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Abstract

This position paper argues that delegated AI must be evaluated and governed by transaction closure, 
rather than mere task completion. Agent economies emerge when AI systems execute externally 
binding commitments—such as purchases, bookings, or procurement orders—on behalf of authorized 
principals. Safe delegation at this boundary requires environments that support bounded mandates, 
reversible lifecycle states, verifiable receipts, and contestable f ailures. While AI-native platforms 
rapidly advance action closure, mature super-app ecosystems and enterprise suites currently offer 
the clearest testbeds for the payment, refund, and liability semantics required for true transaction 
closure. This work contributes a formal definition of transaction closure, minimal schema objects 
for transaction-ready delegation, a comparative ecosystem analysis, a principal-facing mandate-card 
model, and ClosureBench—a benchmark design for evaluating authorization, split states, recovery, 
and portability. The long-run goal is contestable transaction closure: portable infrastructure where 
delegated commitments can be inspected, challenged, and repaired beyond any single host.

Keywords: agent economies; delegated AI; transaction closure; action closure; super-app ecosystems; 
agentic AI; contestable transaction closure; AI governance; ClosureBench; typed mandate; receipt 
graph

1. Introduction
Delegated AI requires transaction closure. Agent economies will be defined not by models

that browse, reason, or call tools well, but by environments where agents can safely create, reverse,
explain, and repair externally binding commitments on behalf of authorized principals.

This paper uses agent economies in the plural because delegated commitment will not emerge as
one uniform market. Consumer super-apps, enterprise procurement systems, public-service portals,
cloud and software operations, AI-native work surfaces, and protocol-native agent markets each
expose different authority, settlement, receipt, and recovery problems. The common unit of analysis is
the delegated commitment: an action that can bind a principal to consequences outside the conversation.

Consider four examples. A traveler may ask an agent to book a refundable flight, arrange ground
transport, stay below a budget, cancel if the itinerary changes, and preserve proof for reimbursement.
A procurement officer may ask an agent to compare vendor quotes, issue a purchase order within
policy, track delivery, and dispute non-performance. A cloud operator may authorize an agent to
provision compute under a budget cap, roll back failed deployments, and preserve audit logs. A public-
service applicant may authorize an agent to complete a form, pay a fee, schedule an appointment, and
escalate if the case is rejected. In each case, the challenge is not finding a webpage or invoking a tool.
The agent must interpret a bounded mandate, compare options, reserve scarce capacity, commit or
withhold payment, react to drift, preserve receipts, cancel or reverse failed commitments, and escalate
when constraints conflict. Figure 1 illustrates this continuum from single-task apps to mature agent
economies, while Table 1 provides the definitions for key concepts discussed throughout this work.
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Figure 1. Argument map. The structural continuum from traditional apps to agent economies. While integration
creates super-app ecosystems and AI delegation enables transaction-entry surfaces, viable agent economies emerge
only when environments guarantee completion, transaction, and recovery closure for delegated commitments.

Table 1. Key-terms definitions.

Key term Definition used in this paper Source status

AI agent / agentic AI
A goal-directed AI system that can plan, use tools, interact with environments, and act under some level
of autonomy or oversight.

Aligns with recent agent reports and governance taxonomies
[1–6].

Agent economies
Repeated settings in which AI agents, humans, organizations, services, platforms, or other agents
coordinate over authority, commitments, settlement, reversibility, receipts, liability, and redress.

Our substrate-agnostic use of agent-economy,
virtual-agent-economy, and governance discussions [7–12].

Super-app ecosystem
A hosted multi-service environment with shared or partially shared identity, discovery, payment,
messaging, complementor participation, and host governance, often through mini-apps or adjacent
service modules.

Based on the super-app and digital transaction-platform
literature [13–18].

Transaction-entry
surface

A strategic entry surface that aims to become the default starting point for delegated workflows,
regardless of whether it began as a super-app, social network, enterprise suite, operating-system layer,
protocol market, or AI-native work surface.

Product and strategy category; public examples include Grab,
Paytm, X, and AI-native trajectories [19–22].

Delegated commitment
An externally binding action taken by an agent under a principal’s mandate, such as a purchase, booking,
official submission, procurement order, cloud-resource action, cancellation, refund request, subscription
change, service-level claim, or dispute.

Proposed term, grounded in delegation, identity, payment, and
principal-agent work [23–26].

Transaction closure
The environment-side ability to represent bounded authority, move commitments through reversible
states, preserve evidence, and route failures into recovery.

Proposed term; motivated by agent-infrastructure,
authenticated-delegation, and payment-policy research
[23–25,27,28].

Typed mandate
A machine-readable delegation object specifying principal, agent, task class, budget or resource cap, time
window, service scope, data scope, revocation, and escalation.

Proposed object; grounded in authenticated delegation and
identity work [23,24,29,30].

Receipt graph
A linked trace connecting mandate, action, payment or service state, communication, outcome, and
recovery events.

Proposed object; inspired by provenance and audit-trace
concepts [27,31,32].

Contestable transaction
closure

Transaction closure in which mandates, receipts, and unresolved case state can be inspected, challenged,
and exported beyond one host.

Proposed governance requirement; motivated by portability,
privacy, and competition concerns [33–36].

Transaction-ready
ecosystem

A digital environment that can carry state across services, represent scoped authority, settle and reverse
commitments, preserve evidence, allocate responsibility, and route failures into redress.

Proposed synthesis; grounded in agent infrastructure, platform
ecosystem, and digital-infrastructure work [27,37,38].

This transition is critical as machine learning moves from content generation toward goal-directed
interaction in environments. Benchmarks such as AgentBench, Mind2Web, WebArena, OSWorld,
AndroidWorld, and MobileWorld evaluate long-horizon behavior across websites, operating systems,
and mobile apps, while evaluation work increasingly warns that deployment requires metrics beyond
task success [39–45]. Those benchmarks are necessary, but they still understate the environment
problem. Planning does not inherently create budget caps, resource limits, settlement callbacks,
refunds, dispute pathways, liability allocation, or proof of what the principal authorized.

