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Abstract

Mobile assistants increasingly use language models to translate user requests into actions,
yet repeatedly generating the next action can incur unnecessary inference, network traffic, and
delay. A phone also changes during execution: connectivity disappears, battery constraints
tighten, and sustained computation raises thermal pressure. We propose an intent-graph run-
time that separates semantic interpretation from the execution of typed, verifiable actions. The
runtime reuses validated graph fragments, invokes local or remote inference only at unresolved
decision boundaries, and selects feasible execution modes using device and network observations.
Each action retains explicit preconditions, observable postconditions, and rules for retrying side
effects. We ground the design in a static audit of an existing iOS application, distinguishing its
implemented planner and sequential graph executor from the resource controller and contract
system proposed here. We situate the design against recent work on graph planning, mobile
workflow memory, deterministic executors, and adaptive edge–cloud routing. We then specify a
falsifiable evaluation using matched tool access, held-out workflows, independent state checks,
and measurements on physical phones. The central hypothesis is that adapting the amount and
placement of reasoning can reduce total cost per verified task without sacrificing task comple-
tion. This manuscript presents the design and evaluation protocol; it reports no experimental
performance results.

Status. Public working draft, not peer reviewed. Design and evaluation protocol. The existing ap-
plication has been inspected; the proposed adaptive runtime has not been experimentally validated.
No performance or energy savings are claimed.

1 Introduction
A request such as “save this receipt and send the total to my team” contains several distinct
problems. The assistant must identify the receipt, interpret the requested destination, extract
information, persist a record, and communicate the result. Some steps require semantic judgment.
Others are ordinary operations whose inputs, outputs, and success conditions can be specified in
advance. Treating every step as a new language-generation problem obscures that distinction and
can repeatedly spend inference on decisions already resolved.

The distinction matters on a phone. An on-device foundation model can remove dependence on
a remote model service, but local inference still consumes time, memory, and energy. A cloud model
may offer a useful reasoning capability, but its use requires a working connection and introduces
transport costs. Moreover, a local planner does not make a remote application service available
offline. A useful execution framework must reason separately about model availability, action
availability, and the resources needed to finish the user’s task.
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Figure 1: Where new reasoning enters execution. This is a conceptual comparison, not a timing
trace or a measured token reduction. Spacing does not encode cost. Per-action checks are omitted
from the drawing for clarity; the compared systems must satisfy the same verification obligations.

We study a setting in which a compatible on-device foundation model is available and remote
model credentials are already configured. These assumptions remove installation and credential
acquisition from the research problem. They do not imply that either model can solve every
task, that a remote endpoint is reachable, or that an application is permitted to control another
application. The operating system’s supported interfaces remain a hard boundary.

Our proposed unit of execution is a finite intent graph: a dependency graph of typed actions and
explicit verification obligations, instantiated from the user’s request. A graph can be constructed
using inference, bound from a reusable template, or assembled from known operations. Its executor
performs resolved actions without requiring a new generative decision at every step. An outer
control loop observes execution and resource changes, requests additional reasoning when necessary,
and constructs a new graph fragment when an observation reveals information that was unavailable
earlier.

Figure 1 illustrates the proposed change in control flow. The intended reduction is in repeated
decisions whose inputs and contracts are already resolved; extraction, verification, or repair can
still require inference and must remain in the cost accounting.

This separation is not, by itself, a new research contribution. ReAct established an influential
reasoning–action loop [28]; LLMCompiler organizes function calls using dependencies [20]; mobile
and computer agents already learn or retrieve reusable procedures [12, 21, 26, 29]. More recent
systems reduce the frequency of large-model decisions [17, 30], while HybridFlow routes subtasks in
a dependency graph across edge and cloud resources [15]. A defensible contribution must therefore
go beyond “use a DAG,” “reuse workflows,” or “choose local versus cloud.”

The research question is narrower: Can a phone runtime jointly adapt workflow reuse, infer-
ence placement, and execution timing to changing resources, while preserving observable action
contracts and maintaining task completion? We focus on whether the benefits survive the costs of
retrieval, validation, monitoring, repair, and network transitions. Reducing generated tokens is an
intermediate mechanism, not the final objective.

The manuscript makes three design contributions. First, it defines an intent-graph contract
that separates semantic uncertainty, executable dependencies, and side-effect recovery. Second, it
specifies a resource controller whose feasible choices include direct execution, validated reuse, local
reasoning, cloud reasoning, and explicit deferral. Third, it provides an implementation audit and
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an evaluation protocol that can distinguish real savings from reduced task coverage or optimistic
success reporting. These are proposed contributions whose practical value remains to be established
experimentally.

The existing HiOS application provides a concrete starting point: native tool classification, a
graph representation, a sequential executor, verification paths, and workflow records. The audit
also exposes a substantial gap between this foundation and the proposed runtime. In particular,
resource-aware scheduling and contract-validated graph reuse are not established by the current
implementation. We retain that distinction throughout the paper.

2 Related Work and Research Position
Reasoning and dependency graphs. ReAct interleaves reasoning with environment actions,
making observations available to subsequent decisions [28]. LLMCompiler separates planning, de-
pendency handling, and function execution [20]. These ideas motivate graph execution but also
establish that dependency-aware orchestration is prior work. Our proposed executor differs in its
target decision: whether a fragment requires new inference under a phone’s current constraints,
including the consequences of delaying or repeating a state-changing action.

Workflow memory and skill reuse. MobileGPT organizes mobile task knowledge into reusable
subtasks [21]. Mobile-Agent-E adds evolving guidance and executable shortcuts [26]. CUA-Skill
develops parameterized skills and compositions for computer use [12], and MobiAgent includes a
record-and-replay component [29]. These systems substantially overlap with the motivation to avoid
rediscovering procedures. We do not claim workflow memory as novel. The proposed distinction
is that reuse eligibility depends on typed bindings, interface versions, current preconditions, and
explicit verification obligations, and that the reuse decision participates in resource scheduling.

