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4% appraisal_social.pl

V4

4% A Prolog knowledge base encoding the social and public-interest role
4k of real estate and other asset appratisals. Companion to

4% appraisal_economics.pl, which covers the strictly economic azis.

Va4

4% ALl domain-specific predicates are prefized with “social_~ so this
4% module can be loaded alongside appratisal_economics.pl (and any other
4% companion KBs) without name collisions, and so cross—-KB rules can

A% mention both wvocabularies unambiguously.

VA

4% Conceptual model:

A% - Appraisals support social DECISION TYPES.

4% - Each decision involves identifiable PARTIES.

4k — Appraisal QUALITY (high [ low) drives EFFECTS across time HORIZONS.
A% - Emphasts: equity, public confidence, public interest.

VA

4% Author: generated for Bert Craytor, ValEngr / RCA context.

:- module (appraisal_social,
[ social_horizon/1
, social_party/1
, social_decision_type/1
, social_involves/2 % DecistonType, Party
, social_effect/4 %4 Quality, Horizon, Domain, Effect
, social_contribution/1
, social_hallmark/1
, social_equity_principle/1
, social_public_interest_claim/1
, social_positive_effect/3
, social_negative_effect/3
, social_horizon_summary/2
, social_consequences_of_quality/2
, social_parties_affected_by/2
, social_public_harm/2
, social_private_harm/2
, social_appraisal_is_public_interest/0

:— discontiguous social_effect/4.
:— discontiguous social_involves/2.
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A RSt
A% 1. Time horizons

A

social_horizon(short_term).
social_horizon(medium_term) .
social_horizon(long_term).

AY mmmmmmm e e e
A% 2. Parties whose decisions depend on appraisals

V44

4% The opening sentence enumerates these explicitly.

T

social_party(buyers) .
social_party(sellers).
social_party(lenders).
social_party(insurers).
social_party(investors) .
social_party(courts) .
social_party(taxing_authorities).
social_party(general_public).

o e
4% 3. Types of decisions appraisals inform

e

social_decision_type(property_transfer).

social_decision_type(financing).

social_decision_type(taxation).

social_decision_type(stewardship) .

social_decision_type(insurance_coverage).

social_decision_type(adjudication). 7 courts: condemnation, divorce, estate
social_decision_type(public_administration).

social_involves(property_transfer, buyers) .
social_involves(property_transfer, sellers).
social_involves(financing, lenders).
social_involves(financing, buyers) .
social_involves(taxation, taxing_authorities).
social_involves(taxation, general_public).
social_involves(stewardship, investors).
social_involves(stewardship, general_public).
social_involves(insurance_coverage, insurers).
social_involves(insurance_coverage, buyers) .
social_involves(adjudication, courts) .

social_involves(public_administration, taxing_authorities).
social_involves(public_administration, general_public).

Bl ———eeee e e
A% 4. What high-quality appraisals contribute (second sentence)
e

social_contribution(market_transparency).
social_contribution(public_confidence).
social_contribution(efficient_capital_allocation).
social_contribution(stability_of_financial_institutions).
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social_hallmark(independence) .
social_hallmark(well_supported).
social_hallmark(grounded_in_evidence).
social_hallmark(grounded_in_analysis).

4k 5. Effects of appraisal quality by horizon

/4% ———— SHORT TERM: high quality --—-

social_effect(high, short_term, financing,
social_effect(high, short_term, taxation,

A% —---- SHORT TERM: low quality ----

social_effect(low, short_term, taxation,
social_effect(low, short_term, financing,
— inappropriate_lending_decisions).

— immediate_financial_harm_to_individuals).

A% —---— MEDIUM TERM: high quality ---—-
social_effect(high, medium_term, markets,
social_effect(high, medium_term, financing,
social_effect(high, medium_term, taxation,

— equitable_insurance_coverage) .
social_effect(high, medium_term, adjudication,

A% ---— MEDIUM TERM: low quality ——--
social_effect(low, medium_term, markets,
social_effect(low, medium_term, financing,
— impaired_credit_underwriting).
social_effect(low, medium_term, markets,
— encouragement_of_speculation).
social_effect(low, medium_term, taxation,

— inequitable_insurance_coverage) .
social_effect(low, medium_term, adjudication,
social_effect(low, medium_term, markets,

4% —--— LONG TERM: high quality ——--
social_effect(high, long_term, institutions,
social_effect(high, long_term, markets,
social_effect(high, long_term, institutions,
social_effect(high, long_term, communities,
social_effect(high, long_term, public_interest,
social_effect(high, long_term, public_interest,
social_effect(high, long_term, public_interest,

4% Characteristics of a high—qualtity appraisal opinion of walue.

social_hallmark(grounded_in_professional_judgment).
A

I =

social_effect(high, short_term, property_transfer, fair_pricing_for_parties).

appropriate_lending_decisions) .
accurate_individual_ assessment).

social_effect(low, short_term, property_transfer, buyer_overpayment) .
social_effect(low, short_term, property_transfer, seller_underselling).

excessive_individual_taxation).

social_effect(low, short_term, property_transfer,

clear_market_signals).
sound_credit_underwriting).
equitable_tax_assessment).

social_effect(high, medium_term, insurance_coverage,

reduced_litigation_pressure) .

distorted_market_signals).

inequitable_taxation).

social_effect(low, medium_term, insurance_coverage,

increased_litigation).
transactional distrust).

public_confidence_in_institutions).
public_confidence_in_markets).
financial_stability).
equitable_community_outcomes) .
economic_resilience).
social_fairness).
long_term_public_good) .

4% —--— LONG TERM: low quality —--—-
social_effect(low, long_term, markets, eroded_market_confidence) .

social_effect(low, long term, institutions, eroded_institutional_confidence) .
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social_effect(low, long_term, institutions, financial_instability).
social_effect(low, long_term, markets, resource_misallocation).
social_effect(low, long_term, communities, mneighborhood_decline).
social_effect(low, long term, communities, neighborhood_overinvestment) .
social_effect(low, long term, communities, social_inequities_for_households).
social_effect(low, long_term, communities, social_inequities_for_businesses).
social_effect(low, long_term, communities, social_inequities_for_communities).

I

4k 6. Equity principles and public-interest claims

social_equity_principle(informed_decisions).
social_equity_principle(equitable_decisions).
social_equity_principle(fair_treatment_of_parties).
social_equity_principle(independence_of_valuer).

social_public_interest_claim(

'Real estate and other assets are a substantial portion of personal, corporate,

— and public wealth.').
social_public_interest_claim(

'Appraisal quality is not merely a private technical concern.').
social_public_interest_claim(

"Appraisal quality is tied to economic resilience.').
social_public_interest_claim(

'Appraisal quality is tied to fairmess.').
social_public_interest_claim(

'Appraisal quality is tied to the long-term public good.').

4% Top-level conclustion of the passage.
social_appraisal_is_public_interest :-
social_public_interest_claim(_). /% at least one such claim exists

e
4k 7. Derived / query predicates
R S S S

social_positive_effect(Horizon, Domain, Effect) :-
social_effect(high, Horizon, Domain, Effect).

social_negative_effect(Horizon, Domain, Effect) :-
social_effect(low, Horizon, Domain, Effect).

social_horizon_summary(Horizon, Effects) :-
findall(Quality-Effect,
social_effect(Quality, Horizon, _Domain, Effect),
Effects).

social_consequences_of_quality(Quality, List) :-
findall (consequence(Horizon, Domain, Effect),
social_effect(Quality, Horizon, Domain, Effect),
List).

social_parties_affected_by(DecisionType, Parties) :-
setof (P, social_involves(DecisionType, P), Parties).

4% Harms that fall on the public rather than on transaction principals.
social_public_harm(Horizon, Effect) :-
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social_effect(low, Horizon, Domain, Effect),
member (Domain, [markets, institutions, communities, public_interest,
< taxation]).

4% Private (transaction-level) harms.
social_private_harm(Horizon, Effect) :-
social_effect(low, Horizon, Domain, Effect),
member (Domain, [property_transfer, financing, insurance_coverage]).
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aCour-Little and Malpezm 2003; Ebrahim and Hussain 20
7140 Aetet AR Aol 244 Zol, tfE
<%

e ZA5T, BB B e LA HEEE 22410 3
U Sdon Gl BhE TATRAE A 4 AE 2 I8

N

it womb} Ades nu (bias) B AR L A4t B 2% o
SAS 910 o, ASEol® @ g 99| Stel 7]e1e 4 9} (LaCour-Little
and Malpezzi 2003; Hendershott and Kane 1992; Griffin and Maturana 2016)

A71Hoz2 = 71— AL 7t TA 0] LA Al 7:174]14 A7t ok ¢ -(,)—T;HOH11 ZFE g A 9] obk]—
AN F4 A 2 ] ol d, B 29, A Rese, 18w B4 Auto] 3
Bofof Qape wAch WAHAR O Adto] A%HY 48O WA R, S Bely, £

2 AZ)0] Ast, EASH AUA ALY v aEH ol & 2ehd 4 gt W, AUe AR
71E2 SRA A, AR A 718, A7 RS SR stE dHl o] "ot (Ghent,

Torous, and Valkanov 2019; Hendershott and Kane 1992; Ebrahim and Hussain 2010)

4k appraisal_economics.pl

V4

4% A Prolog knowledge base encoding the economic role of real estate
4% and other asset appraisals across short-, medium—, and long-term
4% horizons, including both the consequences of high-quality appraisal
4% practice and the consequences of weak or biased practice.

V4

4% ALl domain-specific predicates are prefized with “economic_’ so this
4% module can be loaded alongside appraisal_social.pl (and any other
4% companion KBs) without name collisions, and so cross—-KB rules can
4% mention both vocabularies unambiguously.

94

4% Conceptual model:

A% - Appraisals support a set of economic FUNCTIONS.

4% - Each function operates over one or more time HORIZONS.

4k - Appraisal QUALITY (high | low) drives EFFECTS on those functions.
4% - Effects are POSITIVE (benefits) when quality is high and

V94 NEGATIVE (harms) when quality %s low/systematically biased.

VA

4% Author: gemerated for Bert Craytor, ValEngr / RCA context.

:— module(appraisal_economics,
[ economic_horizon/1
, economic_function/1
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, economic_supports/2 /4 Function, Horizon

, economic_effect/4 7% Quality, Horizon, Function,
— Effect

, economic_stakeholder/1

, economic_benefits/2 /i Stakeholder, Function

, economic_positive_effect/3

, economic_negative_effect/3

, economic_horizon_summary/2 7 Horizon, Effects

, economic_consequences_of_quality/2 /% Quality, ConsequenceList
, economic_functions_at_horizon/2

, economic_stakeholders_affected_by/2

, economic_reliable_appraisals_improve/1

, economic_appraisal_quality_matters_at/1

:— discontiguous economic_effect/4.
:— discontiguous economic_supports/2.

I

A% 1. Time horizons

I

economic_horizon(short_term).
economic_horizon(medium_term) .
economic_horizon(long_term) .

I =

4% 2. Economic functions supported by appratisals

e

economic_function(credit_markets).
economic_function(investment_decisions).
economic_function(taxation_systems).
economic_function(financial_reporting).
economic_function(insurance_underwriting) .
economic_function(estate_administration).
economic_function(corporate_transactions).
economic_function(public_policy_planning).

A

A% 3. Stakeholders whose decisions depend on appraisals

I

economic_stakeholder (borrowers) .
economic_stakeholder(lenders).
economic_stakeholder (investors).
economic_stakeholder (governments) .
economic_stakeholder (businesses) .
economic_stakeholder (insurers).
economic_stakeholder (taxpayers).
economic_stakeholder (homeowners) .

4% Capital flows more efficiently when appraisals are reliable.
economic_benefits(borrowers, credit_markets) .
economic_benefits(lenders, credit_markets) .
economic_benefits(investors, investment_decisions).
economic_benefits(governments, taxation_systems).
economic_benefits(governments, public_policy_planning).
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economic_benefits(businesses, corporate_transactions).
economic_benefits(businesses, financial_reporting).
economic_benefits(insurers, insurance_underwriting) .
economic_benefits(taxpayers, taxation_systems) .
economic_benefits(homeowners, credit_markets).

M
A% 4. Which functions are most salient at each horizon
I
economic_supports(credit_markets, short_term) .
economic_supports(investment_decisions, short_term) .

economic_supports(corporate_transactions, short_term).

economic_supports(credit_markets, medium_term) .
economic_supports(investment_decisions, medium_term).
economic_supports(taxation_systems, medium_term) .

economic_supports(insurance_underwriting, medium_term).

economic_supports(credit_markets, long_term) .
economic_supports(taxation_systems, long_term) .
economic_supports(public_policy_planning, long_term) .
economic_supports(financial_reporting, long_term) .

economic_supports(estate_administration, long_term).

A
4k 5. Effects of appraisal quality, by horizon and function
== -

%% ---- SHORT TERM: high quality ----

economic_effect(high, short_term, credit_markets,

— reduced_transactional_uncertainty) .

economic_effect(high, short_term, credit_markets,

— improved_lending_decisions).

economic_effect(high, short_term, corporate_transactions, fair_negotiations).
economic_effect(high, short_term, investment_decisions,

— prevention_of_immediate_losses).

4% ---— SHORT TERM: low quality ——--

economic_effect(low, short_term, credit_markets,

— transactional_uncertainty).

economic_effect(low, short_term, credit_markets, poor_lending_decisions).
economic_effect(low, short_term, investment_decisions,

< losses_from_overvaluation) .

economic_effect(low, short_term, investment_decisions,

— losses_from_undervaluation).

A% --—- MEDIUM TERM: high quality ——--
economic_effect(high, medium_term, credit_markets, stable_mortgage_risk).

economic_effect(high, medium_term, investment_decisions,

— efficient_investment_allocation).

economic_effect(high, medium_term, taxation_systems, tax_equity) .
economic_effect(high, medium_term, insurance_underwriting,

— adequate_insurance_coverage) .

economic_effect(high, medium_term, investment_decisions,

— rational_market_pricing) .

A% —--— MEDIUM TERM: low quality —---
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economic_effect(low, medium_term, investment_decisions, inflated_asset_bubbles).
economic_effect(low, medium_term, credit_markets,

— impaired_lending_portfolios).

economic_effect(low, medium_term, public_policy_planning,
— distorted_development_incentives).
economic_effect(low, medium_term, credit_markets, increased_default _risk).
economic_effect(low, medium_term, corporate_transactions,
— increased_litigation_risk).

4% —--— LONG TERM: high quality ——--

economic_effect(high, long_term, investment_decisions, sound_capital_formation).
economic_effect(high, long_term, public_policy_planning,

— sound_infrastructure_investment).

economic_effect(high, long term, estate_administration,

— orderly_intergenerational_wealth_transfer).

economic_effect(high, long_term, taxation_systems, stable_public_revenues).
economic_effect(high, long_term, public_policy_planning,

— supported_housing_affordability).

economic_effect(high, long_term, credit_markets,

— financial_system_resilience) .

economic_effect(high, long_term, investment_decisions,

— long_term_economic_growth).

4% —--— LONG TERM: low quality —--—-

economic_effect(low, long_term, investment_decisions,

— chronic_capital_misallocation).

economic_effect(low, long_term, credit_markets, banking_instability).
economic_effect(low, long_term, investment_decisions,

— reduced_investor_confidence) .

economic_effect(low, long_term, public_policy_planning, inefficient_land_use).
economic_effect(low, long_term, public_policy_planning,

— inefficient_productive_asset_use).

=
A% 6. Derived / query predicates
S =

economic_positive_effect(Horizon, Function, Effect) :-
economic_effect(high, Horizon, Function, Effect).

economic_negative_effect(Horizon, Function, Effect) :-
economic_effect(low, Horizon, Function, Effect).

economic_horizon_summary(Horizon, Effects) :-
findall(Quality-Effect,
economic_effect(Quality, Horizon, _Function, Effect),
Effects).

economic_consequences_of_quality(Quality, List) :-
findall (consequence(Horizon, Function, Effect),
economic_effect(Quality, Horizon, Function, Effect),
List).

economic_functions_at_horizon(Horizon, Functions) :-
setof (F, economic_supports(F, Horizon), Functions).

economic_stakeholders_affected_by(Function, Stakeholders) :-
setof (S, economic_benefits(S, Function), Stakeholders).
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4% Overall claim: reliable appraisals improve allocative efficiency.
economic_reliable_appraisals_improve(capital_flow_efficiency).
economic_reliable_appraisals_improve (market_stability).
economic_reliable_appraisals_improve(long_term_economic_growth) .