2. Transaction Closure: A Formal Object for Agent Evaluation
Here, transaction extends beyond payment. A workflow is transactional whenever the agent can

create or modify an external commitment: buying something, reserving capacity, scheduling transport,
paying a fee, filing a form, issuing a purchase order, provisioning paid compute, entering a service
contract, cancelling a booking, initiating a refund, or disputing a failed commitment. Payment serves
as the prime example because its authorization and commitment boundary is especially visible, but
the broader research problem centers on externally committing action.
Definition 1 (transaction closure). For a delegated workflow w, principal mandate m, agent a, and
environment E, E has transaction closure for (w, m, a) if it can: (i) represent the principal’s authority
and constraints in a machine-usable mandate; (ii) transition external commitments through explicit
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lifecycle states; (iii) link authorization, action, payment or service state, communication, and outcome
into a receipt graph; (iv) support cancellation, refund, dispute, compensation, or human escalation
when the workflow fails; and (v) export or hand off the unresolved case without losing authority state
or evidence. A minimal lifecycle, defined in Equation 1, is

L = {PROPOSED, HELD, AUTHORIZED, COMMITTED, FULFILLED,

CANCELLED, REFUNDED, DISPUTED, COMPENSATED, ESCALATED}.
(1)

Crucially, this definition centers the environment. The same model can be safe in a high-closure
environment and unsafe in a thin one.
Definition 2 (contestable transaction closure). Transaction closure is contestable when the mandate,
lifecycle state, receipt graph, and unresolved case state can be inspected, challenged, and exported
without forcing the principal to remain inside one host’s private evidence system. Contestability
remains the target: closure should increase recoverability without turning recoverability into lock-in.

Environment maturity is therefore essential independently of model quality (Table 2). Better
reasoning reduces navigation and planning errors, but it does not generate settlement callbacks, refund
semantics, dispute logs, or portable receipts. Recent research on delegation, identity, payments, and
trajectory-level evaluation points to the same requirement: safe deployment requires infrastructure
around the model, not only inside it [23–25,27,28,32,46].

Table 2. Three closures required for agent economies. The central term is transaction closure because it names the
point where delegated action creates external commitments.

Closure Plain meaning Typical failure without it

Completion closure
(action closure)

Can the agent finish the whole workflow rather than only the first step? Search succeeds, but identity or state is lost across services.

Transaction closure
(commitment closure)

Can the environment safely create, change, and reverse external commitments? Payment succeeds but reservation fails; cancellation or refund
becomes manual.

Recovery closure
(accountability closure)

Can people later see what happened, prove authorization, and repair failure? No linked receipt, no proof of mandate, and no clear escalation
path.

Operationally, a transaction-ready environment must represent what the principal authorized,
which options the agent saw, when an action is merely proposed versus actually committed, which
evidence links the workflow together, who can repair the failure, and whether the case can move
outside the host (Figure 2). Some of these objects already exist informally inside mature super-app
ecosystems. The research challenge is to make them explicit, measurable, auditable, privacy-preserving,
and portable, as summarized by the minimal schemas in Table 3.

Figure 2. The transaction-closure lifecycle. The same agent can look competent or unsafe depending on whether
the environment represents mandates, rankings, commitment states, receipts, recovery, and portability explicitly.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 April 2026 doi:10.20944/preprints202604.1860.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.1860.v1
http://creativecommons.org/licenses/by/4.0/


4 of 22

Table 3. Minimal objects for transaction-ready delegation. The schemas are deliberately lightweight: they
specify what the community should be able to test, standardize, sign, export, or audit without requiring one
implementation.

Object Minimal schema-like fields What must be testable

Mandate object mandate_id, principal_id, agent_id, task_class, budget_or_resource_cap, time_window,
service_scope, data_scope, confirmation_policy, escalation_rule, revocation_endpoint. Whether the agent acts only within bounded authority and stops or asks

again when the mandate envelope is crossed.

Commitment
lifecycle

proposed, held, authorized, committed, fulfilled, cancelled, refunded, disputed, compensated,
escalated, with idempotency and rollback metadata. Whether split states such as payment-without-booking or

cancellation-without-refund are detected and repaired.

Receipt graph mandate_id, action_ids, tool_calls, service_ids, payment_ids, messages, timestamps,
state_transitions, evidence_hashes, recovery_status. Whether humans, auditors, and downstream agents can reconstruct what

was authorized, attempted, committed, reversed, or left unresolved.

Handoff packet case_id, unresolved_branch, current_authority_status, evidence_bundle, responsible_party,
next_safe_action, expiry. Whether recovery can move to a support worker, merchant, regulator, or

another agent without restarting from screenshots.

Policy surface ranking_policy, merchant_admission, fallback_policy, dispute_rules, retention_policy,
export_rules, audit_interface. Whether closure is contestable rather than hidden inside host-controlled

ranking, support, or evidence systems.

The mandate object functions as a signed policy or capability: it is not merely a UI consent event,
but a reusable authority object that downstream services can validate, narrow, revoke, and record. The
receipt graph is similarly not just a log; it acts as the evidence structure that lets a human, merchant,
auditor, or later agent determine whether a commitment stayed within mandate.

Historically, general-purpose technologies create large value only after complementary organi-
zational and infrastructural investments are made [38,47–49]. The same principle applies here. The
complements for agentic AI are not solely memory, tool APIs, or stronger planners. They include
bounded mandates, settlement rails, machine-readable receipts, exception routing, liability allocation,
and ecosystem governance. Consequently, identifying viable agent economies requires analyzing
which substrates already provide these complements under realistic pressure from consumers, firms,
institutions, and machine counterparties.

2.1. Why Super-Apps and AI-Native Agents Converge on the Same Bottleneck

Mature super-app ecosystems are positioned to set early consumer-facing rules for agent
economies by combining three forces rarely present together. First, they possess reach: critical edge-case
failures like merchant refusals, identity mismatches, and cross-border incompatibilities only become
visible across large heterogeneous populations. Second, they feature transaction depth: their work-
flows natively encompass payment, order state, refunds, and support. Third, they exhibit governance
concentration: hosts can define ranking, admission, and dispute policies at the ecosystem level. This
combination normalizes de facto rules before formal standards emerge [11,48,50]. We treat super-
apps not as the desired endpoint, but as a high-volume stress test for the broader transaction-closure
problem.

Ecosystems are converging on this requirement from diverse origins. Weixin/WeChat illustrates
the communication-and-mini-program path enabling high-volume delegation; Grab and Paytm illus-
trate multi-service and payments-first paths [19,20,51–53]. LINE/PayPay, Kakao, GoTo, and PhonePe
extend this pattern across messaging, payments, and everyday services [54–60]. X illustrates a social-
native transaction-entry ambition through Grok and X Money, though currently exhibiting less hosted
service depth than mature super-app ecosystems [61–63].