Less frequent generative control. ClawMobile separates probabilistic reasoning from deter-
ministic smartphone execution backends [17]. Jev-Mobile delegates repeated low-level decisions to
a lightweight typed executor under a higher-level goal [30]. V-Droid uses generative verification
to select from candidates [13]. These approaches support the importance of execution structure
and are direct intellectual neighbors. Their mechanisms are not automatically available through
an opaque on-device model API: for example, an application that receives generated text cannot
assume access to arbitrary scoring or prefill-only interfaces. We also avoid equating lower cost
among successful trajectories with lower cost at matched task success.

Adaptive inference and hardware scheduling. FrugalGPT studies model cascades that trade
inference cost against quality [11]. HybridFlow is the closest overlap in graph-level resource adap-
tation: it constructs dependency-aware subtasks and routes them between edge and cloud under
budget considerations [15]. Its evaluated reasoning workloads and edge GPU configuration differ
from state-changing application workflows on an iPhone. HeRo studies orchestration of agentic
retrieval pipelines on heterogeneous mobile hardware [22]. Its hardware-mapping focus differs from
the public-interface constraints of an application using a system-managed model. Carbon-aware
function-call routing adds another resource objective to edge–cloud selection [23]. Taken together,
these works rule out a broad novelty claim for adaptive routing. Our hypothesis concerns the joint
choice of whether to reason, where to reason, and when an observable action is safe to execute or
resume.
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Table 1: Closest research directions and the additional question posed here. Entries describe
published focus; they are not experimentally established advantages of HiOS.
Direction Established focus Question for this proposal

LLMCompiler [20] Dependencies and function-call
orchestration

When can a phone execute a
resolved fragment without new
inference?

MobileGPT,
Mobile-Agent-E,
CUA-Skill,
MobiAgent [12, 21,
26, 29]

Reusable mobile/computer
procedures

Does versioned, contract-checked
reuse pay for its own validation
and repair?

ClawMobile,
Jev-Mobile,
V-Droid [13, 17, 30]

Alternative reasoning/execution or
verification structures

Do savings persist with supported
iOS interfaces and independent
success checks?

HybridFlow [15] Adaptive edge–cloud routing over
dependency graphs

Can reuse, side effects, thermal
pressure, and intermittent action
services be handled jointly?

HeRo [22] Mobile hardware orchestration for
agentic RAG

What adaptation remains useful
when model hardware scheduling is
opaque?

Evaluation environments and platform capabilities. AndroidWorld supplies parameter-
ized tasks with state-based evaluation [24]. iOSWorld extends phone-agent evaluation to native
iOS simulator applications [19]. Both inform our use of independently checked final states. Nei-
ther substitutes for energy measurements on physical deployment devices, and benchmark control
interfaces must not be assumed to be privileges available to a shipped iOS application. Apple’s
Foundation Models framework supplies model integration and tool-calling support [1, 8]; its evolv-
ing capabilities, including dynamic profiles, must be treated as a baseline dependency rather than
an original contribution [6].

Table 1 summarizes the comparison as a difference in research focus, not a claim that every
neighboring system lacks every proposed feature. The literature search covers primary papers and
official platform documentation available through 22 October 2026; it is a targeted positioning
review, not an exhaustive systematic review.

3 System Model and Objective

3.1 Availability is not executability

Let u denote a user request, zt the observed application state, and rt the resource observation at
decision time t. We represent resources as

rt = (bt, ℓt, θt, nt, mt, dt), (1)

where bt is battery level, ℓt is low-power mode, θt is the operating system’s thermal category, nt

summarizes network conditions, mt is a memory-pressure signal, and dt is the remaining deadline.
These observations are partial and sometimes delayed. A network path marked available does
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not prove that an authenticated service request will succeed. Thermal categories are not direct
temperature measurements.

The local model is assumed installed and available on the chosen supported devices. Remote
credentials are assumed configured. Model inference is distinct from application actions: cloud rea-
soning can produce a valid local calendar operation, and local reasoning can propose an upload that
still requires a remote service. We therefore associate every backend with a capability descriptor
covering permissions, supported action schemas, network requirements, foreground requirements,
and interface version.

“Without an application API” means that an action may use another supported control surface,
such as an app-owned web view or an exposed system integration. It does not mean arbitrary
native-app automation. iOS sandbox restrictions and explicitly exposed services bound the action
space [7]. Unsupported operations terminate with a clear handoff or an infeasibility result. They
are not silently removed from the task.

3.2 Intent graphs and contracts

An execution epoch is a directed acyclic graph G = (V, E) with bound inputs x, a user-goal
specification g, and a set of required terminal predicates. Each node v ∈ V is

v = (a, I, O, P, Q, C, R, ν), (2)

where a is a registered action, I and O are input and output types, P and Q are preconditions and
observable postconditions, C is its capability requirement, R is a retry and side-effect policy, and ν
identifies its schema and implementation version. Edges carry typed output-to-input references or
explicit ordering constraints. A node becomes ready only when its dependencies have committed
verified outputs and its guard is satisfied.

A request may initially be underspecified. The compiler must identify missing slots, conflicting
constraints, and actions requiring user authorization. It may ask for clarification or produce a
bounded partial plan. It must not infer a recipient or destructive scope solely to make a graph
executable. Goal predicates also require review: a perfectly executed graph can still encode the
wrong interpretation of the user’s intent.

The DAG describes one finite epoch, not the entire lifetime of an agent. Unknown UI state,
newly returned service data, and conditional branches can require another epoch. Retrying an
action is an executor state transition, not an edge that introduces a cycle into the current DAG.
This distinction permits acyclic dependency validation without pretending that real interaction has
no feedback.