4% Top-level qualitative claim: appraisal quality matters at every horizon.
economic_appraisal_quality_matters_at(Horizon) :-
economic_horizon(Horizon),
\+ \+ economic_effect(high, Horizomn, _,
\+ \+ economic_effect(low, Horizon, _, _).

AR 7571 BEAOIL Zpto] SAAQ] A% 2 A0 A AR 4 9= QA 7120 of
B AEA TS Ao, TH02A G S2EAG A A 2SR d]
T, B}, gEEA A 7 9%

Z291 7|24 dg= Tt o] HollA *178*7}il HHH7e 9H S
HEA oA Fadt AeHS +P3IT}. (Agarwal, Ben—DaV1d and Yao 2015) el
LS Zf o749 ofs}, wiZ}7Ike] ©=, WA B, 294 s, £ A
FAEl sor Qs AE7EA e AEe] g 4 Qlon, “*E‘ﬂﬂﬂ“ AEY A Ay o}
oM g ThesAde AT W I STHE ARV A Gl A oE ettt (Campbell,
Giglio, and Pathak 2011; Pennington-Cross 2006; Clauretie and Daneshvary 2009)

SREATHE AT, TE A0, HRAGEE (LTV), A4 FA], BEATo] A, 834,
o] St ol Aol <] BAE A0 2, A7} AT E Bolh A% £A] WA s
A3 11 AxE F7FIE(Qi and Yang 2009)

@12 o7 AEt ARV 487 tiE 7ol ASet A e el HET
HH odfiS st s Feth F718 o2 s 5871¢0] A7l uet ‘:319}5}“ E’flﬂuﬂ
34 Bl Egord TEZEC Addd, dEAd faoh 591 M, 14 <
S swalt, A7 A0 R s Aus) A= & 9t s AR Sk al Al gt e
Agh thE, 193 A AEAA A Al & 247 4 9l
guApe] AAA 74 950 919e P ozA 84
2019)

7}A] (foreclosure

—_

O

I O{N

g9 et o]l 7] o3ttt (Eriksen et al.

4% appraisal_collateral.pl

h

4% A Prolog knowledge base encoding the role of market wvalue (MV)
4% appraisals in collateral risk analysis. Companion to

A% appraisal_economics.pl and appraisal_social.pl.

Va4

4% Naming convention:

4k — Predicates that have direct counterparts in the companion KBs
VA (horizon, effect, summary, consequences, etc.) are prefized
VA ‘collateral_" so this module can be loaded alongside the others
V94 without mame collistions, and so bridge rules can mention each
VA vocabulary unambiguously.

VA - Predicates that are unique to the collateral-analysis domain
i (value_basis, divergence_factor, risk_input, etc.) are NOT
VA preficzed. They have no analogues in the other KBs and no

V94 collision risk, so the prefiz would only add noise.

:— module(appraisal_collateral,
[ collateral_horizon/1
, collateral_analyst/1
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, collateral _effect/4 %4 Quality, Horizon, Domain,
— Effect

, collateral_positive_effect/3

, collateral_negative_effect/3

, collateral_horizon_summary/2

, collateral_consequences_of_quality/2

, value_basis/1

, uses/2 %4 Analyst, ValueBasis
, divergence_factor/1

, stress_scenario/1

, risk_input/1

, risk_output/1

, inputs_for/2

, mv_is_benchmark_for/1

:— discontiguous collateral_effect/4.
:— discontiguous uses/2.

e

4% 1. Time horizons (namespaced -- parallel to economic_/soctal_)

===

collateral_horizon(short_term).
collateral_horizon(medium_term).
collateral_horizon(long_term) .

===

4%k 2. Who uses MV appraisals in collateral risk analysis

= -

collateral_analyst(lenders).
collateral_analyst(investors).
collateral_analyst(collateral_analysts).
collateral_analyst(portfolio_risk_managers).
collateral_analyst(regulators).
collateral_analyst(securitization_arrangers) .

===

4% 3. Value bases distinguished in the passage

M . - H

value_basis(market_value). 7% "normal market conditions'
value_basis(foreclosure_value). / distressed
value_basis(liquidation_value). / distressed, accelerated

4% Which value bases each analyst type works with.

uses(lenders, market_value) .
uses(investors, market_value) .
uses(collateral_analysts, market_value).
uses(collateral_analysts, foreclosure_value).
uses(collateral_analysts, liquidation_value).

uses(portfolio_risk_managers, market_value).
uses(securitization_arrangers, market_value).
uses (regulators, market_value).

4% Top-level claim of the opening sentence.
mv_is_benchmark_for(credit_exposure).
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mv_is_benchmark_for(foreclosure_outcomes).
mv_is_benchmark_for(recovery_potential) .

R
A% 4. Why foreclosure / liquidation value diverges from MV
R SR

divergence_factor(distressed_marketing_conditions).
divergence_factor(accelerated_sale_period) .
divergence_factor(legal_costs).

divergence_factor (physical_deterioration).
divergence_factor(adverse_market_sentiment) .

A% Stressed scenarios in which divergence factors apply.
stress_scenario(borrower_default) .
stress_scenario(foreclosure).
stress_scenario(forced_liquidation).
stress_scenario(market_downturn) .

T —
4% 5. Inputs the collateral analyst combines with MV, and the

i outputs they produce

A

risk_input (market_value) .
risk_input(loan_balance).
risk_input(loan_to_value_ratio).
risk_input(market_trends) .
risk_input (property_condition).
risk_input(liquidity) .
risk_input(local_supply_demand) .

risk_output(likelihood_of_loss).
risk_output(severity_of_loss).
risk_output(recovery_estimate).
risk_output(loss_given_default).

4% inputs_ for(+Output, -Inputs)
4k ALl risk inputs are used to produce each risk output.
inputs_for(Output, Inputs) :-

risk_output (Output),

setof (I, risk_input(I), Inputs).

%Y —=——c—cmmccccccsssssccosemeeseesoTsosse TS s T s ST e ST e S e s e se s oS
4% 6. Effects of appraisal quality by horizon
R St

%% --—- SHORT TERM: high quality ---—-

A% —-——— SHORT TERM: low quality --—--

collateral_effect(low, short_term, underwriting,

— imprudent_underwriting_decisions).

collateral_effect(low, short_term, underwriting, inadequate_collateral_margins).
collateral_effect(low, short_term, underwriting, mispriced_credit_exposure).

%% -—-—- MEDIUM TERM: high quality ——--

collateral_effect(high, short_term, underwriting, prudent_underwriting_decisions).
collateral_effect(high, short_term, underwriting, appropriate_collateral_margins).
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collateral_effect(high, medium_term, portfolio,

— effective_portfolio_risk_management).

collateral_effect(high, medium_term, portfolio, sound_loan_securitization).
collateral_effect(high, medium_term, portfolio, appropriate_reserve_allocation).
collateral_effect(high, medium_term, regulatory, regulatory_compliance) .
collateral_effect(high, medium_term, portfolio,

— cycle_aware_collateral_evaluation).

4% —---— MEDIUM TERM: low quality —---

collateral_effect(low, medium_term, portfolio,

— weakened_portfolio_risk_management) .

collateral_effect(low, medium_term, portfolio, mispriced_securitizations).
collateral_effect(low, medium_term, portfolio, inadequate_loss_reserves).
collateral_effect(low, medium_term, regulatory, regulatory_noncompliance_risk).
collateral_effect(low, medium_term, portfolio, misjudged_collateral_adequacy).

A% ———— LONG TERM: high quality —--—-

collateral_effect(high, long_term, system, financial_system_stability).
collateral_effect(high, long_term, system, restraint_on_excessive_leverage).
collateral_effect(high, long_term, system, well_secured_lending).
collateral_effect(high, long_term, system, accurate_systemic_collateral_pricing).
collateral_effect(high, long_term, system, dampened_foreclosure_amplification).

%% —-—--- LONG TERM: low quality —---

collateral_effect(low, long term, system, financial_ system_instability).
collateral_effect(low, long term, system, excessive_leverage).
collateral_effect(low, long_term, system, poorly_secured_lending).
collateral_effect(low, long_term, system, systemic_collateral_mispricing).
collateral_effect(low, long_term, system, amplified_foreclosure_losses).
collateral_effect(low, long_term, system,

— amplified_economic_disruption_under_stress).

S —
4k 7. Derived / query predicates (namespaced)
S ——

collateral _positive_effect(Horizon, Domain, Effect) :-
collateral_effect(high, Horizon, Domain, Effect).

collateral_negative_effect(Horizon, Domain, Effect) :-
collateral_effect(low, Horizon, Domain, Effect).

collateral_horizon_summary(Horizon, Effects) :-
findall(Quality-Effect,
collateral_effect(Quality, Horizon, _Domain, Effect),
Effects).

collateral_consequences_of_quality(Quality, List) :-
findall(consequence(Horizon, Domain, Effect),
collateral_effect(Quality, Horizon, Domain, Effect),
List).

1 AR BEY A AG

AABIE b o2 7|7ke] A7 S84 o So] ohe}, BT NEAH - AF (1),
i A7 Aok ofehel 4] Al (m]e) & 71 E 02 S AH (point-in-time) AH7HA
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4% appraisal_scope_regulation.pl

"

4% Knowledge base for the boundary of regulated appraisal practice.
o

4% TWO TIERS, deliberately kept separate:

V4

4% TIER 1 -- THE DEFINING TEST (regulation cluster). A task is a
VA regulated appraisal IFF it is one for which an appraiser's

VA license s legally required. requires_license/1 s that test;
wh it —-— and only it -- dectdes regulated_appraisal/1 vs.

VA unregulated_valuation/1.

V4

4%  TIER 2 -- DESCRIPTIVE TENDENCIES (scope cluster). How the two

VA populations -- “appraisal’ and “quant_financial' -- typically
VA differ in approach, temporal scope, output form, and skill set.
VA These are CORRELATES, mnot the boundary: the populations overlap
V94 (a licensed appraiser may do quant work; a quant may be

VA unlicensed), and nothing here determines licensure. No claim s
VA made about intelligence —— only about training and methodology.
V44

4% “temporal scope' and “approach' are DISTINCT axes: an approach has a
4% typical (defeasible) temporal mode, but the two are not the same

4% vtewpoint —- which is why an appraiser using an AVM (appraisal

4% approach, distributional methods) is possible.

:— module(appraisal_scope_regulation,

[ # -——— TIER 1: the defining test (regulation) ---
regulation_framework/1

, regulation_framework_origin/2

, regulation_distinguishing_ factor/1

, regulation_triggers_licensure/1

, regulation_definition_of_appraisal/1

, regulation_unlicensed_activity/2

, regulation_licensed_activity/2

, regulation_legal_exposure_condition/1

, requires_license/1

, exempt_from_appraisal_license/1

, regulated_appraisal/1

, unregulated_valuation/1
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, regulatory_asymmetry/2

/4 ——— TIER 2: descriptive tendencies (scope) —---
, valuation_approach/1
, scope_profession/1
, scope_orientation/2
, temporal_scope/1
, temporal_mode/1
, scope_temporal_focus/2
, scope_output_form/2
, scope_skill/1
, scope_skill_demanded_by/2
, scope_inputs_considered/2
, scope_future_oriented_context/2
, scope_professional_constraint/1
, scope_contrast/4
, scope_question/2
, Scope_convergence_area/1

:— discontiguous regulation_unlicensed_activity/2.
:— discontiguous regulation_licensed_activity/2.
:— discontiguous scope_contrast/4.

V44
%% TIER 1 -- THE DEFINING TEST (the boundary)
V44

regulation_framework(firrea_1989).
regulation_framework(uspap) .
regulation_framework(ivs).
regulation_framework(state_licensing).
regulation_framework(state_certification).

regulation_framework_origin(firrea_1989, savings_and_loan_crisis).
regulation_framework_origin(uspap, firrea_1989).
regulation_framework_origin(state_licensing, firrea_1989).

regulation_distinguishing factor(kind_of_value).

regulation_distinguishing_ factor(purpose_of_valuation).
regulation_distinguishing_factor(temporal_focus).
regulation_distinguishing_factor(output_form) .

regulation_distinguishing factor(represented_as_appraisal).
regulation_distinguishing factor(federally_related_transaction_involvement).

regulation_triggers_licensure(federally_related_mortgage_transaction).
regulation_triggers_licensure(work_represented_as_appraisal).
regulation_triggers_licensure(work_meeting_state_appraisal_definition).
regulation_triggers_licensure(regulated_lending_ transaction).

regulation_definition_of_appraisal(formal_opinion_of_value).
regulation_definition_of_appraisal(concerning_identified_real_property).
regulation_definition_of_appraisal(developed_per_recognized_methods) .
regulation_definition_of_appraisal(for_compensation) .

regulation_unlicensed_activity(equity_analyst, stock_price_targets).

regulation_unlicensed_activity(investment_bank,
< enterprise_value_estimates).




Valuation Engineer Journal - A 1 @ - A 13 - 2026 95921 ¢Y

regulation_unlicensed_activity(hedge_fund,

— commercial_real_estate_appreciation_forecasts).
regulation_unlicensed_activity(economist,

< housing market_trend_projections).
regulation_unlicensed_activity(insurance_analyst,

— replacement_cost_estimates).
regulation_unlicensed_activity(developer, feasibility_studies).
regulation_unlicensed_activity(internal_corporate_analyst,
< asset_impairment_estimates).
regulation_unlicensed_activity(internal_corporate_analyst,
— portfolio_value_estimates).
regulation_unlicensed_activity(quantitative_analyst,

— predictive_valuation_models) .
regulation_unlicensed_activity(avm_developer,

— algorithmic_residential_price_estimates).

regulation_licensed_activity(licensed_appraiser,

— market_value_for_federally_related_transaction).
regulation_licensed_activity(licensed_appraiser,

— formal_opinion_of_value_for_compensation).
regulation_licensed_activity(licensed_appraiser,

— appraisal_for_regulated_mortgage_lending).
regulation_licensed_activity(licensed_appraiser,

< appraisal_represented_as_such_under_state_law).

regulation_legal_exposure_condition(holding_self_out_as_licensed_appraiser).
regulation_legal_exposure_condition(preparing_appraisal_as_defined_by_state_law).
regulation_legal_exposure_condition(involved_in_transaction_requiring_licensed_appJ
< raisal).

4% ——— The test itself: does the TASK require an appraiser's license? —--
requires_license(Task) :-

regulation_triggers_licensure(Task), !.
requires_license(Task) :-

regulation_licensed_activity(_, Task), !.

exempt_from_appraisal_license(Task) :-
regulation_unlicensed_activity(_, Task),
\+ requires_license(Task) .

:— dynamic activity_satisfies_definition/1.

activity_satisfies_definition(Task) :-
regulation_licensed_activity(_, Task).

regulated_appraisal(Task) :-
activity_satisfies_definition(Task),
requires_license(Task).

unregulated_valuation(Task) :-
regulation_unlicensed_activity(_, Task),
\+ regulated_appraisal(Task).

4% Meta-tension: the regulatory asymmetry the passage closes on.

regulatory_asymmetry(current_market_value_for_lending,
future_oriented_valuation_for_investment) .

regulatory_asymmetry(heavily_regulated_appraisal_practice,
lightly_regulated_quantitative_practice).
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regulatory_asymmetry(consumer_and_lending_protection_focus,
investment_advisory_focus).

regulatory_asymmetry_origin(banking_regulation).
regulatory_asymmetry_origin(consumer_protection).
regulatory_asymmetry_origin(legal_evidentiary_concerns).
regulatory_asymmetry_origin_disclaimer(
'Not based on any exclusive claim that appraisers alone possess valuation
— expertise.').

Vo4
4% TIER 2 -- DESCRIPTIVE TENDENCIES (NOT the boundary)

V4

A% Overlapping populations; correlates of who typically lands on each
4% stde. Nome of these determine licensure —- Tier 1 does.

Vo4

4k ——— Azis: wvaluation approach (descriptive populations) ---—
valuation_approach(appraisal).
valuation_approach(quant_financial).

scope_profession(appraiser).
scope_profession(quantitative_analyst).
scope_profession(financial_analyst).
scope_profession(investment_analyst).
scope_profession(portfolio_manager) .
scope_profession(economist).
scope_profession(investment_strategist).
scope_profession(financial_forecaster).

scope_orientation(appraisal, evidentiary).
scope_orientation(quant_financial, probabilistic).