AI-native agents serve as an action-side stress test, demonstrating that this convergence can
originate from intelligence rather than payments. Codex, for instance, evolved from a cloud-based
software-engineering agent into a broad desktop orchestrator featuring computer use, browsing,
memory, and parallel task execution [64–67]. This exemplifies strong action closure: the system plans,
operates tools, and produces outcomes without constant manual intervention. However, while Codex
is highly capable within repositories or sandboxes, it highlights how quickly action closure can mature
before payment, contract, liability, and dispute frameworks exist around the agent.

Many workflows in such systems lack transaction closure. Externally binding transactions
introduce payment capture, counterparty selection, cancellation windows, identity checks, and rights.
If a pure AI-native surface gains a wallet, merchant network, typed mandates, reversible commitment
lifecycles, dispute routing, and portable handoff objects, it could evolve into a powerful transaction-
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ready agent-economy substrate. This outcome validates the premise that closure, rather than historical
origin, determines readiness. Table 4 details these cases and their missing closure elements.

Table 4. Worked examples. AI-native tools highlight the dynamic: strong delegated action remains insufficient
unless the environment supports commitment, reversal, receipts, and portability.

Case What already works Missing closure Core dynamic

AI-native action systems
(e.g., Codex)

Strong action closure for software work: parallel agents,
repository context, desktop orchestration, computer use,
browsing, memory, plugins, and ongoing tasks.

Payment or contract authority, counterparty identity,
cancellation and refund callbacks, dispute routing,
linked receipts, and liability semantics.

AI-native agents become agent-economy substrates
only after acquiring transaction closure.

AI-native
transaction-entry
candidates

Future AI-native surfaces could become the default
goal-entry interface across work, commerce, travel, forms,
procurement, operations, and daily coordination.

Typed mandates, reversible commitment lifecycles,
receipt graphs, audit export, and portability
safeguards.

If AI-native systems gain these layers, they validate
the premise: closure, not historical origin,
determines rule-setting power.

Mature super-app
ecosystems

Shared communication, mini-program, payment, merchant,
support, and refund layers make high-volume consumer
delegation plausible.

More explicit mandates, agent-readable receipts,
privacy-preserving audit export, and stronger
contestability.

Super-apps are strong early testbeds for the
consumer-facing slice of agent economies, not the
only target architecture.

Enterprise suites /
procurement stacks

Role-based identity, approvals, budgets, procurement
records, audit logs, and administrative controls already
exist in many organizational systems.

Cross-vendor settlement callbacks, external dispute
portability, agent-specific authority objects, and
handoff packets recognized outside the firm.

Enterprise environments may define organizational
agent economies around procurement, compliance,
and operations.

Protocol-native agent
markets

MCP-like tool access and A2A-like coordination can expose
services and compose agents across hosts.

Mandate semantics, settlement lifecycle, liability
allocation, receipt graphs, revocation propagation, and
dispute procedures.

Open protocols can overtake integrated hosts if
they achieve equal closure with stronger portability.

X / Grok / X Money and
social-native challengers

Social distribution, AI assistance, messaging, and payment
ambition create an agent-economy path from a different
starting point.

Hosted service depth, counterparty ecosystem
maturity, refund and dispute semantics, and
transaction-volume evidence.

Social-native challengers can compete by
accumulating the same closure layers as
transaction-heavy ecosystems.

Rule-setting in this domain is operational as well as legal. A high-volume ecosystem sets technical
rules through API contracts and lifecycle states, commercial rules through ranking and support policies,
and legal-facing rules through the evidence available for disputes or compliance audits. Repeated dele-
gated commitments produce stable mandate and settlement semantics, which then become entrenched
through user expectations and counterparty integration, shaping interoperability requirements for
future challengers.

2.2. Comparative Landscape, Risks, and Alternative Architectures

Figure 3 summarizes the comparative landscape. The distinction lies between action closure and
transaction closure. AI-native systems traverse the action axis quickly; mature super-app ecosystems
often begin farther along the transaction axis for consumer workflows; enterprise suites may begin
farther along identity and audit axes; and protocol-native markets may advance portability first. Agent
economies require both.

Figure 3. Action closure and transaction closure operate on separate axes. High-volume agent-economy rule-
setting will emerge where both axes are integrated.

Public evidence aligns with this directional trajectory. Tencent reports extensive Weixin/WeChat
scale alongside high Weixin Pay transaction density; Grab, Paytm, GoTo, LINE/PayPay, Kakao, and
PhonePe exhibit related combinations of communication, payments, and emerging AI layers [51–60,68–
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72]. Ecosystems like OpenAI’s and X demonstrate that AI-native and social-native challengers can
rapidly accumulate action and distribution [22,61–63,67,73,74]. Appendix Figure A1 and Table A1
outline the public data and conversion assumptions.

Maturity encompasses more than scale. Raw distribution does not dictate what an agent is
permitted to commit, how a partially completed workflow rolls back, or which evidence survives
manual intervention. Super-app ecosystems are not the sole plausible substrate, but they remain
among the few environments where consumer discovery, settlement, and support pressures operate
simultaneously at scale. Enterprise suites and public-service portals expose parallel pressures around
role authority and compliance.

Normatively, environments must distinguish between good closure (bounded, reversible, auditable,
portable) and bad closure (opaque, irreversible, locked-in, surveillant). Platform research documents
leakage, inference, and self-preferencing risks at large scale, while agentic-commerce security literature
highlights that failures propagate across reasoning, authorization, and compliance layers [33–36,75–80].
These concerns reinforce the necessity for portability rather than weakening the closure requirement.
Table 5 details these operational implications.

Table 5. Good and bad closure. Contestable transaction closure, rather than platform control, serves as the target
framework across consumer, enterprise, public-service, and agent-to-agent domains.

Closure type Operational meaning Example in delegated transaction

Good closure Mandates are scoped; commitments are reversible where possible; receipts are
machine-readable; recovery can be exported; privacy exposure is minimized.

Agent books a refundable trip under a visible budget, preserves a receipt graph,
cancels after disruption, and exports a dispute packet.

Bad closure Authority is broad; ranking is hidden; commitments are hard to undo; receipts remain
host-private; recovery requires staying inside one platform.

Agent completes a purchase through opaque steering, cannot export evidence, and
leaves the principal dependent on host support.

Threat model.