Figure 2 instantiates these definitions for a receipt task. The recipient is explicit, a saved-record
check precedes sending, and separate local and remote predicates are needed to satisfy the complete
goal. These dependencies do not imply that graph branches are currently executed in parallel.

3.3 Costs, quality, and feasibility

At a decision boundary the controller chooses an option o from direct execution, validated reuse,
local inference, cloud inference, or deferral. An option also identifies its action backend and verifi-
cation procedure. Feasibility is a mask

Ft = {o : C(o, zt, rt) = 1}, (3)

which excludes unsupported permissions, unreachable required services, invalid contracts, and pro-
hibited resource states. Conditions that cannot be established become uncertainty, not evidence of
feasibility. The mask is checked again immediately before a side effect.

5



Bound goal: Save receipt R locally; send its verified total to the explicitly specified recipient T .

Read source
receipt R

Extract fields
Check amount
and currency

Store receipt Check saved
record

Goal
satisfied

Bind message
to T

Send with
service API

Check sent
record

saved first

Send contract Input: amount, currency, recipient. Output: sent-record identifier.
Pre: saved record, authorization, reachable service. Post: queried record matches content and recipient.
Retry: reconcile uncertain attempts; proceed only under the backend’s retry rule.

Figure 2: Worked intent graph for an illustrative fixture using app-owned storage and a supported
messaging service. Arrows express data or ordering dependencies. A verified sent record is the
stated observable goal; it does not establish that a human read the message. The example does
not assume arbitrary control of native iOS apps.

Among feasible execution options, a candidate controller minimizes

ˆ︁J(o) = wE

ˆ︁E(o)
E0

+ wL

ˆ︁L(o)
L0

+ wT

ˆ︁T (o)
T0

+ wC

ˆ︁C$(o)
C0

, (4)

subject to a target lower confidence bound on task completion, a deadline, and the user’s resource
limits. ˆ︁E estimates device energy, ˆ︁L elapsed latency, ˆ︁T token expenditure, and ˆ︁C$ remote inference
charges. Positive reference quantities E0, L0, T0, C0 make the units explicit. Weights and limits are
fixed before evaluation and sensitivity is reported. Device energy and cloud charges are distinct
quantities; neither represents total environmental impact.

For a fragment, estimates include its continuation, observation, verification, and likely repair
costs. Greedy selection on only the next model call could prefer an apparently cheap action that
makes the rest of the graph expensive or impossible. Our proposed initial policy uses a bounded
remaining-graph estimate; a one-step policy is an ablation. Predictions and confidence bounds are
empirical approximations. This formulation does not prove a real-world completion guarantee.

Deferral is represented separately from successful execution. It requires a reason, an expiry or
resumption condition, and a durable description of outstanding obligations. A task cannot become
“successful” merely because the controller avoided its expensive part. Evaluation distinguishes
complete, failed, infeasible, pending, and handed-off outcomes under a common deadline.

3.4 Token accounting

We count local and remote input and output tokens separately, including planning, verification,
repair, and repeated context. Counts are associated with model and tokenizer versions; tokens from
different tokenizers are not interchangeable units of compute. When a platform does not expose
token counts, an estimate is labeled as an estimate and character/byte counts and model-call counts
are also retained. Reused cached inputs and provider billing categories are recorded when exposed.
“No new generated tokens” for a deterministic action does not mean zero computation or zero
energy.
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User request
Explicit goal

and constraints
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Bind, infer, validate

Typed intent graph
Dependencies
and contracts

Executor
Act, observe, verify

Reusable fragments
Versions and

evidence

Resource controller
Reuse / local
Cloud / defer

Device and network
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Power mode / path

Unresolved observation or bounded repair

Qualify verified fragments for future reuse

Figure 3: Proposed architecture. Solid arrows carry requests, graphs, or execution observations;
dashed arrows carry resource observations or control signals. These signals affect inference place-
ment and execution eligibility. The existing application provides portions of the planner and ex-
ecutor; the full contract and adaptive-control path remain proposed.

4 Proposed Runtime
Figure 3 separates semantic compilation, resource control, and the execution of observable actions.
This section specifies the proposed system; Section 5 identifies what currently exists.

4.1 Compile intent once, resolve uncertainty when needed

The compiler first normalizes explicit arguments, retrieves candidate templates, and checks whether
a registered deterministic interpretation applies. A deterministic path is appropriate only when it
resolves the requested semantics with sufficient specificity; a keyword match alone is insufficient
for ambiguous requests. A compact local-model call can fill typed slots or select a candidate. A
remote model is an available escalation when the connection, user constraints, and estimated value
justify it.

Generated output enters the runtime through a schema validator. Guided generation can reduce
structural failures, but it cannot establish that an action is semantically appropriate [8]. Validation
checks registered tool names, argument types, required dependencies, capability requirements, finite
size, and acyclicity. It rejects undeclared output references and checks that required goal predicates
have a producer or an explicit unresolved obligation. A model cannot grant itself a permission by
writing a capability into its output.

Plans contain stable decisions and symbolic references, not guesses about unseen screen coor-
dinates or future service results. For example, a file identifier returned by an extraction step is
bound to a later persistence operation. If a website changes its form or a service returns several
possible recipients, the executor stops at that observation boundary and requests a small repair or
clarification. It need not regenerate already verified work.

4.2 Reuse with explicit invalidation

A reusable fragment contains a parameter schema, dependencies, action contracts, compatible
interface versions, a provenance record, and validation statistics stratified by relevant conditions.
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Retrieval produces candidates; it does not authorize execution. Eligibility requires valid argument
bindings, current preconditions, appropriate permissions, and compatible versions. A semantically
similar request can still require a different destination, time zone, account, or side-effect policy.

Successful execution can nominate a fragment for reuse, but successful tool return values alone
do not qualify it. Promotion requires independent postcondition checks and removal of instance-
specific state. The runtime retains the distinction between a template and a past trace. It in-
validates or quarantines a template when a schema changes, its oracle becomes unavailable, or
drift causes repeated verification failures. A bounded cache prevents unlimited growth and reports
retrieval overhead.