4k ——— Azis: temporal scope (its OWN viewpoint, distinct from approach) ---
temporal_scope(retrospective) .

temporal_scope(current) .

temporal_scope(prospective_point) .

temporal_scope(future_range_horizon) .

temporal_mode(point_in_time).
temporal_mode(distribution_over_horizon).

4% Typical (defeasible) pairing of approach to temporal mode —-- a LINK
4% between two distinct azes, nmot an identity.
scope_temporal_focus(appraisal, point_in_time).

scope_temporal _focus(quant_financial, distribution_over_horizon).

A% ——— Azis: output form -—-
scope_output_form(appraisal, point_estimate).
scope_output_form(appraisal, narrow_range) .

scope_output_form(quant_financial, probability_distribution).
scope_output_form(quant_financial, range_of_outcomes) .

Ak ——— Azis: skills / methodological toolkit (training, NOT intelligence) ---—
scope_skill (mars_without_overfitting).
scope_skill(fit_vs_generalization_balance). % balancing R™2 against CV-R2

scope_skill(algorithmic_understanding) .
scope_skill(handling_structured_concepts).
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scope_skill(assimilating_new_methods) .
4% Skills typically demanded by advanced

scope_skill_demanded_by(quant_financial,
scope_skill_demanded_by(quant_financial,
scope_skill_demanded_by(quant_financial,
scope_skill_demanded_by(quant_financial,
scope_skill_demanded_by(quant_financial,
scope_skill_demanded_by(quant_financial,

scope_skill(discerning_fine_distinctions_

in_meaning).

quantitative valuation; an

4% appraisal license netither requires nor certifies them.

mars_without_overfitting) .
fit_vs_generalization_balance) .
algorithmic_understanding) .
handling_structured_concepts) .

discerning fine_distinctions_in_meaning) .
assimilating new_methods) .

4% ——— Inputs the appratiser weighs
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,
scope_inputs_considered(appraisal,

to support a value at the effective date —-—-
current_market_evidence).
observable_transactions).
prevailing market_conditions).
recognized_methodologies).
market_trends).
anticipated_supply_demand) .
depreciation) .
capitalization_rates).
absorption_patterns) .
expectations_already_priced_in).

A% ——— Bounded future-oriented contexts that remain within appraisal —--
scope_future_oriented_context(income_property, future_income_streams).
scope_future_oriented_context (income_property, vacancy_rates).
scope_future_oriented_context (income_property, expenses).
scope_future_oriented_context(income_property, reversion_values).
scope_future_oriented_context(income_property, dcf_analysis).
scope_future_oriented_context(development, prospective_stabilized_value).
scope_future_oriented_context(conservation, future_damages) .
scope_future_oriented_context (environmental, future_damages) .
scope_future_oriented_context (insurance, future_damages) .
scope_future_oriented_context(litigation, future_damages) .
scope_future_oriented_context(eminent_domain, future_damages).
scope_future_oriented_context(general, remaining_economic_life).
scope_future_oriented_context(general, anticipated_market_reactions) .
scope_future_oriented_context (market_analysis, price_trend_direction).

4% ——— Professional constraints on any future-oriented component —---—
scope_professional_constraint (supportability) .

scope_professional_constraint (market_evidence).
scope_professional_constraint(extraordinary_assumptions_or_hypothetical_conditions
_disclosed).
scope_professional_constraint(avoidance_of_unsupported_speculation) .

—

4% ——— Contrasts across the descriptive azes:
scope_contrast (4,B,Dimension,Distinction) —--—
scope_contrast(appraisal, quant_financial, orientation,
evidentiary_vs_probabilistic).
scope_contrast (appraisal, quant_financial, temporal_mode,
point_in_time_vs_distribution_over_horizon).
scope_contrast(appraisal, quant_financial, output_form,
point_or_narrow_range_vs_probability_distribution).
scope_contrast (appraisal, quant_financial, purpose,
market_value_vs_investment_worth).
scope_contrast(appraisal, quant_financial, skill_set,

—
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appraisal_licensing_toolkit_vs_advanced_statistical_toolkit).
scope_contrast (appraisal, quant_financial, typical_methods,
p pp q yp
sales_comparison_cost_income_vs_simulation_option_pricing_var) .

4% ——— The orienting question each population asks (verbatim from the passage) —--
scope_question(appraisal,

'What is the most supportable market value indication as of the specified

— effective date, given current evidence and defined assumptions?').
scope_question(quant_financial,

'What range of outcomes is likely over a future period, with what

— probabilities, and how should resources be allocated?').

4k ——— Where the two converge (appratisal borrows distributional methods) —---
scope_convergence_area(complex_commercial_valuation).
scope_convergence_area(mass_appraisal).
scope_convergence_area(automated_valuation_models).
scope_convergence_area(institutional_portfolio_analysis).

5 Aul7}x9] g A E2A ) AR « GHIIAHE (LTV)

ool o= A2 AR IPE Fola et AR, Fols AbEoke=a], T=Al T o] 24 1A A
At oltjol o] =x 2 Aotelr). o] AL 1 =05} 2o} & 1ol w T,
FEHHEAEY SR 0] Dupge] w9 o 22 A7 A4 ke d shus, 944 rs

1
=1
ARB77r B4 1A @A A7) o)A o g FAH N EokaL, AR AR A 7] 5ol A
£ oAl A8 SIS AR TR 0] G 1ol 2T B s ks
o] A5 A ® TS o= A7t Wrt= Mol (Foster and Van Order 1984; Kau et al.
1995; Deng, Quigley, and Van Order 2000)
80% 2he HR AU EL o)z Faj Ao] ohth. GAH oz o] uge BEHoR O
=9 Ao r e &7 ¥e Hoste s 9 58 = sy ot
. o A% s
o« 73T HlE
o At
. E% ]
i ] [ X}
e
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and Willen 2008; Qi and Yang 2009)
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4% appraisal_prozy.pl

VA

4% A Prolog knowledge base encoding the thesis that market value

4% appraisals, while formally framed as present-value opinions, function
A% in practice as wmplicit prozies for future collateral recoverability
4% within mortgage underwriting and lender risk management.

:— module(appraisal_proxy,
[ 7 -——— central thesis ---
proxy_thesis/1

/4 ——— LTV-as-buffer mechanism —--
, proxy_ltv_buffer_against/1
, proxy_historical_ltv_threshold/1

% === formal wvs practical interpretation —--
, proxy_formal_framing/1
, proxy_practical_interpretation/1
, proxy_underlying_question/1

/4 ——— the artifictal separation —---

, proxy_separation_party/2 /% Party, Role

, proxy_doctrine_practice_gap/2 /4 FormalSide, PracticalSide
/% ——— historical compromise -—-

, proxy_historical_reason/1
, proxy_doctrine_emphasis/1
, proxy_routine_practical_use/1
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/4 ——— modern intensifiers —--
, proxy_modern_driver/1
. proxy_modern_treatment/l

/% ——— responsibility allocation —--
, proxy_appraiser_responsibility/1
, proxy_lender_responsibility/1

/ ——— meta-claim about coherence —-—-
, proxy_open_question/1

/4 ——= practical implication for appraisal practice —--
, proxy_practical_implication/1
, proxy_appraiser_blindspot/1
, proxy_recommended_practice/1
, proxy_further_work/1

/4 ——— underwriting system view ——-—
, underwriting_component/2 % Number, Component
, underwriting_ responsibility/2 % Component, Party
D.

:— discontiguous proxy_thesis/1.
:— discontiguous underwriting_component/2.

wh
/4% PART 1: THE CENTRAL THESIS
wh

proxy_thesis(
'A market value appraisal used in mortgage underwriting often serves as an
< implicit proxy for expected collateral recoverability over a future holding
— period."').
proxy_thesis(
'The appraisal is formally framed as a present-market-value opinion as of a
— specific effective date.').
proxy_thesis(
'The lender economically interprets the appraisal through a forward-looking
— risk lens.').
proxy_thesis(
'There is a deliberate conceptual separation between the appraiser''s
< current-market-value opinion and the lender''s use of it as a forecast
— buffer.').
proxy_thesis(
'The appraisal indirectly functions as part of a future-value protection model,
— even though appraisal standards formally avoid describing it that way.').
proxy_thesis(
'Whether the separation between appraisal doctrine and lender practice remains
— fully coherent in modern financial systems is an open and increasingly
— debated question.').

v
/4% PART 2: THE LTV-AS-BUFFER MECHANISM
wh

proxy_historical_ltv_threshold(eighty_percent).
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proxy_ltv_buffer_against(moderate_market_declines).
proxy_ltv_buffer_against(foreclosure_expenses).
proxy_ltv_buffer_against(liquidation_discounts).
proxy_ltv_buffer_against(carrying_costs).
proxy_ltv_buffer_against(legal_expenses).
proxy_ltv_buffer_against(accrued_interest).
proxy_ltv_buffer_against(uncertainty_during_disposition).

h
%% PART 3: FORMAL FRAMING VS. PRACTICAL INTERPRETATION
wh

proxy_formal_framing(present_market_value_opinion).
proxy_formal_framing(opinion_as_of_specific_effective_date).
proxy_formal_framing(grounded_in_current_market_evidence) .

proxy_practical_interpretation(forward_looking_risk_lens).
proxy_practical_interpretation(forecast_buffer_against_future_impairment).
proxy_practical_interpretation(input_to_future_collateral_recoverability_estimate).

proxy_underlying_question(
'If this borrower defaults sometime in the foreseeable future, is the
— collateral likely to remain sufficient to cover the outstanding debt and
— foreclosure-related losses?').

VA

/4% PART 4: THE ARTIFICIAL SEPARATION

VA

proxy_separation_party(appraiser, opinion_of_current_market_value) .
proxy_separation_party(lender, forecast_buffer_against_future_impairment) .
proxy_separation_party(appraiser, evidence_based_present_value_anchor).
proxy_separation_party(lender, future_risk_interpretation) .

proxy_doctrine_practice_gap(present_market_value_opinion,
implicit_future_value_proxy) .
proxy_doctrine_practice_gap(opinion_as_of_effective_date,
forecast_over_foreseeable_holding_period).
proxy_doctrine_practice_gap(evidence_based_present_anchor,
future_risk_buffer).
proxy_doctrine_practice_gap(static_single_point_estimate,
probabilistic_value_over_time) .

W
%% PART 5: HISTORICAL COMPROMISE
W

proxy_historical_reason(speculative_forecasting contributed_to_past_crises).
proxy_historical_reason(courts_required_observable_evidence).
proxy_historical_reason(regulators_sought_standardized_defensible_practices).

proxy_doctrine_emphasis(present_value).

proxy_doctrine_emphasis(current_market_evidence).
proxy_doctrine_emphasis(defined_effective_dates).
proxy_doctrine_emphasis(constrained_assumptions).

proxy_routine_practical_use(lenders_use_in_probabilistic_future_risk_frameworks) .
proxy_routine_practical_use(investors_use_in_probabilistic_future_risk_frameworks) .
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proxy_routine_practical_use(collateral_analysts_use_in_probabilistic_future_risk_f
— rameworks).

h
%% PART 6: MODERN INTENSIFIERS
v

proxy_modern_driver (avms) .
proxy_modern_driver(institutional_portfolio_analytics).
proxy_modern_driver(securitization_models).
proxy_modern_driver(machine_learning valuation_systems).
proxy_modern_driver(basel_capital_modeling) .
proxy_modern_driver(large_scale_mortgage_stress_testing).

proxy_modern_treatment (probabilistic_over_time) .
proxy_modern_treatment (distributional_rather_than_point_estimate).
proxy_modern_treatment (dynamic_rather_than_static).

W
%% PART 7: ALLOCATION OF RESPONSIBILITY UNDER THE COMPROMISE
h

proxy_appraiser_responsibility(disciplined_present_value_anchor).
proxy_appraiser_responsibility(evidence_based_valuation).
proxy_appraiser_responsibility(current_market_value_opinion).

proxy_lender_responsibility(future_risk_interpretation).
proxy_lender_responsibility(default_probability_estimation).
proxy_lender_responsibility(foreclosure_timing_estimation) .
proxy_lender_responsibility(liquidation_severity_estimation).
proxy_lender_responsibility(portfolio_stress_analysis).
proxy_lender_responsibility(macroeconomic_expectation_integration) .

W
%% PART 8: OPEN QUESTION (META-CLAIM)
h

proxy_open_question(
'Whether the separation between disciplined present-value appraisal and
— lender-side future-risk interpretation remains fully coherent in modern
— financial systems.').
proxy_open_question(
'Whether modern probabilistic-over-time collateral analytics make the
— formal/practical separation untenable in some sectors.').

Wl
%% PART 9: THE INTEGRATED MORTGAGE UNDERWRITING SYSTEM
h

underwriting_component(l, current_market_valuation).
underwriting_component (2, future_risk_estimation).
underwriting_component (3, default_probability).
underwriting_component (4, foreclosure_timing).
underwriting_component (5, liquidation_severity) .
underwriting_component (6, macroeconomic_expectations) .
underwriting_component (7, portfolio_stress_analysis).

underwriting_responsibility(current_market_valuation, appraiser) .
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underwriting responsibility(future_risk_estimation, lender) .
underwriting_responsibility(default_probability, lender) .
underwriting_responsibility(foreclosure_timing, lender) .
underwriting_responsibility(liquidation_severity, lender) .

underwriting responsibility(macroeconomic_expectations, lender).
underwriting_responsibility(portfolio_stress_analysis, lender).

i
%% PART 10: PRACTICAL IMPLICATION FOR APPRAISAL PRACTICE
h

proxy_practical_implication(
'Most appraisers are not aware that market value functions, via the
— loan-to-value ratio, as a proxy for future foreclosure value.').
proxy_practical_implication(
'The lender''s forward-looking use of market value is rarely visible from
— within the appraisal assignment.').
proxy_practical_implication(
'"Appraisers therefore do not treat market value conclusions with the caution
< toward future value trends that the collateral-valuation role warrants.').

proxy_appraiser_blindspot(collateral_valuation_role).
proxy_appraiser_blindspot(forward_looking use_of_market_value).
proxy_appraiser_blindspot(market_value_as_ltv_proxy_for_foreclosure_value).

proxy_recommended_practice(recognize_how_present_value_opinion_is_consumed) .
proxy_recommended_practice(treat_market_value_with_caution_re_future_trends).

proxy_further_work(closing_the_doctrine_practice_gap) .
proxy_further_work(equipping_appraisers_for_the_collateral_valuation_perspective).
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3. 9FA o] glo|g Y. RCA TR2EZL flo|g nlo]yo] 7% ) =
FQ 2 girt. dlofel7} guRet Aol & 4= 1o}, A QB A7 v-Gof H]ef ket
7127} Q& 4 STt

Lo
rr

4. AB7E2 9] At £Ao] @4 EE ¢ RCA &= Q29 3¢ +1-2% o AFEE AT
& 4= Qlofof gttt A WIS HuAE 2F 71 AE9 Aedol It 242 AdF
sfjoF gttt HiolHu AR 7} BE5EAY, HlolE wio]d-& Fofl APde] dykE o] Erut
2] koY A= "ol Zolw, o] APFE QERloA geof gty TAH R =&
R2 9F CVR2(2 25 R2. MLS HlolH ot& 72449 & £33 d4 2¢= W& 2
sto] Axtgteh), oJu] 9= MARS B¢, 121 £9518 ato A et 54 CQA(Y
B-Ed-m=) 49 £33t ol 712 AE o] AT AF48-E B sk FH ol

2t 20 o Aol A% o]5 RCA Z2E-Z9] 7fF-2 MLSListings Inc.(Sunnyvale, CA) 2 32}
MLSListings 5 53l 2 7Fsgt th2 MLS 2] o]-& 715 7]t Aoz xzto] glojg &
A RO 95% ol/do] o714 Uskth. AR i B A xyote] 9 15 7l 71-2E ¢
A vrst g7 QRot BxpA 9l 10 A 7F-El A Q] F7F A A HEE Q).

RCA WHES The 5 744 84 288 202 Aol A 744 wateolet.

