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02 - SUBJECT AREA UNISWAP V4 - DEFI AMM &

CONCENTRATED LIQUIDITY

Decentralized exchanges and automated market makers

Trades settle on-chain through the AMM formula rather than an order book. Uniswap's evolution is a

steady increase in capital efficiency and pool programmability.

V2 V3 V4

Constant product Concentrated liquidity Singleton + hooks

Invariant x-y=k; liquidity spread uniformly across  Capital in a range [Pa, Pb] with fee tiers. More A single PoolManager, flash accounting (EIP-

the whole curve — simple, but capital is used efficient, but a position goes idle outside its range 1153) and programmable hooks — adaptive logic
inefficiently. and needs manual management. embedded in the pool lifecycle.
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03 ‘- RELEVANCE TOXIC FLOW - LOSS-VERSUS-REBALANCING

Liquidity providers systematically lose to adverse
selection

Arbitrageurs exploit stale pool prices, execute near risk-

o)
free trades and transfer value from LPs to themselves. >50 /o

. . . : f retail LPs in large V3 pools underperf ive holdi
This effect is formalized as Loss-Versus-Rebalancing orretalrs niarge ¥ poots Underperiorm passive Roiding once

(LVR) .

costs are accounted for

In Uniswap V3 a competitive position needs manual range updates or

Research question

external bots: latency, gas overhead and extra trust assumptions. . S .
Can protocol-native adaptivity in V4 improve the LP outcome after

gas?
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04 - GOAL AND OBJECTIVES ONE GOAL - SIX OBJECTIVES

GoAL  Assess whether protocol-native adaptivity in Uniswap V4 — adaptive fees and ranges via hooks — improves

the liquidity provider's net outcome after gas, compared with passive and externally managed strategies.

01 Study the V4 architecture (singleton, flash 02 Develop an adaptive fee-hook: a Solidity 03 Build an event-driven backtesting engine on
accounting, hooks) and the formalization of reference and an algebraically identical Fractal and the data layer (data bridge).
LVR / toxic flow. Python model.

04 Define six strategy classes and metrics:net ()5 Run rolling validation on ETH/USD history 06 Assess hook risks: threat matrix, dynamic
PnL, RV, FARV, LVR reference. and test the statistical hypotheses. Foundry tests, JIT side channel.
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05 - ANALYSIS OF EXISTING SOLUTIONS ANALOGS - APPROACHES - MODELS

Adaptivity is already baked into protocols or offloaded to
external bots

V4 offers a third path — programmable, pool-native logic without modifying the core.

SOLUTION AUTHORS / COMPANY APPROACH LIMITATION

Curve - CryptoSwap Curve Finance Internal oracles, dynamic concentration Logic hard-wired into the core, not
extensible

Algebra Integral Algebra Finance Dynamic fees at the protocol level Tied to a specific DEX implementation

V3 + external bots Arrakis, Gamma, etc. Off-chain range rebalancing Latency, cross-call gas, trust

DRL agents Zhang+ (2023), Xu & Brini (2025) Reinforcement learning, LVR in the reward Needs an interactive multi-agent

environment

LVR - RV / FARV Milionis+ (2022), Tangri+ (2023) Adverse-selection metrics Require a continuous price oracle
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06 - FUNCTIONAL REQUIREMENTS WHAT THE SYSTEM MUST DO

Requirements for the prototype

— Fee adaptation —>  Two identical implementations

adjust the swap fee to realized volatility inside the swap lifecycle an on-chain Solidity hook and an algebraically equivalent Python model
— Deterministic backtest — Metric suite

reproducible replay of price history and swap events with a fixed seed net PnL after gas, 50/50, RV, FARV, range activity, rebalance count
— Strategy comparison —> Statistics and risks

at least six classes on identical observations and capital binomial tests, bootstrap Cl; hook threat matrix and JIT model
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07 ‘- CHOICE OF METHODS AND MODELS

RATIONALE FOR THE CHOICES

Interpretable rules, anchored to the literature

Volatility estimate — EWMA (a = 0.20)

Recursive and lightweight on-chain — no need to store an observation

window.

Rule-based, not RL
The environment is single-agent and open-loop: without interactive feedback

RL collapses into regression.

Framework — Fractal

Adaptive Liquidity in Uniswap V4

Fee policy — saturating linear
Interpolation fmin=5 — fmax =100 bps over o thresholds plus a flow-surge

premium.