Transaction closure must address more than model errors. Adversaries and systemic risks
include malicious merchants manipulating inventory, compromised connectors exfiltrating credentials,
prompt-injection attacks, dishonest hosts steering users, buggy non-idempotent retries, and inadvertent
over-delegation. Closure mitigates these harms only if mandates adhere to least-privilege principles,
revocations propagate effectively, receipt graphs remain tamper-evident, and handoff packets provide
adequate evidence without overexposing sensitive traces [75–77,80–83]. Table 6 outlines why common
architectural alternatives do not eliminate the transaction-closure bottleneck.

Table 6. Common architectural alternatives and their relationship to the transaction-closure bottleneck.

Architecture / Objection Significance Resolution

Protocol-first MCP and A2A establish interoperability as a core
engineering framework [84–86].

Tool and agent protocols still require mandate, settlement, receipt, dispute, revocation, and
liability layers. If they achieve comparable closure alongside superior portability, they
become the preferred substrate.

Model-first Enhanced models directly reduce navigation and planning
errors.

Superior reasoning does not instantiate budget envelopes, resource caps, reversal
semantics, linked receipts, or human takeover interfaces.

Enterprise-first Business suites frequently feature robust identity, logging,
procurement rules, and administrative controls.

This is not a refutation but a parallel route: enterprise systems may define organizational
agent economies, while super-apps remain strong consumer-facing testbeds.
ClosureBench should compare both rather than assume one universal substrate.

Privacy / competition Extensive closure can devolve into surveillance, lock-in, and
self-preferencing.

Privacy, portability, ranking audits, and contestability represent structural maturity
requirements, not extraneous caveats.

Personal-agent future On-device agents and secure data vaults may eventually
secure the control layer.

Localized control still relies on shared commitment and recovery infrastructure to process
counterparties, payments, contracts, refunds, reversals, audits, and disputes.

The necessary transition is from thin task-completion benchmarks to portable transaction-closure
infrastructure. The community must extract useful primitives from environments where delegated AI
first becomes operational and embed them into open layers: typed mandates, commitment lifecycles,
receipt graphs, and auditable handoff packets [23,24,27,84–87].

2.3. Principal Control and Benchmarkable Contestability

A transaction-ready environment requires a principal-facing control model. Typed mandates
remain inaccessible if people must read policy code before acting, and they remain incomplete if
organizational principals cannot express role, budget, or compliance constraints. The interface must

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 April 2026 doi:10.20944/preprints202604.1860.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.1860.v1
http://creativecommons.org/licenses/by/4.0/


7 of 22

present control surfaces corresponding to actual delegation failures: permitted actions, requisite re-
authorization triggers, termination mechanisms, and task routing upon failure. Transaction closure
directly intersects with mixed-initiative interaction: principals require sufficient control to prevent
over-delegation without introducing interruptions that cripple the workflow [88–92]. Table 7 details
these control surfaces.

Table 7. Principal-facing controls for transaction closure. Bounded delegation must be understandable, interrupt-
ible, and recoverable.

Control surface Interface function Benchmark requirement

Mandate card Goal, budget, service scope, data scope, deadline, fallback rules, and actions
requiring renewed approval.

Evaluation of whether principals can accurately predict agent permissions and whether the
agent honors those limits.

Escalation triggers Conditions demanding re-authorization: price drift, risky substitution,
non-refundable commitments, identity mismatches, policy conflicts, or failed
partner APIs.

Evaluation of whether the agent interrupts only when necessary while avoiding silent
overreach.

Revocation switch Mechanisms to pause, narrow, or cancel authority during active background
execution.

Evaluation of whether downstream tool calls and commitments definitively halt or roll back
upon revocation.

Receipt digest Explanations of authorizations, completed actions, financial commitments,
and unresolved branches.

Evaluation of whether humans can reconstruct case events without parsing raw execution
logs.

Dispute packet Exportable evidence bundles for support routing, merchant escalation,
regulatory complaints, or inter-agent transfer.

Evaluation of whether recovery proceeds outside the original host environment while
preserving mandate and receipt state.

A practical consumer mandate card might state: “Book a refundable flight to Bangkok on April 30,
total below $400, cancel automatically if ticketing is not confirmed within 10 minutes, and ask me if the
price changes by more than $20.” An enterprise mandate might state: “Renew the database-support
contract only if the annual price stays below the approved budget, the vendor maintains the required
service level, and procurement receives the receipt graph.” A receipt digest following a failure might
read: “Agent compared 12 fares, selected Flight X, requested a hold, payment succeeded, ticketing
failed, and the refund completed after two hours.” This principal-facing operationalization of the
object model in Table 3 renders authority and recovery legible without exposing raw logs.

This establishes a practical distinction between consent and control. A singular up-front confirma-
tion provides inadequate control if the agent encounters subsequent price increases or refund delays.
Conversely, demanding confirmation prior to every tool call reduces autonomy to manual browsing.
The appropriate framework is staged autonomy: the principal authorizes a typed mandate, the agent
operates within it, and the environment mandates renewed approval when commitments exceed the
mandate envelope.

Effective evaluations require workflow families rather than isolated tasks. A comprehensive
travel, commerce, or procurement workflow can be executed under identical mandates across a super-
app ecosystem, an AI-native surface, an enterprise suite, and a protocol-native market. Comparative
analysis should hold the planner constant while varying the underlying substrate. Table 8 outlines the
benchmark families facilitating this evaluation.

These dimensions provide falsifiable benchmark criteria. If an AI-native surface employing open
protocols matches super-app ecosystems across these families absent centralized host control, the
super-app advantage diminishes. Conversely, if a mature super-app fails significantly on revocation,
refund processing, or receipt export, it cannot be classified as transaction-ready. Closure, rather than
brand identity, forms the metric of evaluation.
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Table 8. Workflow families for ClosureBench. The benchmark generalizes beyond consumer tasks to orga-
nizational, public-service, operational, and agent-to-agent commitments while preserving realistic recovery
failures.

Benchmark family Delegated workflow Closure stressors

Travel and mobility Book a refundable trip under a budget, arrange local transport, react to delay, cancel
or rebook if constraints break, preserve receipts for reimbursement.

Price drift, non-refundable fares, booking-payment split, identity mismatch,
disruption recovery, refund latency.

Commerce and returns Find an eligible product, apply coupon or loyalty credit, choose delivery, handle
stockout, manage failed delivery, return item, and track refund.

Substitution policy, duplicate execution, delivery dispute, refund degradation,
evidence continuity across merchant and logistics.

Public-service filing Complete a form, verify identity, book appointment, pay fee, submit evidence, receive
confirmation, and escalate if the case is rejected.