=



Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 7

Ao Z o} 72 ¥ B9

ol =z AAStE Me2 tha &5 A= ZYot 7t ESolA FaiS Bt ddl 7=

San Mateo Santa Clara Marin Napa Monterey = Santa Rosa
Alameda San Francisco Contra Costa Sacramento El Dorado San Joaquin
Stanislaus  Placer Solano Mendocino  Lake Colusa
Merced Nevada San Benito Santa Cruz  Sutter Yuba
A AdEe AddHor AWt 1 FH 7 EHE 2, AEY Mot Aot 475
2 Egte uTf 549l A7 Bol ek, AAE ve] @ W e A9 gL g
PP} 2 4 QU A Wla) QAL ERAa Ao R Aeke dlolEo] AE & stk
2 99w
AFE-E MLS Hle]E+&= RESO 9152 Wk o RCF(RESO Common Format) & 53ttt RCF
AT = ot A7 F5itolde 54 724 245 2= dolert FehEAY 245
& A7 =T, ol Hx AT %‘7}1&4 QFolAY o] & TN MLS o8 7oA HE
%E’r. oj2|gt @ Fol= /o] EASHA] %= il ofefl =2 k] o= Avt e AT ol
U= A7 B A FFRETE glS W “carport spaces”(ﬂ'ﬂtE ZX]'EHT) 0< dFst=

G4 ofR AR ARatA] e Alolth SEES ER AAo|AE BHA} FEES] et £ 9
£ 2AAE 9] 919 A% dolg S0 o2 QA3 % ek, R/carth S %¢ MARS @7

=°] 25 HlolHE AT &= 7]+ sHAT, o] & o8 HEA= HAH B 7SS} (Valuation
Englneer VE) 7} 2A3& &olt}.

MISiting, dolEl S0l ool o2 1 99 70 LS A 0 5 31tk
ol m2EZT} 1} ofe FolH Aokt & AEeA Ade o 58




Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 8

3 ARWATA

ol

g9 1: 2ABATAA

R 53-S motr] sl “7H H 71582} (Valuation Engineer, 4] “VE”) & &
il A A B7HALY] 2ol Hall HlolH mold, FAISH 2 1Y, AR
EE, 545 &85t S92 Fate] AH7IA S B sk dl wet g A4
= = AHl? Z
=

|t
il o
N
N
N,

ot AFRFS bR, oFeel AR WAL Ab] ZFs Aol ofn] StelE 4
2 olH GYRE W52 aste dFets FL AASHE Ak Fasit

&8 54 v 22 2 7HA 48387 AEAE AR

7} (Engineer-level
I8y 1 485
fagozd a4

Appraisal) t}. ©]&
upgs] glojof @t ofelad 44
5] ©

ok L ot

]

ol
At B2 SR o] FASHE Bgatells 25 AP BEE AR FEotch 12 30 | o4
of AX AFgt RS ool Q= x| & Felo|= Tokxt Ayt ARG T Uy
7|23 AAA AAEA HAE ok gt
p )

Scope of Work: Determine Required Type of Valuation

) 98% $1,200-$2,000+ Engineer
Bid Engineer Valuation
Request Review Bid Request Valuation Quote
Requirements
0,
_ 90% $600-5800+ .
Big Min A isal Appraisal
: ppraisa
Request /_5; e(:il:lar:d Quote
Assess Required $150-$225 .
Accuracy Level Hybrid Hybrid
80-85% with y Quote
inspection $15-$50
80% AVM
AVM

. Quot
\ uote




Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5

4 7H3

14 1 ASE 89 L REN 49

o] 2ol Mol £ AELold] YA W £ Ao gk BEFeT Zry
Qo 29L Pt AR YL T2 R4 497 Aol A8HAT, A, o

-
A R4, FAE HEALS BoFe i B4 S olgAlu APgAlo] B AujHel o3
2 @i, 199 A% ROA 2HE 540] BRsAY 48 Bsl/t AT 4 ek

74 2: dlole A%

CSV 2} Excel == MLS A|ARIOA 2] AMEE™ RCA Z2 19 glo]H& Fg3dte= F
H Al o 2 ARgdttt oyt B2 mEE 0|83 SQL Hlo|HH|o| AR Ho|HE &4
o2 FFT F£E Qrt. WA F7F Ao+ SQL Hlo|gu|o| A7t 2pF Aol=H|, 1%
Z IS o= Zo] Br L EAARI SQLite 2F PostgreSQL ©|t}. HIA1LA XZtof|= H)
AEUY RTF o 0], aF "o = PNG, JPG, TIFF o] AREE T Microsoft 2 SQL
Server & 2= o]k WAW, F =232l “SQL Server Express” = A|eFo] uf-¢- 211 (7]
tf CPU F o} & oshgt & 4= Qlth) ‘jrE TE2 AAA o]g A] FFet o] A H|-go] &
o} Zg|xyofo] a4t glojEHo] A= vl & 4 . °1 11 Z9Q1 (join) ©fl ARto] @2f AE
Fong fgfR Xl E 8 o WOﬂ 128G RAM = 7+ HAFE7F f-85tth SQL
golEH|o] A= A2 HA Z|ofZ 4 ¢t HE —‘?—%’SE grotof oF wfj &= F Qg 5frt. o
ghA] oA F-HEA (Cluster Analysis) 22 L™AZ] 9G-S Ao SQL Hlo] g H|o] A
S 27 2 Aoltt. I8 glo|gHo] Anfrt Z]ﬂﬂﬁ— E}*Er WA a7t ‘;}E’r N2 3
e A] %‘LE} RCA ©f &3t o] Ao A= B3-S SQL 22 olli= PostgreSQL &, T3t
2t el = SQLite & ARt

74 3: MARS A o= “R/earth” & A8ttt

2017 @7}A] Salford Systems &] MARS &ZEfoj= A 270 €22 A vt 2= o]
tt. 134 Minitab ©] Salford Systems & Q1S H MARS = <1 16,000 832 SPM
]

7] z]of JFAL, ol HEES] AR AR A= A otr] o2 7HF ot thdds
Stephen Milborrow 7} 44'134—]-“ RIT-=z2I8Y OJOLJ “earth” Tlﬂﬂ Z] (Milborrow 2024a)
7} Minitab SPM MARS 9] 7|-5°f &5tAY 272 57t 502 WAL} earth

1} 7] 2] ofl = F74A Q1 O]QE Ut FEE ol§d —/F AL, R 9 iﬂ”‘—i?l A A H At
" I1G A T3 =™, Pandas € F9l Python oA % FL& 4 0101 et 2 S5 H
ol FAAS AlFdttt. MARS of 3t =9]+= R/earth o] AH8-2 At

7+ 4: B

CSV mdolL} Excel AEHEAEQ}F -8 o]H oA & ¢
7|18ttt o 7]ofl&= MLS(Multiple Listing Service) F-&A4t

Els MARS(E}‘ﬂ%’: A& 3 AEEQ]) ARG, 191 Z2AET b

72 R |4y Python oA Z1of tf-g-5h= HlolH T T A-gE
A=R-=WAY 1_51/\3410431 05 9l BB 25Lo =5t mj Al A a} Z =2

Aee BFE OH AR B
1€, R/earth 7| A& o]-&
olel7 ZRHL. o]

= 28

49 9 FEYFS =T N2 gRAS Fol7] 9]

o el 2 2718 G olAT A )7} | G249 29 & slo, 7)o
L FHQ BEA EAL 1 2R B0 PEdTE Fad 20|

Db Qs BEA E4L, ehd BAlh AndEAE Ho

12 M & Bl 542, Dof o] st S-S HA

o
ilay

H

L |



10

¥ olg

- 2026

el

- A1

- A1E

Valuation Engineer Journal

714 5: =238
SERE

= C4

S}
=

=8

L
1—

R 7} Python(w/Pandas) ©] Z|H}& Q] Qlojo|m &7}

C++ 7} 28It} R/earth ZFA| = R I C & 2= o] Qlth

°l

=

A

74 6:

o}

0 oA AlZfetet.

}

o
-

e« C, C#, C + +, Python

5

ZF
A

I ZE H2lS (Python ©|4 C AH&) 0 oA Al



11

e RECEREE:

A=)

1=
pid

3

- 2026

5

- A1

- A1E

A

Valuation Engineer Journal

5 RCA

Np 780 BT
BK H RF
ol o]J X
mugnuf
ol
=5

2]
s

o} ole} g

T

o
il

o 54 FEarel

5]

- AEH HZAA

td =&

Q40 H

]_

A
T

=

—

7}A]

=

FaE

1

1. MARS 23 9] 4

R

TW T
ol M oW g Ko
o .E_a:._oﬁum
AT
R o X - T RO
T o H 4 IR
o O—,._,_mo.ﬂdu

WA
N o < =5 ) 5 ol
ol ol o R
1;.._ — N ;ﬁ
dﬁﬁv%ﬂﬂ;
R (RN
mm QW.QE .ﬂ%g1r,MM

T Y =77 2w

oy 1 R <

A

GEE
B3gog HALY
.

dytdon
Ax iz, mego] 7

=4
—

t/SF) 4.

A

F(& kst 2

tol 712 =g A4,

°

i)

[¢]
o

9] w77,

8. ZF vl A AR S] CQA F AHE.

-

]_

—

=

=
5. MARS(R/earth) 2|42 A

7. ZHA}/SF 2 254

52 A HY &

A7 A2 2



Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 12

9. FgA4te] Wb v S »EA di#shs FE &RV A EH AT A ofl, &322
ARbs Fg FAE AESH gl Faitel 24 YAE ZA CQA 5wt
10. 2] H-5-8h= &2F/SF & 72t/SF - (W4 #-54h) GLA o] FeHi=2 tid F-a4tel vt

11. MARS 7H4 3¢t W@ d FAE wsto] did 7542 712 28] olEt.
12. g1 Fsite] e Aasd 4 a4t 77 o= ottt

13. Hlw At o tisl] o] 4=t 7

N
2
1o
HT
o
N
1J
)
kl
!
iy
a,
1o
HT
2
I

7714

14, B4 § AL B BEAY HE 7HH] 2R gopt.
15, AR T 9 TP GAFE A 6 12 AL AR
A

16. H] A} <] 2

17, BE AAcH AR LR vlase] B4 F AL QAL 2
18, A A LES B4 SR

tlo

O

RCA o4 2% 714 2L AQAUILEY v aae] FEERE 27 255
£ 290 G9IsteE. ROA WOl Al Ao WL o) B0} Hle) ol
0% 714 A2 TE g $EAR) Bolole B EE A BelEAE 4
o]k, ol B Holof ghek. A H54k0] 7h AE-L MARS R@| 714 247
Fo7} e ko] & glek. 18] o] S Rcarth 2]7E A0 £ 2
20 S Eet. 1 SR A0 st dAe] SRS SEel w1 9last iy
CQA H4-2 AAYOM, WHBAZIAT £91E QoA 9118 FFozn oy 7
A7} S EI51] vhgelet ARl el o) 2 e ROA 7} 2ot o4 #

2t 20l Rl Rl VE of Aol gAA AR pahe 2ol 9
“16] AR Waps} Zolof gk, £ 2 2R el 2 FA 240 A4 o] v
wet gepd 5 gluets 54 %A of i3 1 GA 93] Aokeo] glon, wet

T2F ZE o8 vHE ST Feite] EA & A2 getAA] deve Ae

o
T

E o

mﬁ$@W

fesli,
ol

-

A |
— T
™

o O

- —

2 Bl

.

[e)

2
LJQ,
N2 T oilo R Nz o m

@é:

o, r|r 1 off
-@< e

o 2

e

5.3 Hlolg Y 5 &
o] =Rof A RCA WO A9 & Y 55 AAStHE Hofl 25kt RCA £49] o
2 A e} 519 HAl= T2 =FEoA &t
5.3.1 MARS & 93t dlo]g &4
A AL, BB B T4 0] 7=
A

1 (o))
1 L =
ash a7 W50 24 A4et1 2 U 24 4eA g A5dz 8

g,



Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5

5.3.2 ZZEZ: T4 A 2"

I2EE 1.1: Q3 MLS £2 A 229 A4 24

Ol L2 EZ2 MARS 9240 FH4T T2 7 2279 A% H4a A5 Alls
= U= H”%er Sl EH‘“/W“?_] TS & vhe, 1A 2 A Aol whet 3 & A=
MARS £ Adsto] 7] RS A5t of 7,§
o] I Qx| Fetsfof gt ] EEZ 2 SWHSTE 100% 59 AAst=H], l"i—l:o“ﬁ
ARC G4l 6ot CET A Gin ST Ak e FAATT B GEA & o
2| H A T /‘]'Jr_]'o B 7Aool At o ]/\1 “ZF3I= (Degrees of Freedom, DOF)” 9]
AR BAZE etk og =dAel WA St 4G shiE 2tk 1L o2k
SYUSE Apole] FETAT 9107 5 DOF AL o] =B HeAF Hol Nt
E40] Wasit} W 2 2A40] e 7is o] 202 ofg) FHAL oful T4 &E
Wt et fster

1L 123 (328 gl5) o diside |4T ~ 15 § 7F2]o] & F3trt
9. 58X 2 9 A5 AR shutntth BEAF oF 15 30 AL —Z.—7}°H°F et
3. WA AFS X

Fo kg (8% 3 7] o)) ol 2kt 30 71 o)pe] REAto] W asic.
thek o] Ao] AR FAL okt AAlm Wag A4k b 298 4 9t
. Folg 9] A% o 2 HE

. R@sisles Ao B4
. HRS o] MEA

o Hlojg o] £4
S
o2 e HeeH
« 9 W10 M
o S]8EE2 A AATAE 5 0
o S 8EE3 A ATAE 2 7]

N = (M5 10 7} * 85 15 ) +
QLALLM * 2 H 428 22 9) +
(3 ¥ Z=2Ad 27 *3 A28 30 W)
= 320
kU

H dlo]g Hgof R/earth & AP T, 2P 9] 714
A2 4Fa1, o37]¢] 20 30 & Fsto] Dagt Y

—l)ll F_u
S, ol




Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 14

T BEA GOl S SAT W, A A9 WS AHY WA EAT 5 9rhE
AT 7|17 Ak ek, AT A AEGA HHS O E de 59 @4 A 1y
stab. Z|uiAd A=A o] M3t (7 California Ranch o4 Mediterranean © 2 9] o] dY)

L ojeg ol meste 4 ok
o SALAT AEA
o« MLS A& FE
. AZAE 77

A2 (Date of Sale) < S
= EA5le gi7tA] 2H o] E jo
=+t § stuth

1. golg $e A2 A%FAe] EH o] F J|7ro R FRYTH
2. M| LAR] AAS SUT AFFIL TR GAALATE ATt

o127 S Abo] WE AA 70 AT AL 1 FEFUAE REL S
Aao] Gt ohyW Hol o] HLoli, HoleolH AXPAL 25T 5 ke
AA| ofef o] T M Aol o HEAGE Tele] B £ YUk, Teht TejF S50l A

U 7hsst A2 oyt

719} ElolE & MARS 2E5te @ ©) ofn] gl BAS a4 ek 15 1] At =
45 7) 7L HFES £ WA BAsto] 15 7
724l 027 & & et o] FolA a5 Teld Ate et 2.

