per-intent utilities

Negotiation

offers & concessions — FIPA ACL, Contract Net

Argumentation

arguments for/against, defeat modelled — when reasoning must 
stand up

DCOP

weighted constraints across agent-owned variables

Social choice / voting

aggregate symmetric peers — a building block

Decentralised & adaptive

Markets & pricing

bids → clearing → allocations; private valuations

Multi-agent RL

coordination learned — adaptable, weak guarantees

C ROS S-C UTTIN G   Digital-twin exploration  — rehearse candidate joint actions on a twin; commit only survivors. A gate before commitment, and the ground on which the other

families rank what's left.
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C O M P O S E  R A T H E R  T H A N  C H O O S E

One composable default — three legs that back each other up

No real architecture leans on a single family. Make composition the stated default.
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C OM P O S I NG

candidate actions from agents

1
Normative envelope  (guardrail layer)

permissions · prohibitions · priorities · partitions — bounds what may even be proposed. Prevention as much 
as cure.

2
Decision mechanism(s), by conflict type

utility · market · negotiation · DCOP · argumentation · imperative arbitration — chosen per the taxonomy.

3a
Exploratory leg  (before commit)

digital-twin actuation — vet and rank candidates; drop the dangerous ones.

3b
Diagnostic leg  (after commit)

impact assessment; fall back to last-known-good; page an operator for what still slips through.

committed action

WH Y A LL  THR EE

A mechanism without exploration is fragile 
against emergent conflict; exploration 

without a fence is unbounded; a diagnostic 

leg on the front line is an expensive net.

ONLY THE MIDDLE  LEG CHA NGES

ETSI ZSM 016, ZSM 019 and Lovén et al. each 

instantiate the same three legs — same 

envelope, same exploratory and diagnostic 

legs.

Put coordination where the information 

already is — centralise locally within a 

domain; lighter machinery between 

boundaries.
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T H E  C A S E  I N  V I E W

The NMA architecture shapes where conflict can manifest —
and may constrain how coordination measures may be applied
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I E T F  NM A

draft-zhao-nmop-network-management-agent

“AI based Network Management Agent (NMA): Concepts and Architecture”

IETF NMOP · Work in Progress

an AI-driven NMA for Level-4 autonomy

THE  ARCHITECTU RE — AN AI-EXPLIC IT OBSERV E·ANALY SE·DECIDE·ACT LOOP

Perception Reasoning Planning Action

+ knowledge & memory · an A2A interface to peer NMAs and non-AI components

It overlaps the role of the ZSM closed loop — different vocabulary, largely the same 

concerns. We read its “SDN controller” as a ZSM Management Domain, to align 

the analysis with the ZSM corpus.

WHY WE BRI NG IT  F ORWA RD

How the architecture is drawn decides two things:

Where conflict can manifest — new opportunities open 

at the decide loci, the NMA–MD boundary, and above all 

the A2A interface between NMAs.

Which coordination measures apply — placement can 

constrain what is even usable; some measures fit only 

certain arrangements.

That is the case the rest of this talk works through.
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C O O R D I N A T E  T H E  D E C I S I O N S ,  B E F O R E  A C T I O N

How you coordinate depends on the method and the structure

Coordination links agents' decisions before they commit to action. The conflict case sets the method — which mechanism family; how the NMA sits 

relative to the Management Domain sets where the decision is taken. Five structural cases:
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I E T F  NM A

A NMA above MD

hands intents down; conflict both 
at A2A and at the NMA-MD 
boundary — needs a feedback 
path

B NMA & MD as peers

both change the same entities; 
the draft's implicit default —
transitional, hardest to 
coordinate

C NMA inside MD

a service inside the MD — reuses 
existing ZSM machinery

RECOMMENDED

D Federated across MDs

NMAs coordinate across domains 
— markets & inter-domain 
negotiation live here

E Layered across strata

an E2E-layer NMA above per-
domain MDs, with vertical A2A

M E T H O D  F O LL O W S  S T R U C T U R E — T H E M A P P I N G  T H E  D RA F T D RA W S

Imperative arbitration · normative regulation → native to the MD — Model C, resolved intra-MD

Markets · pricing → peers with private valuations & a resource layer — Model D

Utility · negotiation · argumentation · DCOP → intra-MD (C), or across the A2A interface (D, E)

Digital-twin exploration → the widest scope at which the joint action can be simulated
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R E C O M M E N D A T I O N S  T O  T H E  I E T F  N M A  W O R K

Six recommendations

Deepen the draft's agent-coordination dimension to match its Level-4 autonomy ambitions.
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R E C O M M E ND A T I O NS

R1 Adopt an explicit conflict taxonomy at A2A
the five types, at both the NMA-vs-NMA and NMA-vs-MD surfaces — rather than re-deriving 

a parallel one.

R2 Make A2A the locus for detection, resolution AND feedback
hooks for pre-execution detection, for resolution, and for feedback from MD-internal loci. 

Feedback MUST NOT flow only top-down.

R3 Adopt NMA-inside-MD (Model C) as the default
the ZSM-020-locked positioning — keeps IETF NMOP and ETSI ZSM structurally aligned. Resist 

defaulting to peers (Model B).

R4 Layer conflict handling across MD topology
four distinct cases — intra-MD services, intra-MD peer A2A, inter-MD A2A, the NMA-MD 

boundary — not one undifferentiated A2A.

R5 Pick a small initial mechanism set, with extension hooks
arbitration, utility reconciliation, negotiation, normative regulation to start; markets, 

argumentation, DCOP, MARL, twin as extensions.

R6 Read “SDN controller” as “ZSM Management Domain” adopt the MD vocabulary; name the domain-MD vs E2ES-MD distinction where it matters.

T H E  Q U E S T I O N  T H I S  L E A V E S  F O R  T H E  N M A  W O R K

Do inter-agent interface models need to include anything specific to coordination?
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