Identity proofing, policy exception, irreversible submission,
proof-of-submission, human takeover burden.

Enterprise procurement Compare vendors, check policy, issue a purchase order, monitor delivery, reconcile
invoice, and dispute non-performance.

Role authority, budget caps, approval chains, vendor accountability, audit
evidence, contract reversal.

Cloud and software
operations

Provision compute, call paid APIs, change infrastructure, roll back failed actions, and
preserve incident or compliance evidence.

Resource-cost overrun, non-idempotent retries, permission scope, rollback,
service-level claims, audit trace continuity.

Subscription and contract
management

Compare plans, cancel, renew, or downgrade within a deadline, avoid unwanted
charges, confirm reversal, and export evidence.

Time-window authority, cancellation proof, recurring-payment state, renewal
terms, dispute route after failed cancellation.

Agent-to-agent service
markets

A user-side or firm-side agent contracts with another agent for data, compute,
logistics, verification, or support under scoped authority.

Counterparty identity, machine-readable terms, settlement, service proof,
dispute routing, replay resistance, liability.

3. Alternative Views
While several alternative perspectives challenge an integrated-substrate approach, they become

persuasive only when accounting for mandate, commitment, receipt, recovery, liability, and portability
semantics.

View 1: Stronger models will make transaction-specific infrastructure unnecessary.

A model-first view argues that improvements in planning, tool use, multimodal perception, and
long-horizon reasoning will let AI agents safely complete workflows over existing web and mobile
interfaces [39–44,93,94]. Response. Better models reduce navigation and interpretation errors, but they
do not by themselves create scoped spending authority, resource caps, idempotent commit/cancel
states, refund callbacks, contract-reversal semantics, or exportable evidence. Those remain envi-
ronment properties; agent evaluations that ignore them risk mistaking successful browsing for safe
delegated commitment [27,32,45].

View 2: Open protocols will bypass super-app ecosystems.

A protocol-first view holds that MCP-like tool exposure and A2A-like coordination will let agents
compose services directly, making integrated hosts less important [84–86]. Response. This view is
directionally compatible with the paper’s normative goal: portable protocols are preferable when
they achieve equal or better closure. The current gap is that tool and agent interoperability must still
acquire mandate objects, settlement callbacks, receipt graphs, dispute routes, and liability semantics
before they can substitute for high-closure transaction environments [23–25,87].

View 3: Personal agents and local data vaults should be the primary substrate.

A user-control view argues that agent economies should start from on-device agents, private user
or organizational profiles, and narrowly shared data rather than from host ecosystems, because inte-
grated platforms create surveillance and lock-in risks [77–79,95]. Response. Local control is essential
for privacy containment, but it does not remove the need for shared commitment infrastructure. A
personal or firm-side agent still needs counterparties, identity providers, payment rails, revocation
propagation, cancellation and refund semantics, service-level evidence, and dispute evidence that
other parties can recognize [23–25,82].

View 4: Enterprise suites, not super-apps, will define the first agent economies.

An enterprise-first view notes that business software often has stronger identity, permissions,
logging, procurement rules, and administrative oversight than consumer apps, making it a more
natural environment for reliable delegation [27,38,96]. Response. Enterprise systems may indeed
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define important administrative and compliance patterns, and this paper treats them as candidate
substrates rather than afterthoughts. The narrower role of super-app ecosystems is empirical: they
expose heterogeneous merchants, payments, logistics, travel, support, refunds, and consumer-facing
redress at everyday scale. Enterprise suites and super-apps therefore reveal different portions of the
same transaction-closure bottleneck [15,16,18–20].

View 5: Regulation, contract law, and consumer law, rather than architecture, will determine safe
delegation.

A law-first view argues that liability rules, consumer-protection duties, procurement rules, con-
tract doctrine, and competition policy will ultimately define how agents may contract, pay, cancel,
refund, procure, file, and dispute on behalf of principals [12,33,36,97]. Response. Legal rules are
necessary, but they need technical evidence and operational hooks. Contestable transaction closure
provides those hooks by making mandates, state transitions, receipts, and handoff packets inspectable
and exportable. Without such artifacts, regulators, courts, auditors, firms, and support teams may
receive screenshots and fragmented support histories rather than reliable proof of authority, action,
and recovery [25,31,32].

View 6: Payment-first or blockchain-based agent markets are sufficient.

A payments-first view suggests that once agents can pay each other or settle through purpose-built
rails, the agent economy can emerge without super-app-style integration [28,46,98–100]. Response.
Payment execution is a necessary component, but transactions fail around more than settlement: iden-
tity mismatches, stockouts, delivery disputes, booking-confirmation splits, procurement exceptions,
cloud-resource overruns, service-level failures, cancellation windows, partial refunds, and recovery
evidence all matter. Payment infrastructure therefore becomes transaction-ready only when it is
embedded in a lifecycle that includes authority verification, fulfillment state, reversal, dispute, liability,
and portable receipts [25,80,82].

4. Research Agenda: ClosureBench and Falsifiable Predictions
Comparative evaluation of candidate substrates for agent economies requires holding model

capability constant. Evaluation must shift from asking whether an agent merely completed a task to
whether it acted within its mandate, avoided unauthorized commitments, detected split states, reversed
failed commitments, preserved receipts, and minimized human recovery burdens. ClosureBench
proposes a benchmark design wherein identical logical workflows run across mature super-app
ecosystems, AI-native surfaces, enterprise suites, open-web stacks, and protocol-native markets,
subject to uniform mandates and failure injections. This isolates environment effects from model
effects (Table 9).

Table 9. ClosureBench: an actionable benchmark design evaluating both environments and models.

ClosureBench component Concrete design Evaluated dimension

Mandate suite Natural-language and structured mandates detailing task class, budget, time window, merchant scope,
data scope, revocation, and escalation rules.

Adherence to bounded authority versus unconstrained
task completion.

Substrate swap Fix planner, principal profile, and goal; vary environment across super-app, AI-native surface, enterprise
suite, open-web, or protocol-native stacks.

Isolation of environment-derived utility and risk from
model performance.

Failure injections Expose systems to price drift, stockouts, booking-payment splits, duplicate executions, partner outages,
identity mismatches, biased steering, prompt injections, and mid-workflow revocations.

Resilience of autonomy against realistic exception paths.

Trace and recovery audit Mandate the generation of formal mandate objects, lifecycle states, receipt graphs, and handoff packets. Reconstructability, challengeability, and reparability by
humans and institutions.