1. AL Fol7] 191 1 % A7 Agant
2. Elo]el o] AUAA AFHAe 02 WAAZS FASAL A

3. ole FFOIAE MARS 7t HA| A2l vt B Y SALHRT e 45
7PsA0] A, Hlole BAlL B4 2929 5AH £ ey
F& Zoht ol ffstet

d
&
I
y

A\

o2l
N
ity
|o
b
N
N
o3l
oif
rlo
%
rE
Tlo
>,
=
N
a
il
i
N
N
ol
el
&
iﬁ-ﬂ
o
,
)

g Sele Aol 1y
AgHe HolE 2 AW utel gk, BAH SAS ARsHE A4 o Hols A7




Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 15

54 ZZAE Zf IX

mRAE E6 722 16 T Aol 4 AR

1=

Fi o] Foh  Eo fARE 9] B 128 2,

1%

=]
ri
ne,
s
oft
2
oy
o
okl
N
N
rir
g
l_ﬂ
1o
i
n
il

RCA_ Projects/

| Market Analysis/
Burlingame 20240501/
Pacifica_ 20240310/
RedwoodCity_ 20240615/

| SingleFamily/
| Pacific_ Rosewood_ 123 20240510/
| Code/
R/
|

Python/

| _Data/
MLS_ Original.xlsx
MLS/
| VER202402510153248/
MLS.xIsx
MLS_Stage2.xlsx
MLS_ Stage3.xlsx
MLS_ Stage4.xlsx
MLS_ Staged.xlsx
Documents/
LinearModels.pdf
Cum_ Dist.pdf
Model.txt
PartContrib.pdf
Pairs.pdf
Residuall.png
Residual2.png
ResidualSF.png
Rpart.pdf
VariablesImp.pdf
VariableVsSP.pdf

1 9 Hele WA Bieh 1 5k9) BHS AL olu) MLS_Original xlsx & BAFsHEd),
o] AmACAEL £ AAo] MLS o] el 2L -2 Trh2 wefotn] A WAl AL
oF 5 Aol Agk, 717re] 11 LEAEC|MNE A e MLS theRE7} Bashd /HsAo) 917 of
Solth, g0 o] WAL A% wiehu]E sl TFH S MLS xlsx 922 0] AHRL # E
o GHETE. MARS £ $H15] o ¥ A ujajet shba, w7 Bee old Azt g 4 ek

ool A HAELS YAke] AL Frlstn FPste S| WAL sstul, FH WP} gy
7 HAE BEG MLS Stage(N) 02 Z2AE dlo|g Euo] 7| Seth thA] Wehw, RE
o MLSxlsx E ZYglo] Watstn], M AHLE WAo] AAoL 712 v2 ol WS
AAE, 92 MLS 9259 A9 F Wgolth. 4§ R EE Python ZEE H7) Data I



Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 16

MLS.xlsx ¥352 8oz APt oetA RCA A3l ZF A Hofl gl B Ho]E 2] A
EQ@WH@%?

IET, 1AM A4 W 3
J—EOE A% 0}]:]' qalgia] £ &= H]’i dotE 4 J=s &Y olF €0l ¢_Final” & &
05 gnt FUBAL AL REL B A A AR A nEd) Tl o] 2t
2 21 Bl BA) YT 4 Sl ofd) GAE, 1A selo) S0 et A%
MLS_ Stage5.xlsx HAEo&= BHilAo] H Q3 ‘?_Pﬁ-l /\]Eﬂ- =91 SilE]' £.5| Fannie Mae 71

AR $7 AEISAES 92 S olek EG YA AL Bolt 1 BaE HrEA
zgte) ojelg A Mool ST RES Hohfeli of HEL RCA HHelA 71 A
Zro] o] B 22l 4 9]

i}
72 A B 2 E%ﬂiﬂLﬂmﬂﬁEE e
e AFole AHE R E PwanEEEQQG

E
w
_WL
m
>
el
_{
2
)
e
91
—-—4
ﬁ
N
I

5.4.1 ZZEZ: 5 MARS(earth) A3

Z2EZ 2.1 AR A99 714 292 FUs skt $Is B A9

carth A3 DA A= 2ol 29 714 1% &dsty] flof 44T A<
dﬂ-ﬂﬂmﬂﬂ8m¢WEmLﬁw—Mﬂﬂdﬂ%Wﬁ*mmmomo
o3 A8d 4 e, 1 45 Aol = Aol HF At 2
ZJL A A oﬂo}fﬁ 01?—1 @ 2473 g Ql 71X 7 E HojF+=
- J2u 800 A F 13t Al 3 Aol Br AA 2 T3 @A oA
1 Zof = 5ha) ol AAE Aot A7 AT A 0“01 1“51*01 ol gt
=) ﬂxﬂtﬁ_# w08 HA, A LR T ctE AdE Ha 7
SAtt. ol2fet MHAg P> S 57 thA9] ZHAA A LAHZ *éﬁgow
3]4 Hlolg EAof tiafiA e ZAe 82 E Aottt
7t ‘%594 HA ZE6 =2 A4stet 7155 7}il7l°1 o XPi}

iy

—

]

12 o e o
o o i Hu
H N o

7|
sflo
GhS

o

AX

r%_rll_,—l—rr‘
Ko

30l

DA A
u\‘i.l
of

4
Z_"E—Dgﬁ
o (o
FIOL;
N
N
r

—

ﬂ@émm
of ot CL >~ ob =i v

e
=2
|
2 i oo
<
=

(o]
T 2 g nd
)
ol =
o o,
Olr ]
rr o
el

= Rl
o 2L
o
Ol'n OlN
l"_>,3 N
my o
o o,
= rfu
& <
ol I
e
1 o -
K :\;l
ogll r-ln‘.
2
Y 2
o
G2
1t
Mm
ot 1 %
L] 5
ﬁm
o st

¢

b r|r ol
N
N
R
)
N
1o
=
B
nE
olN
é
JQ
i
el
O
9,
e
i)
rlr
o
il
o
el
ol
O
e
&
O
i)
ity
b
>,
o
Mo
re
-
|t

—

o]— E-?—O

jd}m—{mmlmgéo}nrlo I oft > offf oo FN‘
_“r_',_t\LF?.: N

% mgo] ohc.

r{a
i
kU
L

A
oW Wt Aol Th 2 S FLA olslstr] SIalA, 71£0] 24 WS Aol 7t
A2 FABHE B SR ohw Mg HlolE (487449 AR, B3, YA A7 9]
A2l 5) & F7telof sheA] Bekslr] 1914, 2T M aeHel ALY LEsts 4TaE

N

Jede 7ze} R/ AR G20 VE & o) Leie] Age S5 Agsior ak.

|

2 AR =g 209 BSA8E Tao) G A3A02 VE 7 Ao
AL T ol it < ii R2 ¢} A4 dlolgof tigt Hgt £ CVR2 °|t}. 19
o|22H Hifﬂﬂﬂa }ﬁ%ﬂtﬂﬂHJHQ d2 =olA, AT A9
Ro} 470l B (SI205] 18 AFEO] BRo]  ZZEE 1.1 3 earth() H2HulEE
Z A oﬂo]: SF 2~ oh:]-

==

rl

|
>

S0 meAE 725} o] A9 M EUE A5t o7} e ool 2 £
230l 21 sfefold o R2/CVR2 9} g nEERE oz Ago] A4 A4 e
A o b 4 2 Vi L A el A A 251 ol1e 1 &

2 5lat 7—10]U1 j_ AL 1:;,-11,]1 ZL o] HI2 # A o] ot}




Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 17

IZEZ 2.3: Remarks @ A&% EA 49 Prolog &%

ofz] thA AHAR] TA o 7= SHATE earthUI ofl+= ©]A| W& Prolog 171 (vProlog)
o] A o] Qlom 44 FH (Definite Clause Grammars, DCG) & ©]-83f] MLS 9] #t
T+ A= € — F9Et} Public Remarks, 1 8ol 57091 remarks & & EAo|u 7] &
Za @2 4 7R EH BE5 — 2 oA o] A2 “owned solar”, “3 car garage”,
4050 workshop” T T2 RHS SARLH] FAL 5 Yk B 54 A= w0l 5
o, o|ZA E¢d 34 Hloly A2 AW 240 JHtE drFgE o (Holl e+ A

S| AHTEA O] A W 24 FFo) Tt £28-& Het o] 7] AA = o]F 59 earthUI
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O
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5.5 944 Excel ¥IE

iR 2] MLS AH] A7} B4 BJO]E12 Excel CSV TN ER Y22 sla g, dlolele} 7}
% 474 st HE Agote e Exc ol ofnbe 7bg Melg 49 ot mzAEni
MLS xlsx 8= 34 Excel 125 0] Shba 9100, of7]o]i= MLS oA Lfelihe $2 5541 7]
o) 21292 Agske “MLSData” AIE shitet clef Aol 4% 8l stebule] AlE7L Sof glct.

Workbook: MLS.xlsx/
Sheet: Project Data
Sheet: MLSData
Sheet: Regression Variables
Sheet: Calculations
Sheet: Allowed Interactions
Sheet: Aggregations
Sheet: (MARS run parameters)
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6 Y BAY

6.1 A&3 Y

A8 W o= e of s Ae] A% el e,
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2. A% A o
3. 49 58 B v
4. NE ¢
5. BEAL €2 7
6. W AT v

wrebA 4 925 M kel AE AL ot do] Aed 4 Qv
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W (1
G < £ $EE Aolo) AL Ta
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ne = Ad w4
nm = 24Y 55 9AY 5
ny 2o Z2AE O] 5
=935 AL 4
“W7 = 282} 1}7] BE 2= oA 9] A HolE A E= o]FolXl Excel Y5 AAIE 717
S, T R e Python m 1815 ASFoIR o0l 2171 A0 . dlole] Ee e 2 44
A= He O]OHBPEP RJJrPython LT o5& ol T17lo] HiolH o] o 3 E= Fof
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“BathRms”, “BedRms”, ...) o]al j=0 ©|H v; = “GLA” °o|t}. R °]+& Python ol YF AR
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S Aol] <Bg) 2l el AAet FARAFAA (V) 7} T A%E B 98 45 9
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48 e 95 HolgE 498 neds Eos sasior B VE & Haas) 259
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ARt B2 AE YolHt §a8e XRAE 9 Ed] glout, 9 SQL Hlo|HH]e] o
A4 S ok
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v
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“stageb”) -HE/A

stage2 : wy = “stage2”

6.1.4 Excel Y3E AE (“s”)

RCA 4] Excel 9280] 717} 2 elo]g majolo 2 tf s gg AES] 9t

rr

s = (“MLSData”,
“Regression Variables”,
“Calculations”,
“Interactions”,
“Aggregations 1st & 3rd Degree”,
“Aggregations 2nd Degree”)
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2 7 WA Wme] AES T olfik, M5t BE JBAE AL Tty £ Holshe
7o) 71 £49A 7t el ARE FHH 7ol HAAE o] WA MAE B2 (H8) A4 A
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6.1.5 H34 22" (“p”) — MLSData 3

254 2 AFE MLSData AIES] B o 2ot The AEd: A gheol, 2% vl mA
HARog HIA 274 WEE 4 WA 0|28 AT, B5A D B5o] ol thwt 2t
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<E7|o] 1 ARI0LE S-S 2 ok Elir alo] el F 74A azlo] gtk
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2lal, Y] &= HE = A fE s e,

o B4 Aol M= g T 7|Ro] BT 4 ot

o Juet I EE g5k= e VFsEERE AT
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11 do]g o] EA

o] doflAli= MARS & &2t MARS + A& o= 2H4lo] vh= glofg of o]&stH, 11 Ho]E] 2]
FHE2 oJH MLS(Multiple Listing Service) U A5 F7FH| A4 t-2t}. ofgt Hlo|g & e

Skl JjAdste] o] -& 2o e thE HolE 35AE AR £k ok o' 2o A = Al

AZS gtetal, g Aol A= 124 vt 2 A0 AR A= FE54t AR 214 et

1 ZA oo sh=tl, 1 F=Hd T3 o2 tiide] 2 4 St

A 715et A= HlolEl 7t &

A A
WA olsfisfiof gt 7] A o

e 37 Rl ZetEA) ore WaSo] d Ao A A AL drk Fwy
(hedonic) 2@ 9] £o]2 514 o] ald ZAE 7] ke S AWML = AgiAe] AL
FAe A7 2457 g Wpolnl, gils 1AL AR o 4% A8 o] glv] tE
olt}. 71 gLe di4l 2 Eojof shet], ARol A A e Ta] FuA Brow 4w
o). RCA oA 1 Bbo] 1ha} &9)mo] 9 Yy, HEAS 13} B AguEd 2
Rago ey tielo] 7pg e REol A 7P £ RSl o2 AP £92 dbtt A
o A& 700] olafsls AR EAA7F MARS(CHS HS 87 A2a)9l) ReL TrEchs
A7) ofef o] &9 wj7]17] WS antHolth. 2rtw aTEE ARte thet 2t

ot} Almet
oS

. THAFS W R2 B ARk SF Hlo] oeleol A A 1 A4 B A
o AABBAL R2 4TS oF 0% = otof gk, 278 REate] AW g
742] 7hed A Rio] Al Brbsetel 39 wae] 24 9 4 gl 3 vjie] 917
wj2olch. R2 7} 80% 2 37 SEChY wAgE ndY 4 glong o s ok g,
chet @ 713 013 Aol 9ieh. BAF glolE R2 7F 90% £ W AR A elo] 9, 7

7}7} ol ] ZaloF 50 60% F= I olate]] HE= 2 Q).

e 573 AGoIMY £ Ry Th EAALATY 12 51 FYT FANGHY REA] 51
oA
£

112 24 SFASRAY 4H 9 B 57

Fannie Mae 2] A8 @ 24 53 & (C1-C6, Q1-Q6) o= EFET ¢Fo] asict o] 2

52 4 34 EAL R HAFc) o UF AL, B Y7 Fofst= Ao

TH 553 — 1 AR IFAQHS — otk F F9E PAH R Pl F= Ao] -85l 5
‘] .

U= 3R 2ol= TAFIIALS] AR 55, & AH-ZHE (condition-1) &t FE-ZHE
(quality-1) ©]1l, T2 shte Zafoll A B == MEE A = AEl-A Y T (condition-2)
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of FA-AUE (quality-2) TF. VE & AR H7MY] 2HE 552 TAXI=E HotEo] 19 i)
A AT 4 9o, O8A 42 A 71| 7| o= AR AR S4=e] 271 3L iAo
Cli= = 73 DI=EF2 o] F 2YHE W49 3l 4 779§ 2 =7
2o A wijo] — AAA B E O] 3] Y off S H SAdA AWl — ZAtol ThA] H
Sk Zolct. 13l ThS o] 2 zbajel A AlAAske] ol 8ok Al WA res condition]
T} res qualityl o HiA Sttt o]o] A MLS ¢] public remarks(public_ remarks) o I Bzt
B2o A #&3 27} ARE 0|5 FAMS LS vl AekA BEEL). HE Avke AU 74A]7]
o7} ZYE A7 dASHE Zoleh, AW SHE A} RS gig U oJHn g o,
AHiet F4o el 2T er HilE= gk Aol =5 Adst gloloh

O

11.3 dlo]f &%

oX:
A
St
e}
H-[
>
i
<
x
rlr
oS

X

=

L Rt R A0R Aol
]

ol o] F=& flo]Eld ko] @

2 ArE]o] 717 mof Aol Hioll= nju|gt gyt n|Xlck

a8 EA A Go| A= A AA o7t TS 4= Qict. oA W FEjo] ofxof 2 T2 273
zhzo] z]ojF oL}, AR wj=olofA] 2 & WS glofl 1 59 THF Hof] 2 A2 W= A=Y
o] FojH & F7AHA (GLA) ©] 27 o1& A2 Azts] Het 183t i7o] o o]
2 E o|F HIIH 7| Eo vt & 2] eFofrtal shxt. I ATt A=gho] 2,000 AlF T EQlE| = MLS
o 2,400 AFTER YERS 4= Qlch. 133 4 MARS 3]FEA4E $3h517] o] MLS H|©]
B S vpzfotof st ulwAl o tis o] AEE oW Aupzto] AL o] WQsh 4= 9l
th= of| foJdfiof gttt EA 4] A2 o] x5 3) 7|55l Fofof gt

oS I HSHH, Ao MLS A= a2 3= ke

w2, n5A 54 9Tl vis

T, =)

=
)
=)
olt
L

2 L

Ir R
T
rr
=
L,
o r
ofl
ot
=
k)

=

b __'—

|= RCA HHo] A &
7t

ST mabq A BEALS 3} &9l me] B dA AYE £10% o] @A
14 £10% - 20% = +2% ©| @3z Attt Aewis o]@7] ol Zlolth w

TR A2 MARS S RAC A DS A] ghe WAE] PPA Fhxe] tha 2 A%
2 A3t A gt thut gARATEATE AAH 24 Wolt ofio] o EASH=AS
: : 54T glolE o] g9t ]

Ald: Sea Ranch 94 AR & 71x]2AH Q2 =A3}7]

ol A AN DA s B2 7F 1 A G4 FAANA T M SERT IS
w, o] Bo] AAISHE - 1 SAS okl o] ofuet mbl WAE oo} ZHshs

Aoltt, 4kt 7-&H 9] Sea Ranch 744817} o] & 4402 mojzrt

SAotet, Wotsol#] ek Hie-9 #AIA At &kent 712 E| 9] Sea Ranch A GAFe]= HE
O7bz] o] A2|7F 5 7EA 2 2090 SieE AT thE 4ol Zrid dH oA 2w o E d
ol FHZ WROR 4 72 1 ntd Bojl FEI HIo] e M-S Her. o] A A
MLS HoJE & Htt7b#] o] A7t Wz 7|55 o] 4] ett. AR 71Hs?t MLS His2 4
FAIZ 27] MARS 22 T A9 A4 S840l ST olof & R W AES
AL, A2 F2E HolHoA Holz o' 540zl Faite 129 A5k XA ©f

mFollA wA v A2t

S-S A4 SAolqlt. AR SitAlS 7IE o2 REA WA E Holge A4S A2 E

(o}
rlr
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FAAY A BB S 542

Al Aok iﬁr
o 31-8-=#] ¢

319 R2 7} 80% =HH TiAF H5AF 712 9] oF 20% 7} Zafoll A B2 E 2] gt of|AFsie) ot o] =

14"‘ Holth. CQA-ZtA} %ﬁiil‘ﬁi %ElL Zhap Zx o] g fEo] CQA o ¥ £ =2

o =2 ¢ttt CQA-Zh } AT e CQA F E =2 CQA FhoflA 9] 7totE 7187

1 ] Z=0] E“ﬂ 01 T A= }94 o] ‘:E ﬂgﬂiﬂlﬂ‘r oAl ge 4= Qlth. 28y o]& o]

Zrof| BgA4to] “Eﬂﬂﬂi CE EP A7 ¢t F5A4t Afolo] wfE zto|7t o Atk Ho=2 A

et agste] S A= £5% B0 dFE U S e v, SHoAE oA 2
+2 ~ +3% HHE o fdsH QE}.