Reuse has an amortization cost. Let Cb be one-time construction and qualification cost, Cf the
cost of executing a comparable task with fresh reasoning, and Cr the cost of binding, validating, and
executing a reused fragment, including expected repair. Under stationary costs and comparable
completion quality, reuse is cheaper after n executions only if

Cb + nCr < nCf , n >
Cb

Cf − Cr
, Cf > Cr. (5)

The inequality is an accounting identity, not a measured result. Frequent interface changes or rare
tasks can prevent amortization. Evaluation must therefore include cold construction, warm reuse,
and drift separately.

4.3 A controller with bounded overhead

The first implementation should use a transparent rule policy and measured cost tables. Thermal
and low-power notifications, path changes, execution outcomes, and explicit phase boundaries trig-
ger reconsideration. The controller should not query a language model merely to decide whether
the phone is hot. It samples public resource signals at a bounded rate and uses hysteresis to avoid
repeatedly switching modes when a signal oscillates.

At each boundary, the controller updates the feasibility mask, then compares the remaining
costs of eligible options. It can continue a validated local operation, request local interpretation,
use remote interpretation, or checkpoint and defer. Remote reasoning is not an automatic response
to thermal pressure: connection quality, radio activity, remaining deadline, data constraints, and
whether the action itself requires the network all matter. Likewise, low battery does not imply that
local inference is the cheapest choice.

A learned cost or success estimator is a later, separately evaluated extension. It may use held-
out calibration data and conservative bounds; unsupported contexts fall back to the rule policy.
Updates from completed tasks must be versioned and restricted to training or explicitly declared
online-adaptation protocols. Benchmark test outcomes must not quietly populate a reusable skill
library for later test cases. Neither exploration on real side effects nor a claim of optimality is
required for the initial paper.

For a concrete first policy, unsupported actions are rejected before cost ranking; remote options
are removed when their required service is unavailable; and new discretionary local inference is
suspended in the critical thermal category. Among the remaining options, a valid bound fragment
competes with fresh reasoning using the same estimated continuation costs. Missing semantic
information triggers a bounded local call, remote escalation, or clarification according to calibrated
capability and budget checks. If no option meets those checks, the obligation remains pending
or is handed off. Thresholds for battery reserve, hysteresis duration, prediction confidence, and
maximum repair count are explicit configuration values fixed before the final evaluation. This rule
policy is a proposed reference implementation, not a claim of optimal scheduling.
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Observe
Battery, power mode
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tions stay pending. Local inference does not re-
store a remote service.

Example: critical thermal state, new decision
Suspend discretionary local inference. Cloud rea-
soning still needs feasibility checks; otherwise defer
or hand off.

Figure 4: Proposed decision sequence and two conditional examples. Battery level, thermal state,
or connectivity alone does not uniquely determine the best mode. The examples specify eligibility
rules, not empirically established optimal choices or measured energy savings.

Figure 4 makes the ordering explicit: feasibility filtering precedes cost ranking, and a preflight
check protects against conditions changing between selection and dispatch.

4.4 Ordering, side effects, and recovery

Graph independence is necessary but not sufficient for parallel execution. Two nodes can be log-
ically independent and still share a single foreground page, a UI navigation stack, or a mutable
record. Nodes therefore declare resource locks or conflict domains. The initial executor may remain
sequential; any parallel extension must enforce both dependency readiness and resource exclusion.
Higher concurrency also requires a fresh cost estimate because it can increase memory contention
or thermal pressure.

Before a state-changing action, the runtime persists an attempt identifier and, where supported,
an idempotency key. After execution, it records a verified commit and the resulting object identifier.
If the application is suspended or the connection fails after dispatch, the action enters an unknown-
commit state. The runtime queries the destination for the expected effect before retrying. When
reconciliation is impossible, it requests a handoff rather than assuming that the action failed safely.
There is no general exactly-once guarantee across arbitrary external services.

Figure 5 separates an interrupted attempt from an established failure. A missing response
cannot by itself authorize a repeated write.

Retries have explicit limits on attempts, time, and inference. Repair preserves verified outputs
whose dependencies and assumptions remain valid. A compensating operation, when available, is
itself an observable action with its own failure modes; it is not described as a universal rollback.
Pending work resumes only after rechecking permissions, versions, freshness requirements, and the
relevant resource condition. iOS background-execution limits mean that a checkpoint is a resumable
obligation, not a promise of unattended continuous execution.

4.5 Verification remains mandatory

Every required action has an evidence level: an independently queried state, a validated tool receipt,
or weaker observational evidence such as a UI change. The runtime records this level and does not
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Algorithm 1 Execution at observation boundaries (proposed)
Input: Request u, capability registry K, budgets B

1: (G, g)← CompileOrBind(u, K)
2: Validate(G,g,K)
3: while required obligations remain do
4: (z, r)← Observe( )
5: Reconcile(G,z)
6: Vr ← ReadyNodes(G, z)
7: F ← FeasibleOptions(Vr, z, r, K, B)
8: if F has no executable option then
9: return CheckpointOrStop(G,g,z,B)

10: end if
11: o← SelectBoundedCost(F, G, r, B)
12: if o requires reasoning then
13: ∆G← ResolveBoundary(o, z)
14: ValidateAndSplice(G, ∆G, K)
15: else
16: PreflightAndLog(o,z)
17: y ← Execute(o)
18: q ← Verify(o, y)
19: CommitOrRepair(G,o,q)
20: end if
21: DebitCosts(B)
22: end while
23: return VerifyGoal(g)

silently replace a required state check with a cheaper model judgment. Generated assertions of
success are not independent evidence. When only visual evidence exists, the benchmark needs an
external oracle or must report a weaker evaluation category.