Outcome metrics Track authorization errors, commitment success, split-state rates, reversal success, refund latency, receipt
completeness, human recovery burdens, and portability costs.

Validation of transaction and recovery closure beyond
binary task success.

This paradigm distinguishes optimal-path agents from recovery-capable agents. Optimal-path
agents search, compare, and click under nominal conditions. Recovery-capable agents identify split
states, prevent duplicate executions, process revocations, manage cancellations and refunds, escalate
appropriately, generate robust receipts, and articulate failures when the environment behaves adversely.
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Crucial failures reside not in initial navigation, but in commitment and recovery. ClosureBench tests
whether an agent remains functional after the optimal path deteriorates.

This framework yields five testable predictions. First, environment quality heavily determines out-
comes as workflows increase in irreversibility. Second, strictly scoped delegation mitigates catastrophic
authorization failures more effectively than planner-only enhancements under broad permissions.
Third, the completeness of receipt structures strongly predicts principal trust and human-takeover
efficiency compared to raw final success metrics. Fourth, mature transaction-heavy ecosystems demon-
strate superior performance over thin action surfaces when subjected to failure injections such as price
drift, booking-payment splits, refund delays, identity mismatches, partner outages, and revocation.
Fifth, governance structures directly impact cost efficiency and principal regret independently of
base model capability. These predictions face clear invalidation conditions: if AI-native or protocol-
mediated ecosystems quickly add typed mandates, reversible commitment lifecycles, receipt graphs,
and auditable handoff semantics, or if mature super-app ecosystems fail to reduce human rework
under exceptions, then the projected near-term advantage diminishes significantly [27,32,84–86].

5. Conclusions
Agent economies require AI systems that can safely create, reverse, explain, and repair externally

binding commitments. Mature super-app ecosystems provide strong near-term consumer-facing
testbeds by merging extensive action surfaces with settlement, receipts, complementor governance,
and redress at scale; enterprise suites expose organizational identity, approval, audit, and procurement
constraints; protocol-native markets foreground interoperability; and AI-native agents such as Codex
demonstrate the rapid convergence of action closure toward this terrain. The imperative is to extract
the functional primitives from early operational environments and implement them as portable
infrastructure: typed mandates, reversible commitment lifecycles, receipt graphs, auditable handoffs,
liability-aware recovery, and contestable governance. Proactively establishing this infrastructure
prevents accidental defaults and transforms the super-app-to-agent-economy transition into an open,
accountable foundation for delegated AI.

Acknowledgments: Funding in direct support of this work: RIE2025 Industry Alignment Fund (Award
I2301E0026) and the Alibaba–NTU Global e-Sustainability CorpLab.

Appendix A. Additional Data and Convergence Signals
Company disclosures provide motivating evidence for the convergence of high-volume action,

settlement, and agentic layers, especially in consumer-facing ecosystems. Appendix Figure A1 offers a
comparative visualization, acknowledging differences in user denominators, reporting cadences, and
GMV scopes. Rounded exchange rates are used strictly to establish a common visual scale for value
flows.

Appendix B. Extended Literature Map and Scope Clarifications
The broader bibliography spans multiple disciplines. Classical AI, browser-assisted agents, and

safe-autonomy literature establishes the agent as a goal-directed system under constrained authority
[102–109]. Regulatory, market-design, fintech, and payment frameworks detail liability, execution
semantics, and economically meaningful delegation [97–100,110–113]. Super-app and service-bundling
studies map integrated consumer platforms across geographies, highlighting transit utilization, service
synergy, and localization [114–122]. Platform, ecosystem, and service-innovation theory characterizes
complementors, boundary resources, and network effects, demonstrating how closure operates as
either portable infrastructure or host-specific control [123–130]. Super-app privacy, compliance, and
public-market data contextualize the empirical landscape [95,131–138].
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Figure A1. Public convergence signals. Panels (a)–(c) indicate scale; panel (d) assesses functional layers of
agent-economy readiness [22,51–64,66–74,101]. Filled circles denote substantial public evidence; half-filled circles
denote emerging or partial evidence. Context outside panels (b)–(c): Apps in ChatGPT can reach 800M+ users,
Codex has 3M+ weekly developers, and PhonePe reported 600M active users.

Table A1. Derived quantities informing Figure A1.

Ecosystem Transformation used Approx. monthly
USD-equivalent

GMV / GTV

Approx. value per
disclosed user per

month

Interpretation caveat

Weixin Mini Programs RMB 8T / 12 / 7.2 92.6B 84.2
Numerator is 2024 Mini
Program GMV; denominator
is 1.1B+ Mini Program MAU.

Paytm INR 6.2 lakh crore / 3 / 85 24.3B 319.9

Quarterly GMV divided by
monthly transacting users;
payments-heavy mix makes
intensity high.

PayPay USD 100B / 12 8.3B 115.7

Uses Reuters-reported annual
transaction volume and
roughly 72M registered users;
using monthly transacting
users would produce a higher
intensity.

GoTo Rp95.3T / 3 / 15,600 2.0B 84.1
Uses quarterly core GTV and
MTU disclosure from the
same quarterly report.

Grab USD 6.1B / 3 2.0B 40.7
Uses on-demand GMV rather
than full ecosystem value
capture.
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Adjacent work on agentic infrastructure, provenance, and evaluation.

These works are included only where they inform evaluation traces, provenance, workflow gover-
nance, agent-control infrastructure, or portable audit objects for transaction-ready delegation. Harness
engineering and OpenClaw emphasize agent-control frameworks [139] and public agent ecosystems
[140]. Acceptance-test methodologies [141,142] and automated-research structures [143–145] inform
evaluation artifacts such as discovery traces and review pipelines. Furthermore, recommender sys-
tems research directly maps sequential recommendation [146] and preference learning [147] to agent
trajectories [148]. Applied domains including sustainability [149–151], synthetic media [152–154],
and climate-adaptation [155,156] motivate verifiable provenance graphs, lineage markets [157], and
structured workforce governance [158].

Appendix B.1. What Counts as the Agentic AI Wave?

The agentic AI wave denotes the paradigm shift from content-centric foundation models toward
systems pursuing multi-step goals in digital environments via tool integration, memory architectures,
environmental interaction, and bounded autonomy [93,94,159–161]. This progression is tracked across
web, desktop, operating-system, and mobile evaluation benchmarks [39–44,162–172].

Appendix B.2. What Counts as a Transaction-Ready Ecosystem?