Metrics from the literature — LVR, RV, FARV
LVR (Milionis+) as a conceptual reference; RV / FARV (Tangri+) as strict

diagnostics.

Unified strategy interface, MLflow experiment tracking and a grid-runner for parameter sweeps.
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08 - DEVELOPED METHOD ADAPTIVEFEEHOOK - EWMA — FEE

Adaptive fee-hook: the fee follows volatility

PoolManager calls the hook twice per swap; flash accounting nets every balance change within a single

transaction.

i - beforeSwap ii - execute iii - afterSwap

The hook reads its EWMA state and returns PoolManager applies the fee to the swap; The hook updates the EWMA variance from

the fee in basis points. balances net within one transaction. the new mid price; state is persisted.
a=0.20 fmin = 5 bps fmax = 100 bps olow = 2-10-3 ohigh = 3-10-2 + flow-surge premium
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09

PROTOTYPE ARCHITECTURE

A five-layer research prototype

n Inputs

Synthetic path + historical
ETH/USD 1h windows

g On-chain reference
Solidity hook + algebraically

identical Python model

B Data bridge

SwapEvent —

n Off-chain strategies

Six strategy classes on

FIVE LAYERS - LP MAIN PATH

B Evaluation

Net PnL after gas, 50/50, RV /

fractal.Observation: price, FARV, bootstrap Cl

Fractal DefaultPipeline

volume, fees, TVL
ETHUSD_1h_...csv

AdaptiveFeeHook.sol OnChainDataBridge

RangeReset - RegimeAware results/tables/*.csv

S IDE CHANNEL JIT liquidity and anti-JIT protection are modeled as an adversarial branch off the data bridge — feeding only the risks section, never the LP main

path.

Research prototype for adaptive liguidity in Uniswap vV

L, Dhata bridge
OnChainDakab idge

Yo apl v Frim Bl | Mot
IHanspe ek, sl

RY and PARY ot dhis proesaics

source: adaptive_liquidity/ core modules and docs/figures/architecture.
Adaptive Liquidity in Uniswap V4

09/ 16



Security, protocol risk, and stress limits

the project evaluates not only profit, but also where the architecture remains vulnerable or incomplete.

T and anty JI'T sxde channel

[aste Brwdpe, ChnClinen D@ alkr slpge

]

modelled separately from the core LP

comparison
The main open problem is still stress behaviour: very adverse windows remain difficult for the current rule-based policy. ;



10 - IMPLEMENTATION TOOLS AND EXPERIMENT PLAN STACK - DATA - METRICS

Tools and validation design

IMPLEMENTATION TOOLS EXPERIMENT PLAN
Solidity - Foundry on-chain reference, forge tests
9yrs 110
Python O TR, B HEE ETH/USD, 1-hour frequency non-overlapping 7-day windows
Fractal - MLflow pipeline, grid-runner, tracking
pytest - bootstrap 20 unit tests, statistics 6 PnL

strategy classes net after gas — primary metric

Capital 1000 USD, gas 2 USD per on-chain action, 30-day window stride — no

manual interval selection.
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11 - EXPERIMENTAL RESULTS ROLLING VALIDATION ETH/USD 1H

The adaptive fee-hook wins 101 of 110 windows

I 0 I across all 110 windows, Right; per window Fnl against realired volatifly,
/ 1 1 0 «1.45% % mean

E

Windows won - mean +1.32 % - median +1.18 % - positive in 60.4 %

: . .
WINS BY STRATEGY CLASS H -- o
i £ .
Adaptive fee-hook 101 : T L
i p o
: : ‘
Static range 5 : =
a H
Regime-aware range 2 The edge comes at the fee level, not range geometry — at 1000 USD capital the gas of frequent rebalancing eats
o
, . the benefit.
Combined adaptive 2
o
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12 - RESULTS: STATISTICAL VALIDATION H1A - H1B - H1C - A = 0.05

Three hypotheses on the same 110 windows

Hla H1b Hlc

Strategy dominance Positive profitability Positive effect size
Ho:p=0.5—>Hy:p>0.5k=101/110, binomial Ho:p=0.5—>Hy:p>0.5k=66/110, binomial Ho: < 0 — Hq: p > 0 bootstrap B =10 000

p=3.92-10-21 p = 0.022 Clgs = [+0.17; +2.75] %
reject Ho reject Ho Cl above zero

All three null hypotheses are rejected at the 5 % level. Mean across wins +1.45 % ; seed = 42, results reproducible from the project scripts and

notebook.