Content obtained from documents, pages, and tool responses is observation data. It cannot alter
the user’s authorized destination, expand permissions, or waive a required check. Any proposed
change to those fields returns to intent validation. This boundary matters for ordinary extraction
errors as well as adversarial content, and should be exercised with synthetic fixtures.

An elementary invariant explains the value of this discipline. If a node is marked committed
only after its postcondition is established, and every successor consumes only committed typed
outputs, then, by induction over the executed topological order, each consumed output has the
declared verification evidence. This does not prove that the oracle is complete, that external state
remains unchanged afterward, or that the graph correctly expresses the user’s intent. Those remain
distinct validation obligations.

4.6 Illustrative offline-to-online workflow

Consider a synthetic receipt already available to the app, with an explicitly specified local archive
and remote destination. Extraction and local persistence may be feasible offline. Transmission
is not. The runtime can commit the archive operation, record its identifier, and checkpoint the
upload obligation. On reconnection it checks whether a prior transmission committed, validates
the destination, and resumes only the outstanding action. The user-visible result remains partial
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Figure 5: Proposed recovery states for an external side effect. Dashed transitions indicate loss
or insufficiency of evidence. A retry requires both an established absence and permission under
the backend’s retry semantics; services without adequate reconciliation support cannot provide a
general exactly-once guarantee.

until the remote postcondition is observed. This is a design example, not an observed trace or an
existing end-to-end capability claim.

5 Prototype Audit and Implementation Plan
We inspected selected working-tree files of the existing HiOS iOS application on 22 October 2026.
The repository HEAD was 9fb8d526bc6f; a separate manifest records full content hashes because
a commit identifier alone does not identify uncommitted file contents. This is a static source audit.
It does not establish successful execution, benchmark accuracy, or measured power behavior.

The planner contains deterministic native-tool paths, on-device model classification and plan-
ning, and cloud fallback. The Foundation Models wrapper primarily consumes generated strings;
the inspected paths should not be described as a fully typed intent compiler. TaskGraph contains
nodes and dependencies, cycle checks, and topological ordering. Its main executor iterates over an
ordered node list sequentially. A DAG representation therefore exists, but graph parallelism is not
an implemented performance result.

Workflow recording stores tool sequences and arguments. Similarity lookup uses string contain-
ment, and prior workflows can inform planning. This is useful scaffolding but does not constitute
versioned, contract-checked graph instantiation. Battery level appears in context. The inspected
source did not establish a policy driven by thermal state, low-power mode, measured energy, or
network-path changes. Fixed offline/online modes and fallback logic should not be presented as
continuous resource adaptation.

Verification also requires strengthening before comparison. One model-based helper accepts
output containing positive substrings such as ACHIEVED; by inspection, this can also accept negated
text containing the same substring. Some native actions rely on a tool-reported outcome. The head-
less evaluation harness uses completion state and response keyword checks for its pass condition.
These mechanisms are not independent checks of the full requested final state. The audit identifies
possible false-positive paths; it does not claim to have observed their frequency in executions.
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Table 2: Implementation status from static inspection. “Present” means identified in source, not
experimentally validated.
Component Present in the inspected application Work required for this proposal

Intent routing Deterministic paths, local model,
cloud fallback

Typed bindings; ambiguity
handling; comparable routing
instrumentation

Graph execution TaskGraph, dependencies,
topological sequence

Typed dataflow; guards; conflict
domains; durable checkpoints

Workflow reuse Successful sequence records;
text-based lookup

Parameterized templates; contracts;
version checks; drift invalidation

Resource policy User-selected modes; battery
context

Thermal, low-power, network and
deadline observations; bounded
controller

Verification Tool results and model-based
checks

Independent state oracles; explicit
evidence levels; unknown-commit
recovery

Evaluation Opt-in headless harness and timing
utilities

Controlled fixtures; matched
baselines; physical-device energy
protocol

The implementation should proceed in dependency order. First, define contracts and indepen-
dent fixture oracles, and ensure that all compared systems receive the same verdicts. Second, add
tracing around model calls, tool attempts, verification, and suspension boundaries. Third, imple-
ment typed reuse and a rule controller. Only then should a learned estimator or parallel scheduler
be introduced. This order makes it possible to attribute savings to specific mechanisms.

Public Apple APIs expose thermal and low-power state, and Network framework exposes path
observations [3, 5]. These are inputs to the proposed application-level controller, not direct con-
trols over the system model’s accelerator scheduling. MetricKit supplies aggregate diagnostic and
performance information and is not a substitute for a per-decision resource oracle [2]. SDK, OS,
model availability, tool registration, and release/debug configuration must be frozen and recorded
for each experiment. Newly available model features require a fresh baseline audit rather than a
retrospective claim that the original prototype implemented them.

6 Evaluation Protocol and Pending Results
Figure 6 summarizes the proposed digital study. As a methodological comparison, LlamaRL sepa-
rates execution diagrams and system design from matched efficiency comparisons, quality checks,
and component ablations [27]. Its distributed RL-training setting differs from mobile action execu-
tion; we adopt this separation of mechanisms and evidence, not its training algorithm or reported
speedups.

6.1 Questions and hypotheses

The evaluation must answer four questions. RQ1 asks whether typed graph execution and qualified
reuse reduce inference and end-to-end cost at comparable task success. RQ2 asks whether adapta-
tion improves outcomes under network changes, low battery, and thermal pressure beyond a static
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Resettable task fixtures
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Shared controls: model versions, tool access, observations, budgets, deadlines, and outcome oracles.

Evidence boundary: digital runs can establish logic, token cost, and measured host latency.
Physical-phone energy, thermal response, and on-device inference performance require device measurements.