A transaction-ready ecosystem is any digital environment that enables a delegated system to
persist state across service boundaries, receive scoped authorization, execute and reverse value trans-
fers, generate machine-readable traces, and route failures into structured redress pathways [23–25,27].
Super-app ecosystems represent one primary instantiation, but not an exclusive one.

Appendix B.3. Why Platform and Ecosystem Theory Matters Here

The construct of the super-app ecosystem is grounded in platform and ecosystem theory addressing
digital transaction costs, multisided governance, boundary resources, and complementor dynamics
[37,96,173–189]. Ecosystem defines the structural substrate, while agent economy describes the repeated
delegated market interactions utilizing that substrate.

Appendix B.4. Why Interoperability Remains Central

Open protocols provide the architectural mechanism by which functionalities demonstrated in
integrated environments transition into widespread utility. MCP addresses model-tool connectivity
and resource access, whereas A2A targets cross-agent discovery, communication, and task coordina-
tion [84–86]. Should these protocols develop robust identity, payment, receipt, and liability layers,
architectural preference will legitimately pivot away from tightly integrated host environments.

Appendix C. Operational Maturity Rubric for Transaction-Ready Ecosystems
Table A2 formalizes substrate-agnostic criteria for assessing integrated ecosystems, enterprise

suites, federated stacks, and protocol-native markets.

Appendix D. Failure Taxonomy for Delegated Transaction Workflows
Transaction-ready environments must be evaluated under failure modes (Table A3), providing an

explicit blueprint for benchmark injections and post-deployment monitoring.

Appendix E. Protocol Decomposition and Portability Targets
Translating integrated testbeds into robust architectures requires decomposing protocols into

portable layers (Table A4).
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Table A2. Operational maturity rubric for transaction-ready ecosystems.

Dimension Low signal Intermediate signal High signal Closure risk if absent

Identity continuity Frequent
reauthentication or
manual account
stitching across
services.

Some account-linked
handoffs, but state
resets under
exceptions.

Shared identity, case
state, and entitlements
persist through
normal and recovery
paths.

Agents lose context at service boundaries;
humans must repeatedly restate intent or
credentials.

Mandate precision Binary allow/deny
permissions or
one-time confirmation
with little semantic
scope.

Budget or merchant
constraints exist, but
time windows,
categories, or fallback
rules remain coarse.

Delegation can bind
actor, task, budget,
category, time
window, revocation,
and escalation
semantics.

Over-broad authority increases catastrophic
spend and makes human oversight
unintelligible.

Spend control Charges happen only
at final checkout with
weak pre-commitment
controls.

Pre-authorizations or
caps exist for some
services, but
cross-service
budgeting is limited.

Holds, staged
approvals, multi-step
captures, and category
caps are supported
across workflows.

Agents either cannot act at all or can commit
value without meaningful least-privilege
safeguards.

Settlement
reversibility

Cancellation or refund
is manual, slow, or
external to the
workflow surface.

Some services support
refunds or reversals,
but partial failures
remain opaque.

Commit, cancel,
partial capture,
refund, and dispute
are first-class
workflow states.

Errors that should be recoverable become
costly or irreversible.

Receipt
completeness

Users receive
fragmented
notifications or
screenshots with little
machine readability.

Some order histories
or case logs exist, but
not all actions are
linked.

Authorization,
execution, reversal,
communication, and
escalation emit linked
machine-readable
traces.

Trust erodes because neither users nor
auditors can reconstruct what happened.

Handoff fidelity Search, booking,
payment, messaging,
and support each reset
task state.

Some cross-service
context persists on the
happy path.

Intent, constraints,
and evidence survive
both normal handoffs
and exception-heavy
recovery flows.

Agents appear capable in demos but collapse
during realistic multi-service workflows.

Escalation routes Human takeover
requires abandoning
the workflow or
switching to unrelated
channels.

Some service-specific
support exists, but
authority and
evidence transfer
poorly.

Human escalation
preserves the
mandate, prior
actions, receipts, and
unresolved branches
of the task.

Partial automation creates new burdens
because recovery starts from scratch.

Complementor
transparency

Ranking, admission,
and fallback rules are
opaque.

Policies exist but are
hard to audit across
services.

Hosts expose legible
rules for ranking,
admission, fallback,
and dispute treatment.

Agents may optimize against hidden steering
or self-preferencing incentives.

Portability Data and receipts are
difficult to export or
reinterpret elsewhere.

Some export tools
exist but omit action
traces or policy
semantics.

Receipts, mandates,
and task state can be
exported or mapped
into portable
representations.

High closure becomes lock-in rather than
transferable maturity.

Privacy
containment

Cross-service actions
are logged broadly
with few user-visible
controls.

Some data
minimization and
disclosure controls
exist.

Granular disclosures,
revocation, scoped
data sharing, and
retention limits
constrain observation.

A powerful testbed becomes socially
unacceptable because surveillance risk scales
with closure.

Ranking neutrality Discovery layers
routinely steer users
toward opaque host
preferences.

Some neutrality
policies exist but
without robust audit
support.

External audits can
test for steering,
self-preferencing, and
unexplained fallback
differences.

Completion gains may conceal
ecosystem-level distortions in user welfare or
complementor opportunity.

External standard
support

The ecosystem speaks
only host-specific
APIs and identifiers.

Limited support exists
for external identity or
tool standards.

Core objects can map
into open standards
for identity, tooling,
coordination, and
audit export.

Lessons learned inside the ecosystem remain
trapped there rather than becoming
infrastructure.
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Table A3. Failure taxonomy for delegated transaction workflows.

Failure mode Example injection Immediate harm Closure primarily
stressed

Representative metric or test

Price drift before
commit

Fare or checkout total
changes after the agent
selects an option.

Budget overrun or silent
deviation from user
constraints.

Transaction closure +
mandate precision

Regret relative to user cap; rate of
unauthorized upward price
acceptance.

Stockout with
substitution

Ordered item becomes
unavailable and the
merchant proposes a
substitute.

Wrong-good delivery or
coercive acceptance of
lower-value items.

Completion closure +
mandate precision

Substitution acceptance accuracy;
post-hoc user regret.

Booking-
confirmation split

Payment succeeds but
reservation, ticket, or
appointment issuance fails.

User is charged without
receiving the intended
service.

Transaction closure +
recovery closure

Mean time to detect split state;
refund latency; receipt linkage
quality.

Duplicate execution Network retries or tool
ambiguity lead to repeated
orders or bookings.