12/ 16
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13 - RESEARCH WORK

A research paper and
infographics

The project also produced an IEEE-format research paper:
«Modeling and Evaluation of Adaptive Liquidity Strategies in Uniswap
V4» .

— Four-layer prototype: Solidity + Python mirror
— Unified evaluation layer: realized PnL, 50/50, RV / FARV
— Rolling validation, binomial tests, bootstrap

— HookScope-style security assessment of the hook

Adaptive Liquidity in Uniswap V4

BERTAWCE NOTE 31 3 valedn ETHuRD 18

The adaptive fee hook

wins 101 of the 110
rolling windows.

wimmING mNpOwE

VALIGATION FARAME IS

o URERWAP ¥4

N 118 wisgews

e g 7 dayn
[Ty — B days
bae. bmpercy IS, 1 hier
1 1 LY - DRZS-ME
PR RN
A b d “H %
L
Wik COUNT FIS STRATEST CLARE
o BRSO L 1 P S § SIS ST 1 R 8 R0 P 0 PR Sros
g fes hock m
I - i
gt B aw i
S— T
. s i ey
.
-
*
’ r &
I ! - ...
i L ®
: L
= s
RTPTHESIE TEST. HAA Ty
o L Sangle s i, KTHAUSD i v Beoarly Beorisem
n Mhinbelied i b rcmessos 1 S pur
om cham srrios; ey i Hrponed in § 4
e, T 34730 s prmwy o, it ddnten a7l E¥.
L. omn alded blammlad  greyen ey e e 0 ioaming ape
P vk 1.8 = M- raaneed on thes dstwen
oo st 8 = 108 refecn &
i ey

e RIS R

fa - o

Modeling and Evaluation of Adaptive Liquidity

Strategies in

Uniswap V4

Amira Khabibullina

Abstraci—Liquidity providers in Unbswap V3 froquenily under-
perferm pawive helding when prices move sulside their chossn
range or when arbitrage bmpoves low versus rebalancieg. Uniswap
V4 introduces a singlelon pool architecture and programmable
s, which make it possible to adjust the swap fee and the sctive
range Trom within ihe pool Blecycle sl We build 2 four Laver
roscarch protolype thal pairs a Selidity reference hook with an
algghraically cquivalent Python mirrer, a Fractal based off chain
back testing layer, and an cvaluation layer ihal reports realinod
gas adjusted Pol. togeiher with 3 SWE0 hald referonce proxy and
the artiche grounded relative vabue and fee adjusted relative vaboe
of Tangri et al. The profolype b validated on 110 non overlapping
7 day windows of hourly ETIVUSD data with no hand picking.
The Adapiive fee hook is the realired nel Pol. winmer in 101 of 1
windows: & one sided bisomisl test agalet the null 15, : 5= 05
yields p o 392 % 1077, and a 95% bootstrap confidence imierval
on the mean best realized net Pal bs [+0.174, +2.9500 %, stricily
abeve zero. Just in time lguidity attacks and antl JIT pretection
are medelled 2x an sdversarial sde ehanmel and ds soi ener ihe
LP main path.

Index Termi—Uniswap V4, programmalbile hooks, adaptive
ligquidity, rebalancing, dymambc foes, secarity amalysis, lns versus
rebalincing. hypothesis tesding:

L INTRODUCTION

Decemralised exchange design in DeFi has evolved from
the constant product imvariant of Uniswap V2 3], where
liquidity is spread uniformly along the price curve, 1o the
concentrated liquidity design of Uniswap V3 [1], in which a
liggu ¢ provider (LP) allocates capital inside 5 chosen price
interval [, I, Concentration improves capital efficiency
but makes the LP inactive whenover the spat price exits
its range. Uniswap V4 extends this evolution with twe new
archatectural ingredients [2]: a singleton PeelManager contract
that hosts every pood. and hooks. external contracts altached o
o pool that execute user defined logic a1 well defined lifecycle
points such as b ySwap. arSwap, and liquidity
moidification callbacks. A third ingredient, flash accounting
based an EIP 1153 transient storage [3], [4]. nets intermediate
balance changes inside ome transaction aml seules only the
final delta. Together these mechanisms make it cheap o embed
adaptive logie inside the pool tself.