Figure 6: Planned evaluation flow, with all results pending. The static and adaptive variants isolate
reuse and resource adaptation under shared controls. The accounting includes failed attempts and
construction, validation, and recovery costs. Digital benchmarks support a narrower evidence claim
than a physical-phone deployment study.

local-first policy. RQ3 asks whether verification and recovery prevent false success and duplicate
side effects. RQ4 asks how much workload repetition is needed before construction, lookup, and
validation amortize.

The primary hypothesis is a reduction in total device energy per verified completion, subject to
a preregistered non-inferiority criterion for task success and an acceptable deadline-completion rate.
Secondary hypotheses concern tokens, remote charges, and response latency. A token reduction
accompanied by lower completion or higher energy does not confirm the primary hypothesis. If a
physical energy estimate cannot be calibrated, the paper must narrow its claim to the measured
units instead of treating a relative power score as joules.

6.2 Task population and splits

Begin with a feasibility pilot of roughly 20–30 workflow templates. This is a scoping step, not a
statistically sufficient final benchmark. Tasks should include local record operations, extraction
into local storage, application-service interactions, supported web flows, mixed local/remote de-
pendencies, and recovery after interruption. Each instance has seeded initial state, an explicit goal,
a permitted action set, an independent final-state oracle, and a teardown procedure. Synthetic
accounts and fixture data allow state-changing operations to be evaluated without involving real
recipients.

Partition workflows into disjoint families for template construction, policy calibration, and final
evaluation. Hold out paraphrases and arguments, but also hold out compositions and interface
versions; paraphrase-only separation is inadequate for testing generalization. Fix the skill library
before a conventional test run. A separate continual-learning experiment may permit growth, but
its order, reset policy, and construction costs must be reported. Cold and warm caches are separate
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conditions, not pooled without explanation.
Use AndroidWorld and iOSWorld as methodological references and possible supplementary

environments [19, 24]. Report any ported or restricted subset explicitly. A simulator experiment
can test task logic; it cannot establish physical-phone power savings or ordinary application access
to privileged benchmark controls. The primary deployment study uses only interfaces the evaluated
iOS build can actually invoke.

6.3 Matched baselines and ablations

All main comparisons use the same permitted tool registry, action schemas, oracle, model versions,
context access, deadlines, and retry budgets. The following baselines separate mechanisms:

1. Per-step generative control. A ReAct-style or native structured-tool loop, with fixed-local
and fixed-cloud variants where feasible.

2. Static local-first routing. The current architecture’s routing principle, evaluated with the
common oracle and instrumentation. Unmodified prototype behavior is reported separately
if retained.

3. Graph execution without reuse. Compile each request and execute a validated graph
using fixed routing.

4. Static validated reuse. Use the same templates and contracts as the proposed system but
disable resource adaptation.

5. Rule-based adaptation. Enable resource rules and bounded cost tables over the same
actions and templates.

6. Learned adaptation, if implemented. Replace the rule selector with a calibrated estima-
tor while keeping the remaining system unchanged.

An adapted HybridFlow-style router is a valuable additional control if its decision assumptions can
be matched to the mobile action setting [15]. It must be labeled as an adaptation, not a reproduction
of published results. Ablations remove reuse, resource signals, continuation-cost estimates, and
adaptive inference placement one at a time. Verification remains active in deployed comparisons;
an offline replay analysis can estimate its overhead without authorizing unchecked side effects.

Digital-first evaluation. Before physical-device measurements, we propose an entirely digital
stage that isolates contract-checked reuse and adaptive inference. Resettable service fixtures will
test held-out workflow compositions, interface drift, and interrupted writes against independent
state oracles. External browser evaluation will use WebArena-Verified through BrowserGym, with
WorkArena++ providing a compositional extension when instance access is available [10, 14, 16, 18].
Optional tool-coordination experiments will use an explicitly pinned τ -bench release [9]; current and
legacy benchmark frames will not be pooled. We will compare per-step generation, graph execution
without reuse, fixed validated reuse, and adaptive variants under matched observations and budgets,
reporting verified success, all-attempt token cost per completion, latency, and duplicate side effects.
iOSWorld and AndroidWorld may provide simulator transfer checks, but synthetic resource signals
and simulator timings cannot establish iPhone battery or thermal benefits. All results remain
pending; physical energy measurements constitute a subsequent validation stage.
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6.4 Devices and controlled conditions

Use at least two supported physical iPhone generations if available, with exact device model, OS
build, model version or exposed identifier, app revision, and battery health recorded. This is a
planned target; no device inventory is asserted in this manuscript. Fix brightness, display state,
audio state, background load, account fixtures, and starting battery range. Record whether low-
power mode is enabled independently of battery percentage. Separate cold model loading from
warm steady-state operation.

Network conditions include stable connectivity, controlled latency and bandwidth limits, dis-
connection before a task, and interruption after a remote side effect may have committed. Record
actual observed path and service behavior rather than assuming the configured emulator profile was
achieved. Resource tests include nominal operation and sustained workloads that reach documented
thermal categories. Ambient conditions, cool-down criteria, and ordering are recorded. Battery
depletion and thermal history make simple sequential baseline runs confounded; randomized paired
blocks and repeated sessions reduce this bias.

Token throughput under sustained load can differ from short-run behavior, reinforcing the need
for long enough measurement windows [25]. The proposed study does not infer a universal device
ranking from one model or one prompt. A separate controller-only microbenchmark measures
monitoring, lookup, schema validation, and policy-decision overhead.

6.5 Energy and timing instrumentation

Record monotonic timestamps for request receipt, first useful action, each model call, each tool
attempt, each verification, and terminal outcome. Human waiting is retained as a separate com-
ponent; it is neither silently charged as model compute nor omitted from user-facing elapsed time.
Include decoding, retrieval, OCR where used, screen activity, transport, verification, and retries
within the declared device measurement boundary.