RCA o] At s Alttshs 42 CQA-ZAF H419] ulAg g miZo] ANbH o= tha oy}, 1
2ut Al 2kt Tﬁﬁﬂ O‘E}Dﬂ APOPHE‘EL 7Fsstth. CQA H49] 9= 0.0 A 10.0 ©]
oh. 2 MARS 2ol ot 23t =918 UH‘?%OI 7P e ZollA 7P =& A7 el
FFe Hojof s, AA| Mele] £5% oW, & CQA HFE +£0.5 o|HE BA57| 7t o1 HA] &
2 ZAolth. 3 EA o FF4t 100 710] ‘éfﬂﬂu}tﬂ ol that H5AtS 10 7o) Fa] <toflA] gt
o] Zte]ui st Aol sigettt. 1Y & 39] Burlingame 7%31 tlo|HE Fx35te], VE 7t %4
g CQA 7} 7.5, 5.1, 1.9 o] 1L i/ Fg-A4te] gk 112] 74x] A&o] $3,000,000 & wfe] A 14
Sk (F 22 & A4tel Bab & 3o AHEH #@H A 7bed BEG Ae] glong Hagh X
NAE (AB4E 7Hsto]) e BitaljoF gt} £76] o £2Hd, 97|14 VE 71 ZF 3%
100 A1 2k} =Ll oAt Rs4te] 9E +5 1 H 9 gtoz & A1y 7pAg st

-+

[r
UN
L -m
o

Zi

O
O

l

CQA= 7.5 +0.5
CQA TR AR | o 3k | P ARE | 2ake
8.00 $257,112
7.50 $197,113 | $59,999
7.00 $154,615 | $42,498 | £$51,249 | $3,000,000 | +1.71%
CQA=5.1 £0.5
CQA FA | AAE | A oA | TS AdHE | oS
5.60 $50,011
5.10 $19,559 | $31,352
4.60 -$28,207 | $47,766 | £$39,559 | $3,000,000 | +1.32%
CQA= 1.9 £0.5
CQA AT Azt | i & | M ARIHE | oAFE
2.40 “$228 411
1.90 -$276,381 | $47,970
1.40 -$326,938 | $50,557 | £$49,264 | $3,000,000 | +1.64%
o, JUYS AFSE G AV NS QAT ZRET (o] 2B 1 2 F7|T
BBAO 2 AAE Bolth) & Al¢1 1 F4 RS ASsHE Aot AA ArtEa-e AFe
EohA wj ol A7 A Hojd 4= 9leng o|Zlo] "yt 7H e} 0] 59 ﬂﬂ%
Bl St Ao Bt o] Ao AAE A& S k. dBy BuAt AR B 2
44 2o, FHE 7ET ZREZC 7|28k 1A A E AlTetEE AP MAG i'E
2 A& 2hE A grteetAte] 2ol 2asity I 7| TR EELS {5 AR EHE
StEo] o2 79 FUt 1A AR o2 BT v dAs|of gt 2 HlolH
7F A= HREEY] A¢ ol 24 7Hse 53 Y Aotk
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11.5 oA =A 9| H4 g4t

SEALY] A7 E ot w A2 AL o] H40] Wastng, Avjatel 440] o]FolA
A e wE G A BEALY o] 4L A2 Aditelrt T ESFEA Zolrt A g}
th. A AR B4 =SS Soleln ARSE A% Feel Mmeti|Ax do] ofo]e]
of ol A 53] Lfstet. Lefste] v AAR ] Bt A LT FEi B 0B ARl 1}
o] Gt w7 FEnch AR SYste). olels 7HA] Aol th HEAre] 13} 24, &
o) 1 CQA A4olA] ZAE|ofof it o] th HBAS W74E uf vole] BAw ey}
Psto] F2g TelAkgolt,

11.6 o 5 Hl°|HE ¥+ HA CVR2 9 284

MARS 2] A&A4-2 7295 AeE F5it B gdeko] R/earth & o2 2te] §Hs 285 ©
E

123} dl, o] FZH4 2 54 MLS dlol8 A& 2] 80% A 90% el sigat &3 A9
=t YA 10% 20% 2 Fa4tol 474 Aghe]l "o o] gAA &1 Eﬂ ole] Hgor
MARS RRE WET, 1 R0z A4 dole Agol 43 2EAre AR S = et
A AL B o] WHEE obd BEEA GO HEAG AGAS A5 4 s
ANE BYL st A Ejl]-zﬂﬂ Hdzko 2 do|E] nfo|yd Holof A o];etﬂ-—y 9\]1\;]_'

Jejut CVR2 A EO] A T8-S AR A 2| A gl wit 941-4 Eou A
At bl Y7l B4 7122 @A0] A HEA Aol B
Lo 9ot 1ed BEAL T golH At Zay
B ololE gl A7t dA 2
olelgt werol ., o deh Y2t 12 g
1

| S22 g A 15 W3k RS 919
| sgare] 7127} o owA 24 & AL/ WA WAAZL AAA Y RARTE 7
% CVR2 & Hol= nelol /14 4eet 248 A2 540l ot g dold Ago 7]
B 4, Ahete] At creke lmAtel 7t S8 EFEe] Gl Aol 11astct

3370w, el dold AUelA oo $5 249 AAlelg Asto) Aol dve
B9E 23 girke, AA2 AU I BEAE0] £91HE oo A2 o RS andos
Al e - et o2 §1118 AoHE o B4 AT CQA A0 AAE AT 4

AT



Valuation Engineer Journal - A 1@ - A 1% - 2026 A o5 44

A Ao A2 olehe ol Fo] Wal FE, o] WHRNA A FA otk o}/ 4 X7
o HE4e] & A A 8 AL Ho] St A7k 0] Aol Wit

oFo] TAE £ WA (GLA) o|v} t AW AT} 2:& Fabo)
2R} 1 S5Abo] Hl] BHES A &
o AL B A BHEE Eoi0i, thelo] Dol BAEA L e PR £40] 9IS

>
_O|L
A
o
rlr m
ol r
el
HT
O
=)
1%
o
ll
>
30,
ilfe
tlo
o
(o]
rol
ui

=2 T A
2 FYHILE AL Z 7HsAo] Eong Hoh Hstd HIE 9F) GLA 7| AFDEY
25 & o Qe o] ZAl Hitt B 42 =0 thE =R o R nE

e}
2
2

2
~
08}
I

o
- £
i
2
f

O
9,
ot
&
=
i
A|m
o

e 4 2

fllo 13

> 19 JlN

H 24 2

HEL ofr

AL #7n o] 245 2cks ofdlol At 2elx|elo] TebalE the Aol
oL, IAE TE s8] FAI,

7V 7: el g &40

A A ST 9] e BAL 3] A &9, BA/SF of G &9, E
FBSAL G A% Aol 7P Agehek waets 23] o g o
S ok 2102 glojof Ae}. SF o] oojelolel o] Axe] Aol Hew, =
(F FARA) 7k f5] ZAL 2 of & oh& T WA/SF 7} A= 7}
gt

)

o o Mo
It ol 2

nd @ i
>

ol ol ok rlr o,

lo rt tL
o
lo

il

- _IE [UIO

oft
o
o
B
_>|J_|‘

N
)

N
N,
o2l
X,

i)
My

(o
2,
2
o
)

U‘.g o
L
g
53
_V‘Lrlr
o
N

1] 2541 7he ] T 254 2hafe] wie] £9lo) ek, FAHORE

27 e HEAo] Hl8-S Lo H 1 H[E-S 10 02 o] ARt oA
7L A 9 50% Kok o O P55

217} 74 2 BEA St 10.0 2 HRS

0% o FEAPIL A} g pE GO B2 B 100 2 0|24 BrFsoi).
7Pt ol @ REAe A7 Rt WA} e REAto) §1] thiolct la

| Zod vhed wio] & ool 0.0

ehi CQA A4 ol F54He] Z4o] o] 7]
FL Aroln, 457t 5248 299 o5 o
CQA B4 At o] mjete] oiat 7 o
o e W)L QA sHs o] 212 sttt AR EAE Al o
gt 2ALE Bol AAhgkel AT 23 ER

AA7FE ZA AAY WEE AL 2 2 ofUA|e, A] vz, ASA AT A5
5] Abgel 4] dofid & Ik,

3 3 MLS HlolE o] 2@ AA WS Ax U CQA A4oH I, F9 71 EH ARNEY 7]
o AN o] AFelA BAE FEA F4L of 600 ol girk. 8] £ ofe]

of

4z
Mo 1o

filo

o,
o &y
[a—y
S 9

|

o
Mo

)

q

of
M~
2
O

oX 2,

¢

2 oo buor &

L

)
o
R
N, ke
il
o
)
i)
=)
30
rlr
S,

Lo

o A7 ghobehs He sher. @l 2l of 7] AN A Azl 2
Z:0] 4% MARS F71240] o]n] Lejgt 59| grolct.



Valuation Engineer Journal - A| 1 @ - A1 & - 2026 @ o& 45
B 3: 2HaE JEe Bl AA

SalePrice | Estimated SP Residual | CQA | Residual/SF | CQA SF | GLA | SaleDate
$3,450,000 $2,318,865 | $1,131,135 10 $420.50 9.98 | 2,690 | 2021-04
$4,360,757 $3,309,922 |  $960,835 | 9.9 $290.28 9.82 | 3,310 | 2021-09
$4,000,000 $3,134,444 $865,556 9.8 $234.57 9.60 | 3,690 | 2020-11
$5,850,000 $5,150,966 $699,034 9.7 $109.91 8.35 | 6,360 | 2021-12
$3,600,000 $3,023,366 | $576,634 | 9.5 $269.46 9.79 | 2,140 | 2022-06
$4,425,000 $3,987,873 $437,127 9.2 $127.44 8.68 | 3,430 | 2021-08
$2,530,000 $2,164,564 $365,436 8.9 $180.02 9.28 | 2,030 | 2019-12
$4,250,000 $3,884,719 $365,281 8.8 $87.18 7.91 | 4,190 2021-08
$3,350,000 $3,034,613 $315,387 8.5 $130.87 8.75 | 2,410 | 2021-09
$3,800,000 $3,522,028 $277,972 8.2 $77.43 7.72 | 3,590 | 2020-09
$4,200,000 $3,963,748 $236,252 7.8 $56.12 6.89 | 4,210 2021-01
$2,900,000 $2,702,887 $197,113 7.5 $89.19 7.92 | 2,210 | 2021-07
$4,250,000 $4,103,885 $146,115 6.9 $39.38 6.29 | 3,710 | 2022-08
$5,000,000 $4,864,958 $135,042 6.8 $28.25 5.85 | 4,780 | 2021-07
$4,320,000 $4,199,672 |  $120,328 | 6.5 $33.90 6.04 | 3,550 | 2022-07
$2,600,000 $2,479,904 $120,096 6.5 $60.96 7.00 | 1,970 | 2021-10
$3,400,000 $3,301,146 $98,854 6.2 $30.32 5.90 | 3,260 | 2021-06
$2,000,000 $1,901,987 $98,013 6.2 $73.14 7.54 | 1,340 2019-11
$3,000,000 $2,919,718 $80,282 5.9 $26.50 5.79 | 3,030 | 2020-05
$6,750,000 $6,699,089 $50,911 5.6 $7.75 5.20 | 6,570 | 2020-08
$5,652,000 $5,601,570 $50,430 | 5.5 $12.83 5.37 | 3,930 | 2022-05
$2,600,000 $2,579,082 $20,918 5.2 $10.51 5.33 | 1,990 | 2022-03
$1,925,000 $1,905,441 $19,559 5.1 $11.51 5.36 | 1,700 | 2021-01
$3,200,000 $3,200,500 $9.500 | 4.8 -$3.21 4.88 | 2,960 | 2020-11
$4,150,000 $4,187,560 -$37,560 4.5 -$10.49 4.68 | 3,580 | 2021-04
$2,700,000 $2,776,510 -$76,510 3.9 -$23.61 4.14 | 3,240 | 2021-07
$3,450,000 $3,567,668 | -$117,668 | 3.4 -$31.05 3.90 | 3,790 | 2020-09
$1,975,000 $2,109,255 -$134,255 3.3 -$55.48 3.24 | 2,420 | 2020-02
$1,950,000 $2,085,431 -$135,431 3.2 -$68.40 2.86 | 1,980 | 2021-02
$3,695,000 $3,850,154 | -$164,154 | 3.1 -$47.04 3.56 | 3,490 | 2021-05
$2,288,000 $2,455,747 -$167,747 2.9 -$56.86 3.19 | 2,950 | 2020-06
$2,635,000 $2,802,781 -$167,781 2.9 -$56.87 3.18 | 2,950 | 2020-09
$2,050,000 $2,217,794 -$167,794 2.9 -$82.66 2.46 | 2,030 | 2021-07
$1,550,000 $1,731,804 -$181,804 2.7 -$130.79 1.32 | 1,390 | 2021-05
$2,800,000 $3,028,411 | -$228411 | 24 -$81.58 2.51 | 2,800 | 2021-02
$3,700,000 $3,976,381 -$276,381 1.9 -$76.99 2.62 | 3,590 | 2021-08
$2,517,500 $2,834,974 -$317.474 1.5 -$120.71 1.48 | 2,630 2019-11
$2,550,000 $2,905,330 -$355,330 1.1 -$115.74 1.64 | 3,070 | 2019-12
$1,815,000 $2,263,944 -$448,944 0.7 -$273.75 0.15 | 1,640 | 2021-11
$3,711,000 $4,683,454 -$972.454 0 -$226.68 0.37 | 4,290 2021-12
$2,225,000 $3,332,960 | -$1,107,960 0 -$370.56 0.03 | 2,990 | 2021-08
$3,550,000 $4,746,489 | -$1,196,489 0 -$274.42 0.14 | 4,360 | 2022-06
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CQA ZAE Aot T2 Aa 29} AAE A% olopr| & L41Fe] ATt San Mateo
7+-S-E &2 34| Burlingame 2} Hillsborough, Woodside, Atherton &< T is

Aol o] BEAL 72 WA A AR AA A HES HolZeh, o] ARL B
A Grte] ol2= BE Ao FF2 FH, 340 = wjQl LAY B4t A FA k. ¢
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Piecewise Function Fit over CQA Curve