The phenonsenon of toxic flonw and its formalisation as
Versus Rebalancing (LVR) 5] caplures one of the
frictions faced by LPs in modern AMMs. Arbitrageurs explon
temporary price staleness on chain. execute effectively riskless
trades. and tramsfer valuse from passive LIPS to themsclves,
Empirical studies of Uniswap V3 LP returns [6]-[8] repoet that
providing Bguidity in unfavoursble regimes can underperform
a passive 30050 hold of the same notional afler gas costs. The

expected practical significance of Vi books is therefore 1o
reduce stale liquadity exposure and improve fee caplure by
adjusting fees and range geometry inside the poal lifecyele (9],
rahed than felying on thind party bols whose lateacy and gas
overhead are well documented [10].

Seape.: This paper doss not propose a deep reinforcement
genl The scope is the comparison of rule based hook
statie V3 like baseline and an externally
arcement learmng based extensions
(1], [12] are Nisted only as falure work.

Research question.: Do sdaptive fee and adaptive range
policies improve LP realized net Pol relative to & static
range, fived fee baseline on a rolling ETH 1h vabdation, afier
subiracting modelled gas?

Comtributions.: The paper makes four contnbulions:

A four layer rescarch profotype that pairs a Soludity
reference hook (Foundry tested) wilth an algebraically
identecal Python marror sutable for fas back esting
(Fagure 1),

A unified evaluation layer that reports realized Pal., a
30750 hold reference proxy, amd the anticle grounded RV
and FARV diagnostics of Tangri et al. [13] on the sanse
irajosiorics.

A rolling ETH 1h validstion over |10 non overlapping 7
day windows that removes hand pscking bias amd supports
a binomial 1est of wins togeiher with a whole wandow
bootstrap confidence interval on the headline cffect size.
A HookScope inspired security evaluation of the reference
hook's lifecycle eniry points [14]-[16]

.

*

.

1, BACKOROUND AND RELATID WoORK

The Uniswap whitepapers [1]. 2] define the constant produsct
imariant and the tick representation of price, pli) = LO0DL',
Concentrated liquidity changes the operational profile of an
LP position: the position is active only when the spit price
stays inside the chosen tick interval. Heimbach and colleagues
16] and Goyal and colleagues. [7]. [8] dosument empirically
that a large share of V2 LPs underperform a passive hodd once
fees are weighed againd impermanent loss
foallemi and Roughgarden [5] £ lise LVRE
yslematic boss of an AMM LP against a rebalancing
sralegy with a comimuous external referemce price. LVE 15
fundamentally distinct from a 500630 hold shoatfall: it measunes
the unhedgeable component of div noe loss driven by
adverse selection and depends only on the path of the reference
price and the liguidiny density at that price, not on the LPs
wnitial postfolio mix. The prototype reports a S0050 hold
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SUMMARY
14 - MAIN RESULTS AND CONCLUSIONS

V4 as programmable infrastructure for autonomous liquidity

Best strategy frequency across N = 110 rolling ETH 1h windows

adaptive_fee_hook

Adaptive fee hook dynamics on the demo synthetic price path

101/110 | ]

The adaptive fee-hook is the rolling-validation

regime_aware_range

price (USD)

winner; dominance is statistically confirmed.

combined_adaptive

o
g

fee > range

At retail capital the edge comes from fee

60 80 100
windows where this strategy is the realized net PnL winner

o
£

o
[

2
E.-
S
<
=
z
=

o
8

adaptivity, not range geometry — gas decides.

method

A reproducible methodology for comparing

applied fee
base fee

fee (bps)

native adaptivity with off-chain management on

10 15
swap event index

economic metrics.

The conclusion holds within the experiment's scope: a single ETH/USD pool, a constant gas model and rule-based policies. The results establish
feasibility and comparative behavior, not production readiness.