Apple’s Power Profiler supports app power investigation, but its measurements need careful
interpretation: charging can invalidate the reported battery-discharge measure, device-relative im-
pact scores are not cross-device energy units, and profiling connections can perturb activity [4].
Use controlled unplugged runs and matched idle windows where appropriate. Report the tool,
sampling interval, measured units, uncertainty, and whether results are device-total or attributed
to the app. A calibrated external setup can support joule estimates if its charging and device-state
effects are characterized; otherwise retain the supported proxy units. Battery percentage alone
is too coarse for a short individual task. MetricKit is supplementary aggregate evidence, not the
primary per-task measurement [2].

6.6 Outcomes and statistical analysis

The primary correctness outcome is satisfaction of all required terminal predicates within the
declared horizon. Also report incorrect writes, duplicate side effects, false-success declarations,
partial completion, pending work, and handoffs. Feasible and infeasible task strata use a predeclared
classification; a difficult task cannot be relabeled infeasible after a failure. For interrupted tasks,
report both success before the original deadline and eventual success after a separately bounded
recovery window.

Let N be the number of assigned attempts, Si indicate verified success, and Ei the measured
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energy for attempt i. Report both

Eattempt =
∑︁N

i=1 Ei

N
, Ecompletion =

∑︁N
i=1 Ei∑︁N
i=1 Si

. (6)

The latter includes resources spent on failed attempts; it is undefined if no task succeeds. Apply
analogous all-attempt accounting to tokens and charges. Report p50 and p95 time to first useful
action, completion-time distributions, and deadline-success curves. Successful-only latency may be
included as a diagnostic but must not replace the complete outcome distribution.

Estimate paired differences using matched task instances and randomized run blocks. Cluster
uncertainty by workflow family and device/session where applicable, so that repeated paraphrases
or runs are not treated as independent tasks. Report confidence intervals, per-device results, and
heterogeneity across network and thermal strata. Choose the success non-inferiority margin, the
primary resource endpoint, multiplicity handling, and the final sample size after a pilot variance
estimate but before inspecting final comparisons. A failure to reject a difference is not evidence of
equivalence. A pooled average must not hide failures in the offline or sustained-load conditions the
system is meant to handle.

6.7 Result reporting template

No experiments supporting the proposed controller have been run for this manuscript. Table 3 in
Appendix A is an explicitly empty reporting template; its dashes are not zeros, measured ties, or
omitted negative results. The current evidence consists of the source audit, related-work analysis,
and a specified experimental design.

A favorable outcome would show a resource reduction with the preregistered completion criterion
satisfied, including the cost of failed attempts and controller overhead. A narrower outcome—for
example, savings only for repeated workflows on stable networks—would support a narrower claim.
If the rule policy matches a learned policy, the simpler controller is preferable. If verification erases
token savings or resource adaptation degrades completion under drift, that negative result should
determine the paper’s conclusion rather than be excluded from the workload.

7 Limitations and Open Questions
The proposed system is not yet implemented in full or evaluated. A combination of established
techniques may prove useful engineering without yielding a new research result. The strongest po-
tential contribution is evidence about the interaction between reusable execution, resource changes,
and observable side effects on a constrained phone platform. That evidence may instead show that
a simpler static policy is sufficient.

Intent ambiguity remains an upstream problem. Types and postconditions can catch malformed
actions or missing effects but cannot establish that a recipient, deadline, or inferred preference
matches what the user intended. Clarifications and permissions therefore remain explicit costs and
outcomes. A system that asks more questions may improve correctness while increasing elapsed
time; both effects must be measured.

Model availability is a simplifying assumption, not a claim of universal device support. A
system-managed model can change with the operating system, and its hardware placement and
exact accounting may be opaque. Public thermal categories and network observations may be
too coarse for an accurate predictor. A policy trained on one phone, one battery condition, or
one service can miscalibrate elsewhere. Version pinning, conservative fallback, and per-condition
reporting reduce but do not eliminate these problems.
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The feasible action surface limits generality. Supported native integrations and app-owned web
views do not cover all third-party app workflows. Remote service state may be only partially
observable, and some destinations provide neither an idempotency mechanism nor a reliable recon-
ciliation query. In those cases the system cannot promise safe automatic retry. Explicit uncertainty
or handoff is a legitimate result, but it reduces autonomous completion.

Template reuse also creates a distributional risk. A workflow may remain syntactically valid
after its meaning or surrounding application state changes. Version checks alone cannot detect
this. Contract quality, test coverage, and drift signals determine how much reuse is justified, while
overly conservative checks can erase its economic benefit. Equation 5 makes this trade-off explicit
but does not resolve it.

8 Reproducibility and Research Practice
The intended research artifact consists of a capability manifest, synthetic task fixtures, independent
oracles, a frozen skill library, baseline configurations, trace schemas, and analysis scripts. Device-
specific dependencies and unavailable proprietary components must be documented. The present
package contains the manuscript and audit metadata; it is not a released runtime benchmark.
Source and data licensing remain subject to author approval before public release.

Experiments should initially use synthetic data and test destinations. A later user study or
analysis of non-public human data requires the applicable ethics review before collection. For
reproducibility, anonymized aggregate outcomes are insufficient on their own: release the task
definitions, inclusion rules, and failure categories needed to reconstruct denominators. Credential
values, personal content, and unrelated application files are not research artifacts.

Use of AI assistance. The initial prose throughout this working manuscript, its proposed for-
malization and evaluation protocol, and its LaTeX assembly were drafted with assistance from
OpenAI Codex. The author(s) must review the technical statements, sources, and final wording
before submission. No AI tool is listed as an author, and no model-generated experimental results
are presented. This disclosure identifies drafting assistance rather than implying completed human
validation.