° O Data
o — Fitted Model
©
S 4 Exponential Growth As CQA->10 £
= y = 130.9298 - (-1.320252e-7/-2.251965)*(1 - e’(+2.251965%X)) {3
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N
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§ .
Near Linear 2:8
o =-214.2852 - (-49.88598/0.05834276)*(1 - e*(-0.05834276*x))
o
< .
- Exponential Decay As CQA->0
y =-139.7356 - 332.2264/2"(x/0.2767091)
S
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1}7\} Aok -2 Al 712 AEA 7o 5 2= Solth. AA, &9 vl At Yol ofy e} A
g Aol ol 232 ATA7]= "X EEE= 724 9 E (anti-anchoring) 4 & (1‘:ﬂ I).
o, 14 Bt oA AES SRl rowA 4Rel 291 RS B A G ol 2
4 Ay (S I & Z1of o]ojR= =), AA, Ap-AF-252] EFA FEH = o /‘]7‘} 2149
of A4 = Zo|ste] Yl Aoz Holk APA FZHA — CQA-ZX}F EATA. o] E9] 3t
Al EQF T1of] ZAEA A olt}. zkaf Eofli= Sl AR A Ao 2= ¢Fal, CQA $1A] 2F
AL o B2 B D Al 75 B2 e VE o Beol Sz, 4949 2 i
S Ui ko] Mix|upA)S 7ok Al gl
o] =RBol AT AL Shte] Bxt m2EZold o}y AXsH] 2RO BA WY F4 o
2 @7 m2 el AXSHE AL, ol e ARG $A] 1 T2EBE ATElz 7
©e A9 Fssha 4 F40] s ol neielolt, 3 olnelel  MARS /1484 @
AE 5t CRAN 9] earthUI 7] %], 71 7]741 Ao A AR E X S + glmnetUI I

712], 37 BE-E 915 mgevUI H7]2] — 2 o] 5. #d =750 hFE F e Ao, B o
242 RCA A *J%%EHPJ RCA & 217t thejvh. A% 7 Ao 9 we-A5 1=
(Craytor, 2026, ©]¥ i) O gE7t o FaTAE 4 =0 AHPY] AEE 75‘11]14 °
2 uldf AgA 9 EQgroz AuE, A7t AL BA 7M. AF sHsEH) whE=
52 =gk v A ot AAsHA tidsty] QI dAx7dolth RCA £ 1 ¢ & =24
EO] 5 4 (F) & Mot} ZR2AE AA|7} ofH, o] =R 197 FA6tA] oret)
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earthUI: earth(MARS) H7| A& 913 dig}ld QlHH oA

Sh=to] HY R olF X590 -8 Htof HYst HAEV AERS U gETto] AEQIYrt
William Bert Craytor
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o] @ MAA =72 Fefo|o]EHE AR AHXAFA] 4.0 A 2ol (CC BY 4.0)9] 7)) what vz gt

N earthUI o= -5 37 &222H] (MARS, multivariate adaptive regression splines)
S THAS R earth T7|2]2] 2o ARE-2} QIE| O] A (graphical user interface) ©]th. LR o
o:] , HEAF ARG 7L A2 o BAolgk= A 714 & REE AZ5HH, flolE 7H4 e
°§ :r“‘q A, 1210 earth o] Mgk AHe} g EH 9| iAo o|=7]|7HA] AFEALE §
t}. o] %EES carthU1 ol glole ¥4 84, B3t &Y 55, &9 ¥, 1191 HA 715

= EAEe
T: MARS, th¥eF 22 3] A28l carth, R, 12| A2} Qg o] A, BEAL 744

Y n&éj.llw o

0 N rSL“

N
—

grgQl 3 (2026 W 7 Y¥): ©] =EL2 earthUI 0.10.0 & tHEtt. 14 2179 earthUT 0.11.0
o] Zpuff -8 L2 TRl glmnetUI e mgevUI(©]0] 2= F WO =Fof|A Aisth) & &5
sto] MARS, dat2g Y, GAM Y 552 ool 58 E_EL:LE“EE E%}o}‘zit}. o719
A A5t e Ho l*fﬂr 2t 552 o] 5] °§6§—% 2] okt
27
1 A= 3
1.1 earthUT &F FEGIRIZF? o o o 3
1.2 SRt w71 A, Al NS 28 L 4
1.3 Al 7FA &% T 4
1.4 BSAAQ 715 . 4
1.5 earthUI @} vProlog AX| . . . . . . . ... .. 5
1.6 AIZFSEZ] . 5
2 MLS 99 do|g 81 7
2.1 T FATF LR 7
22 AW RE QA L 7
2.3 EL G T 8
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3.5 TF T 10
3.6 B A A 10
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°§§]' %12 Stephen Milborrow 2] earth T{7]z]o] ™ (Milborrow 2024), Milborrow (n.d.[a])
! Mi lb orrow (n.d.[b]) ol FAI5] EAIBtE o] St} earthUIl = 27 Shiny 58 T2 IHo=2 A
Sw, 2015% MM E AGE glch. R oA gt 7 dlol8 Al (CSV E= Excel) = 71 L
B Aol dargon A

O] & T2 dlolg 7 7], ¥ 4, B9 Ad, A 19, M F_E,

A, Z1¥] 31 HTML, Word, PDF 4] oi ‘4134‘?:}2 UE HilAo] o]2&= gt 2
Azt

Iil o2l HE, ‘{1

FLIIO O_u

1.2 shtel @717, A el 28

A DA 7]F 02 earthUI I 7] X]&= F 7l 34 2] ILE (Post Processing Module) 7}A] i
otol=d|, o] Ao A= glmnetUI &F mgevUI 2h= B 9] 1f7]Z]F . earthUI & A |5}t
WA 7H2A] felo] R AR EH, 42k A 22 Shiny 3-8 ZERIH O R AYH:

« earthUI::launch() — ©] =Z°lA HP5l= earth(MARS) &8 Z2I1HOR ZE
7878 & AFRIHC} earth() 7F F4 AW AAol),

e earthUI::launch_glmnet() — A2AH Yl 32 BE (ZE 7879) 2, earth L 2] 7]
A &4 (basis function) & 74 e} et /AetAE Yl A3} of2fjof A ZHZ?G gt (o}
“glmnetUI Import” FX).

o earthUI::launch_mgcv() — GAM 2] ILE (ZZE 7880) &, earth P 9] 5%
(knot) $I1A]E mgev F&EFO] ST H o2 AR} (oFf “mgevUI Auto-Export” 7‘}7\)

A 2R shpel e E2l shbel A4 dolesels, 12T A4 A T AL o}

E FGSIR2 gt 28 T2 7oA o _LLEZ-UE‘— THlZ o} 2 2.8 mg Tl ARRSH
Stk ghunet 7 mgev FEL A2 AU A 55| o2k carth RR] 74| ALL 3
WS 20l Olwdl HAS WA carth B A4 CHEL ThE, Bgo] Bagd )
re maAEd oo w52 Agat Aol

1.3 Al 71A] & =&

carthUl = 2912 H2AE G9l2 2Asity, TeAeg 8 0, 282, 442 149 9
Aol @ BUSE o|& B Aol BE ZeAEL 44 A A ZAE vpEAeA A8

St= Purpose(-8k) E A|dth. Al 712 REZ} Qi)

o General(¥ylh) — 2E 799 ZlTo|LU Hlo]gAlef Tl Earth 3] &4, 7|2 o]
ot Tl £3} 75 glo] AA| MARS 238} &Y 52 A5ttt
« For Appraisal(I78B7H8) — F&4t 44 ”47}01] Y Barth 2|94, oA #5544
E], S Oeﬂ 214, Z2F Aok HH (RCA, R681dual Constraint Approach), 7 2jAr=]H] 0
B2 AY T EY HE/& AAG7to| E3te 7152 F7Hetth
. Market Area Analysis(AF A S BA) — AR Ao 9E Earth 3 HAEA. &<
A Hs4tkE Bokoks W4l o A W Bei a2 —Er“’}“ 7'%5& F7Feth
Al BE RFo|A S} R5ge} Izl 5 Yot /\}RZ} AA L} Earth(MARS) &S 2
At S A2 Oﬂti F7t =2} ‘ﬂﬂﬂl o|A QAE ARG & IR E Aol Holth
= T2HEYE IQPHY, T2AHE 9] %E% =7t F, 7h2H, EAQL @ Z2AE
M A Aol 7Tk u}% n2AER A carthUI & 742 718 A2 2719151 (714
= dlolE], B3 Ay}, |, 4 1A, earth W77 5 27T}, o]o]A S T2 A E 9
|rof AFHE T4 S

o
o
°]

1.4 54 A8 75

For Appraisal £+ Market Area Analysis & 85l earthUl & F54F 245 9] A
A of2] 7152 BT
« 55 A — & o E5H ;o= contract_date, dom, concessions, latitude,

longitude, living_area, lot_size, actual_age, effective_age, area, site_dimensions,
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display_only &2 & &, =9, AdAEE R
A8 IOl A Sl do . Ax= ﬂ &= Eﬂ’r
. Slue} ARol BEY - G CE AL AFH B AATE D] $1a) A5 4
A A A7) e R,
e Sale Age € — °o|H &9 contract _date 2 AAEI 7L (Effective Date) ©
2], earthUI += sale_age & (i3} 7|5 Atolo] A=) & A4lsto] o S i o
Aget.
. RCA A4 (497} RE A8) — 2477} RECHE RAL HEAZ F carthUl 7}
ZhaL Ao AW (RCA) 82 ALt 4= le, o= HuAHE BHAA], +HA/SH
7}
H

=
18
st
flo
_
2
st
4>
%0,
o
o
N,
o
w o
)

2
ol'_u
N
o
il
2
D)

X ok 125 g e 1 vuls A S Ee
. AR EE (A78%7F B 208) — vl 2, 4k 54 29, B4 wfuzhA ol
gt #4& LT o5 AE Excel SEAE AT Al 11 42 2at

9: General $= REE F4, W3}, 3}, £E4 5 ofd dlog Aoz 289t 4y BE
o A BEL REA ABIE ST WO )5S U

1.5 earthUI ¢} vProlog AX]
earthUI &= CRAN o] 37/j5E0] QloB g H& HAXE= R oA ¢ &o|d Uk

install.packages("earthUI")

& 9J= A-o] CRAN o] ot o] WAg 435}
2 Qe (7147} A4 prg/ Erio] o Rz

T— - 1

3 Qo R WA-S GitHub oA AX|E
subdir °f F-2Jstah):

o] =L AR Yo\ At o 2
T

remotes::install_github("wcraytor/earthUI", subdir = "pkg")

vProlog(4¥ A1), ARl v]2 Ae] 715 (0] =2 222 “Prolog HIAE 57 %
) £ vProlog 717, % A1) 9% U Prolog DAL ALET. ol el Hoz 7
Aol ol ™, earthUI = vProlog §lo|%= A& 11 AP E|™ Prolog 7|59 vProlog 7 & o U;H
7k 2] v A2 FEt) vProlog & A& r-universe AFAE Fo vl E W, Wlndows o}
macOS & AHH FE dio|u g S Algsith (Hupde =7 8ol e Qith):

rN l“N

install.packages("vProlog",
repos = c("https://wcraytor.r-universe.dev",
getOption("repos")))

A 2Hof| Prolog(SWI-Prolog 5) & ¥z A 7\] S O QL git}t Trealla A2 o] o 7] 2] Z}A|
o Aspelslo] Sof 9irt. of =Re] ula WE-L B= \Prolog §lo1E SATI.

1.6 AJZst7]
earthUT & A2l H:

1. $JollA Aget 2 CRAN oA Tj7]|A & x| gt

2. $& T2 7Y APFth R A earthUI::launch() = A FSAY, FHZ A
Rscript -e 'earthUI::launch()'E A9ttt S8 T2 O30 ¢ Hal@zo] I E
7878 oA -t Bk A oA http://localhost:7878 & A 1%01 S Q. (&
A REL T2 urA 02 AJZSH): launch_glmnet () = EZE 7879, launch_mgcv() &
ZE 7880 & A&ttt

3. fol=ulel | Aol d TEAES WEAL Atk A T2AE spEAL TAE o)F,
Purpose(General, For Appraisal, Market Area Analysis % ot4), ?12] (=7}, 5, 7F&H,
TA]), 287 AHH o2 2z do|g mYg-g do} TR AE] in/ U & BARiT},
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(=

1. 2 HoUA HOJelE AAL. 2 Aol Y ZEAE] sa/ Felo] = CSV D Bxcel
do] YdH. Finder U 472 24

-y Rt et il vl B R
A3,

6. Earth 7/l E AAATH — degree, nprune, F23 ZE
YL HFAZT — “Fit Earth Model” & 233}1 F = Lg<>ﬂ/\1 ﬂJJrE A th:}

8. YR — d|=ZHS Excel 2 YT AY, Quarto 2

BEO|AL) RCA B39 A A L EE Adat.

—TLH © 3 A3} 4 49 “Save current as default” L% %5]1 LZAES 8L E 7|2 ol =

=
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2 MLS 92 dlojg 97

REA AR U A 24 2 554 U dolHE ) B FEAL AR A48 (MLS,
Multiple Listing Service) WEW 7oA -2t} o] FoA&= 7|HE= ol FX2} earthUI 7}t

AT 4 9l A AT

2.1 o A =

earthUI = CSV ¢} Excel(.x1sx, .x1s) 42 W=t} 71H = AlHo € o] A
2 snake_case & H2RHHT} dE S0 “Living SqFt” = living_sqft =, “Contract Date”

of

o)
o]
=]
ct
]
)
le)
Id'
Q.
)
ct
(0]
Hu
»n
o
o
Mg
=
g
CD\-
rir
1))
)
'_l
l(D
o]
a1
|_l.
o)
[0]
!
jur}
I
2
2
o,
ox
=1
fol
n}
Sl
=
12
e
[ol
It
rx
i
2 21 |o

wheh AR (A 3 4 27 9 Ao} A 3x).
Hlole whele BB ¢ A g A, £4 shlbd g = ol 2ol Bl Hojof gtk uy
A ol wrEA] o mel o] glofof @t

1o

2.2 #74%7t REo] Hastt d

earthUI &= oJ® 4 T E F2SHAT, A4 - 87 241 ©F (RCA B4 + 7 A H]
W3HF) 2= MLS WHUW7Z|o o2 &0l & o o & 255
2 =589 8% |
' Sale Price | (®&EHy) mygolwkgRs~
Contract Date contract_date sale_age(7|+=YZHHO L) ALl AHE
Listing Date listing_date = DOM o] gl= o AleFLdx} ot DOM Alikel| AHg
Days on Market dom A s A AARE 2 R BEA]
Concessions concessions vl oF5]. AZAFE B X E oA Net SP = Sale Price
— Concessions
Living Area (SF) living_area | AlFHEY %A} (residual_sf, cqa_sf) AHE 7Hs
Lot Size lot_size A2 AF ] 2 F 0] "Site Size | Dimensions” 3of 7 ¢
Site Dimensions site_dimensions/ZiAE| R W F oA B 2] HA T} oA FA
Latitude latitude A58 Al zke] 2 9tE . - A A4} Location
1ol AR
Longitude longitude A AR A2 2 9k, 284 AANT Location
T1Eoll AR
Area ID area A AR H] L E O] Loc: Long | Lat | Area” 9jof ¢
Actual Age actual_age A AL Bl 2 O]” Actual Age | Effective Age” 3§l
=
Effective Age effective_age HEHAM|H| T A AA| A3} o7 F
Parcel Number (=) e At B W F 0] APN 3fof] EA|
Listing ID (8ls) A AL Bl O] APN o] A
Address display_only = 72 AFHIH| W E O] Address Jof] EA|. EF A= A
<]

IE
i
n

e Bl & L ofl

o F oo
O
2 1
COIN
wn
)—U
o
2

o rfr
oS,
ol
o4
Y
Q,
s
=
=)
N
N
iy
s
Bl
>
ri,
=
O
2
1
oft
2
N
J
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1. Sale Age — A°F wivj A3t AHG7} E= B4 9] 71EY Atolo] P4 of g sfjof AX of
mf o]FS AHET o, 9] 5 @& dE= 71Tt ol A= sale_age 7t 7 A Aol A
THA LS ot A9 Bk AA=E o] Tt Y S8 64 220 gloH earthUI
7} ot B & hEo] WA| Zot= A= ottt