Adaptive Liquidity in Uniswap V4 14/ 16



Statistical validation and market regimes

Statistical layer

-H1a, H1b, and H1c are all rejected on the rolling H1a binomial test, p value = 3.92¢-21
validation set 102 '
. . . . - observed k=101 (adaptive_fee_hook)
- the binomial tests are used for window counts, -y E = SEoEkAl A
while bootstrap is used for the mean effect size N = R S
g 10~ - :
i
Market interpretation S
-ﬁ ]Dniﬂ -
<
- mixed and trend-up windows are the most Ty
favourable -
- calm windows are close to neutral l||
- stress windows remain the main weakness 5 20 16 & . >
- strict LP profitability stays harder than raw OIS DN RGP VEL R Sl K08

realized pnl

sources: verify_paper_numbers inputs; historical_best_strategy _summary.csv; eth_1h validation tables. ;



15 - DIRECTIONS FOR FUTURE WORK FUTURE WORK

Where to take the prototype

On-chain integration Adversarial testing Market microstructure

a unified fee + range hook, EVM fork tests, guards fuzzing, invariant testing, trigger manipulation and endogenous order-flow response to fee and range
against parameter oscillation toxic flow changes

Cross-pool and regimes Multi-agent environment + RL Deployment readiness

tests on BTC/USD, stable-to-stable and pools of closed loop, PPO / SAC against rule-based baselines gas budgets, trigger monitoring, fail-safe and
varying depth emergency shutdown

Adaptive Liquidity in Uniswap V4 15/ 16
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	· SUBJECT AREA
	Decentralized exchanges and automated market makers
	Trades settle on-chain through the AMM formula rather than an order book. Uniswap's evolution is a steady increase in capital efficiency and pool programmability.
	V2
	Constant product
	Invariant x·y=k; liquidity spread uniformly across the whole curve — simple, but capital is used inefficiently.


	V3
	Concentrated liquidity
	Capital in a range [Pa, Pb] with fee tiers. More efficient, but a position goes idle outside its range and needs manual management.


	V4
	Singleton + hooks
	A single PoolManager, flash accounting (EIP-1153) and programmable hooks — adaptive logic embedded in the pool lifecycle.
	· RELEVANCE
	TOXIC FLOW · LOSS-VERSUS-REBALANCING




	Liquidity providers systematically lose to adverse selection
	Arbitrageurs exploit stale pool prices, execute near risk-free trades and transfer value from LPs to themselves. This effect is formalized as Loss-Versus-Rebalancing (LVR) .

	>50%
	of retail LPs in large V3 pools underperform passive holding once costs are accounted for
	In Uniswap V3 a competitive position needs manual range updates or external bots: latency, gas overhead and extra trust assumptions.
	Research question
	Can protocol-native adaptivity in V4 improve the LP outcome after gas?
	· GOAL AND OBJECTIVES
	ONE GOAL · SIX OBJECTIVES
	GOAL



	Assess whether protocol-native adaptivity in Uniswap V4 — adaptive fees and ranges via hooks — improves the liquidity provider's net outcome after gas, compared with passive and externally managed strategies.
	Study the V4 architecture (singleton, flash accounting, hooks) and the formalization of LVR / toxic flow.
	Develop an adaptive fee-hook: a Solidity reference and an algebraically identical Python model.
	Build an event-driven backtesting engine on Fractal and the data layer (data bridge).
	Define six strategy classes and metrics: net PnL, RV, FARV, LVR reference.
	Run rolling validation on ETH/USD history and test the statistical hypotheses.
	Assess hook risks: threat matrix, dynamic Foundry tests, JIT side channel.
	· ANALYSIS OF EXISTING SOLUTIONS
	ANALOGS · APPROACHES · MODELS



	Adaptivity is already baked into protocols or offloaded to external bots
	V4 offers a third path — programmable, pool-native logic without modifying the core.
	Curve · CryptoSwap
	Curve Finance
	Internal oracles, dynamic concentration
	Logic hard-wired into the core, not extensible

	Algebra Integral
	Algebra Finance
	Dynamic fees at the protocol level
	Tied to a specific DEX implementation

	V3 + external bots
	Arrakis, Gamma, etc.
	Off-chain range rebalancing
	Latency, cross-call gas, trust

	DRL agents
	Zhang+ (2023), Xu & Brini (2025)
	Reinforcement learning, LVR in the reward
	Needs an interactive multi-agent environment

	LVR · RV / FARV
	Milionis+ (2022), Tangri+ (2023)
	Adverse-selection metrics
	Require a continuous price oracle
	· FUNCTIONAL REQUIREMENTS
	WHAT THE SYSTEM MUST DO