9 Conclusion
An intent-graph runtime offers a way to reserve generative reasoning for unresolved decisions while
executing known actions through explicit contracts. On a phone, that separation creates a resource-
control problem spanning reuse, inference placement, service availability, and recovery from inter-
rupted side effects. The existing HiOS application provides useful planner and executor compo-
nents, but the proposed adaptive controller and validated reuse system remain research work. The
decisive next step is a matched physical-device study that measures total cost and independently
verified completion. Until that evidence exists, reduced tokens, improved battery life, and stronger
reliability remain hypotheses rather than findings.
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Table 3: Pending evaluation. All entries are unmeasured. Energy units must be fixed by the
validated instrumentation before filling this table. Success must include uncertainty; local and
cloud tokens must be broken out in the final report.
System Success Energy/ Tokens/ Deadline False

(%) completion attempt success (%) success (%)

Per-step control — — — — —
Static local-first — — — — —
Graph, no reuse — — — — —
Static validated reuse — — — — —
Rule-based adaptation — — — — —
Learned policy (conditional) — — — — —

[26] Zhenhailong Wang, Haiyang Xu, Junyang Wang, Xi Zhang, Ming Yan, Ji Zhang, Fei
Huang, and Heng Ji. Mobile-Agent-E: Self-evolving mobile assistant for complex tasks.
arXiv:2501.11733, 2025. URL https://arxiv.org/abs/2501.11733.

[27] Bo Wu, Sid Wang, Yunhao Tang, Jia Ding, Eryk Helenowski, Liang Tan, Tengyu Xu, Tushar
Gowda, Zhengxing Chen, Chen Zhu, Xiaocheng Tang, Yundi Qian, Beibei Zhu, and Rui Hou.
LlamaRL: A distributed asynchronous reinforcement learning framework for efficient large-
scale LLM training, 2025. URL https://arxiv.org/abs/2505.24034v2. Version 2; used as
a systems-evaluation methodological comparison.

[28] Shunyu Yao, Jeffrey Zhao, Dian Yu, Nan Du, Izhak Shafran, Karthik Narasimhan, and Yuan
Cao. ReAct: Synergizing reasoning and acting in language models. arXiv:2210.03629v3, 2023.
URL https://arxiv.org/abs/2210.03629v3. ICLR 2023.

[29] Cheng Zhang, Erhu Feng, Xi Zhao, Yisheng Zhao, Wangbo Gong, Jiahui Sun, Dong Du,
Zhichao Hua, Yubin Xia, and Haibo Chen. MobiAgent: A systematic framework for customiz-
able mobile agents. arXiv:2509.00531, 2025. URL https://arxiv.org/abs/2509.00531.

[30] Linghua Zhang. Jev-Mobile: Jev as an executor for mobile GUI agents. arXiv:2609.30186v1,
2026. URL https://arxiv.org/abs/2609.30186v1.

A Pending Result Reporting Template
This table is an unmeasured reporting template. It contains no benchmark results.

B Example Action Contract
This illustrative schema shows an action after argument binding. It is a proposed representation,
not the current Swift serialization. The output reference is resolved only after the producing node
has committed. The example does not establish an implemented remote service.
{

"id": "send_total",
"action": "fixture.message.send",
"schema_version": 1,
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"inputs": {
"destination": "test-team",
"total": {"from": "extract.total"}

},
"requires": ["network", "test-account"],
"preconditions": ["destination_confirmed"],
"postconditions": ["message_found_by_key"],
"effect": "remote_write",
"retry": {

"mode": "reconcile_before_retry",
"max_attempts": 2,
"idempotency_key": "task-id/node-id"

},
"conflict_domain": "test-team-outbox"

}

C Trace and Outcome Requirements
Each trace should retain a task and instance identifier, workflow family, device/OS/build identi-
fiers, model identifiers, tool-registry version, skill-library version, and assignment to baseline and
condition. Each event records monotonic time, the active node and attempt, capability decisions,
resource observations, inference location, token-count provenance, tool outcome, verification evi-
dence, and checkpoint state. Sensitive content can be replaced with fixture identifiers; necessary
scientific fields should not be dropped silently.

The task outcome record distinguishes complete, failed, infeasible, pending, and handed off.
It also retains the separate oracle verdict and whether the runtime itself claimed success. This
supports direct measurement of false success. A successful retry contributes its entire attempt
history to costs. A lost trace is a missing observation whose cause and frequency must be reported,
not a failed or successful task by default.

D Source Audit Map
The audit uses paths relative to the iOS repository. A machine-readable manifest in the manuscript
project records full SHA-256 hashes and the observed repository HEAD. The paths identify evidence
for the implementation discussion; they do not constitute a public source release.

Planner. HiOS/Services/HiOS/HiOSPlannerService.swift: native classification, deterministic
paths, model planning, and fallback.

Executor. HiOS/Services/HiOS/HiOSAgentLoop.swift: workflow lookup, topological execu-
tion, verification paths, and workflow recording.

Graph types. HiOS/Services/HiOS/TaskGraph.swift and HiOS/Services/HiOS/TaskNode.
swift: dependencies, node fields, and verification criteria.

Local model. HiOS/Services/FoundationModelService.swift: generation wrapper and text-
based verification helper.

Memory. HiOS/Services/WorkflowManager.swift and HiOS/Models/WorkflowTemplate.swi
ft: stored tool sequences and text-based matching.

21



Context. HiOS/Services/SystemContextService.swift: device context including battery level.

Evaluation scaffold. HiOSTests/HeadlessAgentRunnerTests.swift: opt-in headless execution
and response-based pass criteria.

E From Architecture Diagrams to Executable Claims
The existing architecture documents communicate an intent–plan–execute–verify loop. That loop is
a useful conceptual basis, but a diagram alone does not establish typed contracts, parallel schedul-
ing, or adaptation to changing resources. Older flow descriptions and newer source paths are not
fully aligned: a local helper’s historical role differs from current native routing, and a graph can be
executed sequentially. For this manuscript, source inspection determines implementation status;
the new runtime diagram describes the proposed design. These two evidence levels should remain
separate as the application evolves.
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