The Cost-Reliability Paradox

Why Cheaper Inference Causes Structural Drift
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You treat these as separate metrics. They are not. They are causally linked.




The Inference Economy Mandates Optimization
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CapEx Pressure e3¢ Hardware
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. $200B+ annual hyperscaler -'\—\*gf”-—-' Diversification
investment demands continuous Fleets now mix TPUs, GPUs, and
utilization improvements and marginal custom ASICs, requiring complex,
cost reduction. dynamic routing layers.
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Energy Constraints f%jj Agent Token Growth

_ .| Projected 175% surge in data Autonomous multi-step workflows
.| center power demand by 2030 drive a 20-30x increase In total
(1,700 TWh by 2035). 72% of executives token consumption compared to
cite grid stress as the leading challenge. standard generation.




The lllusion of Local Optimization
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Speculative Context Dynamic Power-Aware SN
Decoding Compression Routing Scheduling /
Delivers 2-3x Yields memory Maximizes fleet Ensures infrastructure \
inference speedup  savings and increased utilization and cost  stability under

without quality loss. batch capacity. efficiency. energy limits.

These mechanisms are highly effective individually. But collectively, they act as an
architectural force that alters the deployed behavior of the system.



The Revelation: Control Geometry

| The Al Model Weights — The Execution Environment

Unchanged. Static. Routing, scheduling, and resource
limits are continuously shifting.

Control Geometry

The structural arrangement
of execution pathways,
decision points, and state
transitions that govern
system behavior at runtime. ||

Structural Drift occurs when systems
behave differently not because the
model changed, but because the
execution topology surrounding it
was altered by cost optimization.




The 5 Hidden Levers of Control Geometry

1. Branching Width

Exploration depth narrows to minimize token expenditure.
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2. Retry Depth

Recovery attempts shrink to control loop costs.

3. Context Persistence
Intermediate state is dropped to reduce memory footprint.
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4. Tool Call Ordering -

Execution sequences shift based on scheduling priorities.
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5. Temporal Budget

Reasoning time compresses to meet latency guarantees.

These are not performance metrics.
They are structural boundaries.



Composition Creates Emergence

Context " Speculative Power-Aware { Retry | Queue Speculative |
Compression Decoding | Throttling \ Policies | Scheduling Decoding

Unexpected verification overhead Unintended early truncation (latency Branching variance depending
(compression removes intermediate variability is misinterpreted as failure, entirely on queue position.
state the draft model needs). cutting off reasoning loops).

execution pathways that bypass initial design intent.




The Agent Amplifier

Autonomous agents
require multi-step
reasoning.

These behaviors are the
first to hit cost-induced
structural constraints.

20-30x =

Token Multiplier

I | ~\ Observe  Execute The agent remains

operational, but its
reasoning depth is subtly,
invisibly reduced.



Execution Topology

Speculative exploration width,

Retry topologies,
Execution trajectory shifts.

Context availability,

E - S

e el W L l
R N
. T e
_:...,......_P__.r.._.wu._.- e AV W

W AN = y
.\\.l.f A\ S5y, AN i

SR N FNSEE D S
. A //
v’ SR A
AVY il
=4 4 x
AN

Latency, Throughput, Token Cost,

Error Rates,

Performance Outcomes

=

£}

L

b5 B 4\ 7)
.,.M.”._. ﬂ .,ﬂ.m.._n__ ...._.u._m_._..‘ M hﬁh . %ﬁ.\\
" AN\, .S e, LA
VES SE NN IN o
ERBL DS N
O ALASIEAZ SN
AN/ A g on S Ay
RNie, Ve S\
— .
HH M. - e | S _1_.
— ] 7y = | =
N
B ﬁwﬁﬁﬂiﬂ.&i

3 - L AT | T
2!1,},‘_ b ﬂ.ﬁlv&ﬁﬁﬂiﬂ.\w
N T h
’/ RS
ey S
AR . o+ ‘_ i ...f...ﬁ
'-h ..._r -.“_a.__.... aﬂi..l.'.,..‘. W‘.ﬁifi.r.ﬂ f..'_
’E_..f._.ﬂw..u L SN KK v
\ .uh.‘w,_ﬁ.ﬂ'ﬂ%&; [ S ARy
LS R AR 22
glﬁ,ﬁﬁ T O\
j.h..nl_r .:& .-_.._.-_..___..._ . _ : ! )
.J_‘. .___"_.\. h.l lH. ; e
Ly = 0 - "
\ Wvﬂ-.ﬂhﬂ = -
- e A2
kmﬂ,%_n Nl
.‘..h. o] .!HU“”.
A R

I..‘L.w_-__ .‘_ _-ﬁ._ o .“@h.ﬂ‘.r'ﬂ,

@ﬂ:&»’%/,

A\

W.ﬂm N7
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Standard Observability Has a Diagnostic Gap

62% of organizations experience
unexpected cost overruns in Year 1,
intensifying optimization efforts
while system behavior quietly evolves.




Benchmarks vs. Production Reality

The Evaluated Model (Benchmarks)
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e Fixed context sizes

e Deterministic
scheduling

e Unconstrained retry
budgets

* Isolated request
execution

k‘l
L

The environment assumed by benchmarks differs structurally

The Deployed System (Production)
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_ * Heterogeneous
/" hardware routing

 Fluctuating workloads
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¢ Cost-aware truncation / "

 Dynamic power-aware N
I L scheduling /f {4

from the environment in which systems actually operate.




The Missing Layer: Structural Diagnostics

Performance

How fast does the system respond,

and how much does it cost? Structural

How did the execution
path evolve under
operational constraints?

The gap is categorical, not quantitative. Increasing the granularity of latency histograms will never
reveal changes in control geometry. We must analyze systems as distributed control networks.



The SORT Diagnostic Framework

| Symptom:

- Drift without
weight change

| Symptom:

| Control geometry
shifts

":"::i‘:_ Symptﬂm:

| Agent reliability
variance

.

| Symptom:

.| Hardware-dependent
' behavior

ai.02 Structural Drift Diagnostics
(Detecting execution-layer drift over time)
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ai.04 Runtime Control Coherence
(Analyzing consistency across different
load/runtime regimes)
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ai.13 Agentic System Stability
(Monitoring multi-step task coherence
and retry topology)

ai.07 / ai.01 Interconnect Stability

| (Cross-accelerator runtime stability analysis)




Strategic Implications for Al Infrastructure
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Heterogeneous
Fleet Management

Workload behavior is now
partially dependent on
accelerator class.
Architectural coherence
analysis must accompany
performance benchmarking.

Power-Constrained
Scaling

Cluster power-management
policies directly interact with
execution topology.
Capacity planning must
account for power-induced
scheduling shifts.

Infrastructure
Migration

Systems become coupled to
their specific serving stack.
Migrating perfectly identical
weights to new
infrastructure will yield
different behaviors if the
control geometry changes.



Conclusion

“Cost optimization is not
neutral. It rewrites the
geometry of control.”

The transition to the inference era requires structural diagnostics.
Architects must explicitly manage execution topology to preserve
both economic efficiency and agent reliability at scale.
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