	Requirements for the prototype
	Fee adaptation
	adjust the swap fee to realized volatility inside the swap lifecycle

	Deterministic backtest
	reproducible replay of price history and swap events with a fixed seed

	Strategy comparison
	at least six classes on identical observations and capital

	Two identical implementations
	an on-chain Solidity hook and an algebraically equivalent Python model

	Metric suite
	net PnL after gas, 50/50, RV, FARV, range activity, rebalance count

	Statistics and risks
	binomial tests, bootstrap CI; hook threat matrix and JIT model
	· CHOICE OF METHODS AND MODELS
	RATIONALE FOR THE CHOICES




	Interpretable rules, anchored to the literature
	Volatility estimate — EWMA (α = 0.20)
	Recursive and lightweight on-chain — no need to store an observation window.

	Fee policy — saturating linear
	Interpolation fmin=5 → fmax =100 bps over σ thresholds plus a flow-surge premium.

	Rule-based, not RL
	The environment is single-agent and open-loop: without interactive feedback RL collapses into regression.

	Metrics from the literature — LVR, RV, FARV
	LVR (Milionis+) as a conceptual reference; RV / FARV (Tangri+) as strict diagnostics.

	Framework — Fractal
	Unified strategy interface, MLflow experiment tracking and a grid-runner for parameter sweeps.
	· DEVELOPED METHOD
	ADAPTIVEFEEHOOK · EWMA → FEE




	Adaptive fee-hook: the fee follows volatility
	PoolManager calls the hook twice per swap; flash accounting nets every balance change within a single transaction.
	i · beforeSwap
	The hook reads its EWMA state and returns the fee in basis points.
	ii · execute
	PoolManager applies the fee to the swap; balances net within one transaction.
	iii · afterSwap
	The hook updates the EWMA variance from the new mid price; state is persisted.
	α = 0.20
	fmin = 5 bps
	fmax = 100 bps
	σlow = 2·10⁻³
	σhigh = 3·10⁻²
	+ flow-surge premium

	· PROTOTYPE ARCHITECTURE
	FIVE LAYERS · LP MAIN PATH


	A five-layer research prototype
	Inputs
	Off-chain strategies
	Adaptive Liquidity in Uniswap V4
	source: adaptive_liquidity/ core modules and docs/figures/architecture.
	09/ 16

	· IMPLEMENTATION TOOLS AND EXPERIMENT PLAN
	STACK · DATA · METRICS


	Tools and validation design
	Solidity · Foundry
	on-chain reference, forge tests

	Python
	mirror model, backtest

	Fractal · MLflow
	pipeline, grid-runner, tracking

	pytest · bootstrap
	20 unit tests, statistics

	9 yrs
	ETH/USD, 1-hour frequency

	110
	non-overlapping 7-day windows
	strategy classes

	PnL
	net after gas — primary metric
	Capital 1000 USD, gas 2 USD per on-chain action, 30-day window stride — no manual interval selection.
	· EXPERIMENTAL RESULTS
	ROLLING VALIDATION ETH/USD 1H


	The adaptive fee-hook wins 101 of 110 windows

	101
	/ 110
	Adaptive fee-hook
	101
	· RESULTS: STATISTICAL VALIDATION
	H1A · H1B · H1C · Α = 0.05



	Three hypotheses on the same 110 windows
	H1a
	Strategy dominance
	p ≈ 3.92·10⁻²¹

	H1b
	Positive profitability
	p = 0.022

	H1c
	Positive effect size
	CI₉₅ = [+0.17; +2.75] %
	· RESEARCH WORK



	A research paper and infographics
	The project also produced an IEEE-format research paper: «Modeling and Evaluation of Adaptive Liquidity Strategies in Uniswap V4» .
	Four-layer prototype: Solidity + Python mirror
	Unified evaluation layer: realized PnL, 50/50, RV / FARV
	Rolling validation, binomial tests, bootstrap
	HookScope-style security assessment of the hook
	· MAIN RESULTS AND CONCLUSIONS
	SUMMARY




	V4 as programmable infrastructure for autonomous liquidity
	101/110
	The adaptive fee-hook is the rolling-validation winner; dominance is statistically confirmed.

	fee > range
	At retail capital the edge comes from fee adaptivity, not range geometry — gas decides.

	method
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