Double charge,
duplicated reservations,
or inventory exhaustion.

Recovery closure +
reversibility

Duplicate rate under retry stress;
idempotency coverage.

Travel disruption Delay or cancellation forces
downstream rebooking,
ride changes, or
reimbursement.

Cascading service
failures and
time-sensitive losses.

Completion closure +
recovery closure

Recovered utility after disruption;
minutes saved; residual
out-of-pocket cost.

Delivery failure Courier cannot complete
delivery or marks the order
delivered incorrectly.

Lost goods, spoiled
goods, or fraudulent
completion.

Recovery closure +
escalation

Successful recovery rate; time to
redress; evidence completeness.

Identity mismatch Merchant, platform, or
public-service endpoint
rejects the user’s identity
state.

Service denial despite
prior workflow
progress.

Completion closure +
recovery closure

Recovery rate after KYC/identity
friction; state persistence through
retry.

Partner outage Mini app, merchant API, or
support channel becomes
unavailable mid-task.

Workflow stalls after
partial commitment.

Completion closure +
escalation

Safe rollback rate; fallback success;
user rework burden.

Prompt injection or
malicious content

Third-party content
instructs the agent to
deviate from user goals or
leak secrets.

Unauthorized action or
credential misuse.

Recovery closure +
privacy containment

Success rate of defense; harmful
action rate under adversarial
prompts.

Biased steering Ranking or tool
suggestions push the agent
toward host-preferred
merchants.

Higher prices, lower
quality, or reduced
complementor fairness.

Governance
transparency + ranking
neutrality

Excess cost versus neutral ranking
baseline; steering detectability.

Procurement-policy
violation

Agent selects a vendor,
term, or purchase amount
outside organizational
policy.

Unauthorized spend,
compliance failure, or
invalid approval chain.

Mandate precision +
recovery closure

Policy-violation rate; re-approval
success; audit evidence
completeness.

Resource-cost
overrun

Agent provisions paid
compute, API calls, or
infrastructure beyond the
approved resource cap.

Unexpected operational
cost or degraded service
reliability.

Transaction closure +
mandate precision

Cost overrun relative to cap;
rollback success;
resource-revocation latency.

Service-level dispute Counterparty claims
fulfillment while the
principal or monitoring
system records failed or
degraded service.

Payment without
promised performance
or unresolved liability.

Recovery closure +
receipt graph

Dispute success rate; service-proof
quality; handoff completeness.

Refund degradation Refund is partial, delayed,
or routed outside the
original workflow.

Liquidity loss and user
distrust even when the
agent recognized the
failure.

Transaction closure +
recovery closure

Refund completion rate;
time-to-refund; documentation
burden.

Mid-workflow
revocation

User retracts authority
while a background task is
still executing.

Confusion over whether
downstream actions
should continue or roll
back.

Mandate precision +
escalation

Revocation latency; fraction of
actions correctly halted or
compensated.
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Table A4. Protocol decomposition of the portability problem.

Layer Typical realization in integrated
ecosystems

Portable target primitive Remaining gap

Identity and
authentication

Shared account systems, session
state, or host-provided sign-in

Interoperable agent identity
plus user-linked
authentication context

Current standards identify principals well,
but agent-specific delegation and liability
semantics remain immature.

Mandate and
consent

Host-specific checkout prompts,
app permissions, and
background-task approvals

Transferable mandate objects
with budgets, categories,
revocation, and escalation
rules

Most ecosystems still treat consent as UI
events rather than reusable
machine-readable objects.

Tool and data access Host APIs, mini-app SDKs, and
connector frameworks

MCP-like tool exposure with
standardized policy envelopes

Tool access is advancing faster than spend
control, redress, or audit export.

Cross-agent
coordination

Internal orchestration or
proprietary task routing

A2A-like task-handoff objects
with state, scope, and
responsibility metadata

Coordination standards rarely encode
liability-sensitive workflow state.

Settlement lifecycle Platform-native checkout, refunds,
and partner-specific exception
handling

Standardized commit, cancel,
refund, dispute, and
compensation callbacks

Payment rails remain fragmented across
merchants, categories, and jurisdictions.

Receipts and
provenance

In-app order histories,
notifications, and case records

Receipt graphs linking
authorization, execution,
reversal, and escalation

There is no widely adopted portable
schema for agent-action receipts with audit
semantics.

Governance and
ranking

Centralized admission, ranking,
and fallback policy

Auditable policy surfaces,
neutrality probes, and
exportable logs

Ecosystem-level steering remains difficult
to test independently of host cooperation.

Privacy-preserving
export

Platform-specific exports or user
data downloads

Minimal, scoped export of
traces needed for audit,
switching, and dispute

The field lacks consensus on how to
maximize contestability without
overexposing sensitive behavioral traces.

Appendix F. Benchmark Sketches for Future Work
Travel and mobility closure.

Tasks should chain search, comparison, booking, disruption response, ride-hailing, reimburse-
ment, and proof preservation. Metrics capture recovered utility under disruption, delay minutes saved,
refund latency, and user correction burden.

Commerce and returns closure.

Tasks should chain discovery, merchant verification, coupon usage, checkout, delivery selection,
failed delivery handling, returns, and refund tracking. Metrics encompass total cost efficiency, return
success rates, dispute resolution burdens, and receipt completeness.

Public-service closure.

Tasks should integrate identity proofing, form completion, appointment booking, fee remittance,
submission verification, and exception escalation. Metrics measure policy compliance, bureaucratic
burden reduction, proof-of-submission stability, and time-to-redress.

Enterprise procurement closure.

Tasks should chain vendor discovery, policy checking, quote comparison, purchase-order issuance,
invoice reconciliation, delivery verification, and dispute escalation. Metrics capture policy adherence,
approval latency, evidence continuity, and cost recovery.

Cloud and software-operations closure.

Tasks should chain infrastructure provisioning, paid API use, rollback, incident response, and
audit-log preservation. Metrics capture resource-cap violations, rollback success, idempotency failures,
and service-level evidence quality.
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Agent-to-agent market closure.

Tasks should involve one agent contracting with another for data, compute, logistics, verifi-
cation, or support. Metrics capture counterparty authentication, settlement success, service-proof
completeness, replay resistance, and portability of dispute packets.

Cross-substrate panels.

For each benchmark family, the core logical workflow must be reproduced across integrated
ecosystems, enterprise suites, federated service stacks, and protocol-native architectures, quantifying
specific environmental closure capabilities separate from base model variations.
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