2. Living Area — “Living Sqft”, “GLA” (% &7 W4) 5 o8 o|5o=2 Edt}. vjuj7t4
2 Aok E ool F adolt,

3. Total Bath Count — A, 4 £2] 1, A4t 4 9] 3 &4 B5F gt 4= o & S0l A
A &4 3 vhEA sk 2.5 7} Hr

4. Garage Bays =+ Garage Area — A3l 2} 7F <=

. Lot Size — H-54F0] EX] WA HE AFHEL ofo]

ot
(o]
XA
r rlr
[/
o
L

H oA 51| Location A S 2 Sttt

2.3 54 9 9 o

earthUl = @ o]go] oh]e} B4 53 AFo 22 A3tk MLS JEU7|A & olg2
st 2 Rolt Hu, a5 AL WS 74 E (A 6 ) A SHHE 54 492 Holst

Aol

& 5o MLS 7} 7 HA& “GLA”, “Living SqFt”, “liv_area”, “gross_living area” %
ol o]Fo =2 YHUHZE, 714 7] (21 g oA snake case 7} ) ©]F Special EFTH
oAl 1iving_area = A|Ao}7|F St Hrh, I3 earthUl = ¥l o] FosHA 1 E2
Al ST EG THaF At A AR H DR ol ARgR

2.4 Holg F23} &4

« A5 (NA): 54 2
WE A O & na.action & At na.fail & AAEH, NA A|7= earth() = o] & of A
Ehal=g

o YR & EH= R o] AT 5 = FAolofof gttt (of: 2025-06-15, 06/15/2025,
June 15, 2025). earthUI = #t2] 80% ©|/do] A%
Sttt & 2] Ax (<)l: 06/15/25) = 7HE 7 glsl e g2 < MLS YEU 7]
+ ZHIEA| A Eoh o] A2 ke Y 22 IR dropEoi i

o A 4 wjui7HE, 4 WA, B2 WA, g5 T
7|zt A g o] 2Rkt A 7HA S WEHTHE (of]: “$350,000” E4= “350.000,007), 7F
AR 7] Aol Aejsfior & 4= 3

« 83 G: A9 ID, ¥4, AH 22 HFY vige B 7Fse 9 1L
earthUI = 8%1& A5 AASHATF 742 A5 AREAF7F A7 o & Sl

ay
v
Ja
Bl
I
=)s
g
2
e
o>
2
%0,
rir
ot
rlo
I
o,
B
=2,
_>|~l_‘
il
o
Hu
2
N
i
K0

9: HH27] F oZW BO| T/F/NA 9L Slske), 7 4| /A3 /NA A4S He] .
AZgo] 30% & Y& de woR BAHEG NA 7 Be de ALsAL A2 el b
olEZ Rsts 2L wefst

2.5 O F-&4 P2 HiA]

g 7270 NA 2 e

Market Area Analysis oA = 1 Pof thif Fa54i-S F= Aol A" Algto|H, oj®
Y 2Abso 2 A R] k=t A o (E= oFE ofd ) S HotollA ALfstHd AF = 7t

Z2] dof 0 e FAY REAF "= Algstat
General REO|A= EHSE Y AH2|7F glom RE sjo] ==51A #HF=T}
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3 General £ &

3.1 78

General Purpose 2. E+= earthUIl & A3P30-2 <]
dlo]EAlef thisfA e st MARS 335} 2H]
@72 v|Sste] Wh Aole] B4R A FTE
=2 2 2 9}

Ceneral BEALE A Ho] 27 HEAT 7§ 7%
eI, Ao|SHl WA A8 s 7 g

S )

ot At AEA] o4 ol
gt} ot glolH, A& —I_v—@u, &t
st = ojd 317 EA & earthUI

I

flo rtz
H

=

O

ﬂ
) m
Q

ok

o N,

J::OH IH

filo
o
S~

T 4, sale age, £E WHEE RCA) &
o] A Eehe 5 ghastec

3.2 Ato|EH} A4 55

Ato|Ext= H2 7t miA %] golAl dE= RZ|E o] §lo] TrAE HAERE WHUZ|7E2] Qb
t}:

1. Project — 7|& Z2AES V=AY A Z2AE npfAlz A2 gh=th upgAE 85
A & BE A0 84 Z2AEY Y dS o] 2= 9

2|9t BE FEo] 7|5E= A5 A4, HE &9 &Y Y=z glth

2. Import Data — &4 TZ2AE 9] in/ ZoA CSV E+= Excel Y-S 112} Refresh
A= A Fre gdS 7‘*7] ol E2HE oA Ttk ALEZF o3 QI Excel ell= A|E A
717} UfE]r‘r_’fE’r. 4 ol A5 2 =2 snake_ case 2 HEHTY

3. Variable Configuration — S3 W A87| (b5 Zx2 ¥ X Y), 7|&<
Date), Z12] 31 Include, Factor, Linear, Latent &120] Ql= A S¥4 &, AHAIH W82 Al 6 &
2 Hzh

4. Earth Call Parameters — earth() &9 &= Q14 degree, penalty, nk, 7}A] %] 7]
U, AbH S 5. AA iR e A 7 S Bt

Execute Prolog Processmg 4 A1} 5 A Atolof Q= Aol HE I Qe A2, A
oA AE A Prolog 71'5& AX| %o HEA ”EHO]E} 15%< Kt

5. Fit Earth Model — = A& Q2 =23t B8-S v 57|40 2 Adct= HE. &9t 3
e ZpAIeE W-8-2 A 8 A= He

6. Download Estimated Target Variable(s) & Residuals — (3 H7} 4 A|F L&
o A= “Download Estimated Sale Prices & Residuals” 2= A Z0] %E}) |=2k, ZH2F, CQA H
T, g & 719 E Excel Y2 YWHEHTE A 9 & Hef

7-8. RCA Adjustments and Sales Grid — #ZAE7} & Hdgo|tt. A 10 A} A 11
o Eﬂ-

9. Generate Quarto Report — A4 2F23 Quarto R4 F-5 (.qmd Y&} 24 &
TRAES F¢ ZH| 7|F3th AP B7F BT} opd wi= WSV 7 o]t} A 12 2 Kt

10. Convert Quarto Report — Q9] 9] .qmd 1 d-& HTML, Word, PDF 2 @t gt}
Al 12 & Het

27}, % 9172 wow ol

=

N
N
o
&l
g
o)
3
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Data SR Ol 9] plelmo]. 7T BEOIAIE Hg A 0 o
oAk B e
Equation AetH Yy HAYAS LaTeX/MathJax 2 FA[SHH | ZF 712 o=} 71 A
5 Hof Frf
Summary F92 A X (R?, GRSq, GCV, RSS, CV R?) ¢} A& &,
Variable dESHT oL FAao] i aizel 9] &
Importance
Contribution g & 719k I8, EEtheolA g gE At d¥E ASHe=
Ao R o|HEF A2 2§ (degree > 2) 2 3 2 FAIEZet 514 1
Hog BAHH
Correlation o S AT S| ER.
Diagnostics Al 7FA] 19 ZE2F o) Ak, A Q-Q, AARE o =S4t
RCA (A H 7 A-g) vl wAr] AREe] Residual Adj %, Net Adj %, Gross Adj
Adjustments % ol A~E. 7 FA (Calculate RCA Adjustments) 7} =% Fof 2%
Ztt.
Residual Hogol Aol oF2 Aol o By s A9 AAA, E=AY
Contribution A H EA O] AR 7| E FATH (subsection 4.4 7@.'}_).
ANOVA 7k 7124 9] RSS 7| =& Ho| == ANOVA E35j E.
Earth Output 7R 21 7] GA AlE A B S EgHGH arth :ssummary() 9] YA HIAE S5,
3.4 A3 A&4
earthUl & Z2HEQ 8 &5 7|2 stof Z2HE to]HH| oA (regProj FE 9
projects.sqlite) o 4= AH F o2 A3t 741%}—3— HE $ojt. 3 49
“Save current as default” H E 8 HREHS 7EY, ASHs T4E Ao, 4 Ao HES
TAA

earth @& 7H¥ 2} Allowed Interactions S E-= At ZF HHES 247 it 744tz
A= gojzz) gtor], A2 Z-F AFsiA| gone A3y 7 2ghe
Al AR 5 ot e TRAE ] of g JJJr‘:’1 (2 Ald 22

FAE B, o] ZAE 2] ool OB regProj EHE 575k M oA
oo o A% g megi

3.5 tt3 Rt

Q£ 9] wAE 9] B/3 ofol e Zeelw YL elotel ol £e dnb} AekH). Hot AL
24 A3 zo] wkEo] Al4o] vHlolE 47 He,

3.6 =274 9 729 43

earthUI = =7} 7|8t 27 A A& 55 51111175101 =7, ”’Z‘} CSV 4] Th-& A gt A
™7 2fth 9] Settings(w4HH) ™lw

o <
A AT s A 8 e

. CSV FEA 03/ G/ALL HE (), HEE 257 7182 2 47 RE X%
= AREE ().

. A% 7T OHUE () Bl E ()

A U FEA AR (v=/I9F/DR), AR (FG/oldelol/ Q) gl (B
E/E%’fi/%%E/%IE 3 &/ A golt/g Ao}, B o]—E/\Eiﬁq (29]2).

« @& g4 — MM/DD/YYYY("|=), DD/MM/YYYY (¥ H52), YYYY-MM-DD(£
Al /2 Foty ot/ A= /7 L).

e 87 7] Letter(1]Z/AITH/HAT) Bl A4(T & BE 2] 9),



Valuation Engineer Journal - Al 1 @ - A 13 - 2026 @ o535 11

3.6.1 A =7}

CSV L&A | 2441 | A &2 g |2
291 TEA | A 4 ¢ ‘

n]=t JHYTt (esv) , . : MDY/YMD | Letter
G, ofdHE, © , . , DMY A4
=, wEHE

=9 o AEdgo}, : , . DMY A4

A7, g E,

olgrelof, 2xql,
EEE doh,

Hahd

TR EHE, A ; 7 (ZH) DMY Ad
F, w29o], FE

Hlo} o AE o}

Agds, A4 ; , (¥%) DMY/YMD A4
ECIES ; , ’ DMY Ad
S-=2tolut, 2 Aot ; : (&) DMY A4
=714 : , . DMY A4
AE ofghal=; , . , YMD A4
HA|F , . , DMY Letter
2| oo ; , (&) YMD Ad

3.6.2 &2 AA

37} 8] ole) o] Paper SEHHE (Lettor T A4) & 28 F748 0174 G WA 5
o]7] 2718 AFle % Qlck. 8V FRA, 254 715, WA 34 wAE Adg F7ke) AR
AR vt 271 S RE 2] AYols T kel JEgo 2 2]shc,

3.6.3 7|EZ A

Settings W7ol 4 Save & S olH 27 HA o] HH o2 AHAHL} o] 7| Egre ojH T2 AHAE
£ 9E o] RE Mo HgHrt. Z2HAEYH A (RS dSHs viEs) & 24
E glo]eHjo] Ao M2 A E W 27 7]EZke ARgat = SQLite HlO]EJH|O]|AE B E
L2AE AA FAHL}. o] F F F2E o8] yete] glo] TAE Rl e 22

o]
Aol & Zoltt. 7 25 2 =7HE 7124 ez A6

9. 18 3 7157 dol&9 =2 42 =2
ol v EE 231 (200.000), DHE+= S (200 000), &
ot 53t 7|18 BAER] =t earthUI = 3t S RB& 0|t
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4 Appraisal &=

Purpose & For Appraisal & AE5}H earthUl = T F5AF A H 7o gt AARE L4
etk Al 3 oA At BE 752 = AR 4 9loH, o] FolA= A8E7t 18 57

Abakgr chet.

4.1 B FE B A=
Z

7 REO A= HolHAlY 1 o] i FFito]al ymz] 2 RF Hw wjujAb ot
g oS T1of 5HA A3 sfoF vk (Al 2 & %i) N Fsqte] w742 B9 FAY o]
@S Yok HH, earthUI & A3 Al A5 22 NA & FHE3tc}.
7t 27] & Data ¥ & H&, = Subject Property(l 3) ¢} Comparable Sales(2 3
o]%) 2yt 1 P2 A Y A A A=, “Skipping row 1 (subject). Fitting on N
rows.” 2= gElo] o5 gQlef| Frh. A9t o= B2 i o] gk dSas s, &

1_,
o
1 ol

(o2

4.2 7147} Sale Age

Effective Date(7]%%) 48ighe BE 8% o] W4 74 o Uehe] (725 o5 1
zz}) A G718 ol gf ek B A9 AJAF B Ao 7| FAdo] it — ”ZﬂE /\]-ﬁﬂ Ao 71
B7} REQ A4 HEMolt), o]5 REo|A Special @ E2TH 0 R o]H UL contract_date
2 235, earthUI = sale_age &, = 7 wjuf o] AlFU} 7|12 Y Atolo] A4 42 At
. ©] °d°1 ‘WH ‘*Z‘} < E‘—bﬂ#i A5},

29 Fit & '<'1 m q e o}am ora %E}'

W7} BES A BEGAL W T4 EO] 7} oS WSniet Special SETHEo] LEhditt,
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=5 539 a3}
no 7125k — 58T A gl
contract_date @ 7|SFYUZHE sale_age & A5 Aot & &
listing_date dom €o| gl-& wj AFL}t o+ DOM AHl4tof| A&
dom AY s A4 o A A R EA
concessions ju FolE A, AjA| R EC] Net SP 54 (Sale Price — Conces-
sions) of] A&
Latitude U2 42 A AU WS ShuAe AT AN
Location “15°] AH&
longitude = 2 AR 2= vl s AR A A AR ] 3 O
Location “15°] AF&
area A A H] L E O] Loc: Long | Lat | Area” 3jof ¢
living_area W] S2olA AlFHEY X2} (residual _sf, cqa_sf)  AHE 75
ShA| oF
lot_size A2 A ] 2 Z 9] 7Site Size | Dimensions” of 7 ¢
site_dimensions ZEjAtel[H|w oA B2 HA T} obA FA
actual_age A A H] 2L 2 0]” Actual Age | Effective Age” 3ol <
ettective age | AUl LI AA] AT S T
display_only | WHU7[ofli= ZotERTE K Aol A= AlQlH= & (R A4 7Hs)
remarks (A<d4) A=2] Prolog HAZE 54 €& 7 240k A §AE B[4
S (o3 A1 7). 157 B2
list (d=d4) A94 Prolog @17} 9¥4-5t TRUE/FALSE €= Z¢ol= 4%
FE oA (43 A% ). 158 B
54 799 92 ot 5185t (display_only, remarks, list © 99]). o|H 54 §3
o wA o] Rofstl 3 A Dol AE 02 SAHL W o B Ao HolHl 24 G
2 o) 2L 22 mera A7} e
4.4 3 719 (39 54 F7%)
A A2 E7ell= UF E7 54 — 2 A9 wimfollvt e A 22 A — 2 RCA
Zba} Fof &3t} Residual Contribution §-2 23 o] A AREotA] ¢F-2 =l tiaf A
H ROl AE B Fadlgoes JAAA A 719 E S0 ofe & A9stH 2
gtoto] =Hotnz2 A2 AT He| A4 (of: outbuilding_sqft 2} pr_has_workshop) ©| &
B AL R] ¢Fal 71 E Uiro] 2t oX] Ed s T FEXE WA EH 7 22 7 )
jo] IS SA= A, A 42 @ 7o E Wtk HilE= FF 3= 1 5%
ot (TAR] FAA 7IE LR =t > 2). WEX7L G f v|REe] FEol= A EE A 0
2ol 252 &2 cavuTion ©] 2+, o] M2 W, 8%, §o AFdS ot 2@ o= A
Hu Ao & 4= QA gtk $H HEA AL AL Bgo] AA= AHERL oS HpRo|t
Aol A= ot A7 dA A A= F2 3 Ed 1= 5] TEE F=d, ZFo]

T 7HAE A A ¢3k7] Mz ol

4.5 RCA B 7/l

Calculate RCA Adjustments & Download HE (Ate|=Hl 7 A 7Y 7} o] A Xt
Sofgt FA]) 2 g Fs4t tiH] ZF vluAb o] A =& HAYA]E ALttt AA| RCA &Y
SE2 A 10 AolA Ayt

RCA HAX]E A4S Floli= Generate Sales Grid & Download HE (Ato]|=H} 8 4)
S AFRSE S QA At AAM R E B S22 A 11 Fof|A] At
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5 Market Area Analysis HE

Purpose Z Market Area Analysis & A8 earthUl = A7 R} FAt B5it A
S 7% (55 <, sale age, 33 H}i%‘) = AlEste, 29t FEits Brter| g Fait
s 2Aote o= Woks whEth

5.1 Appraisal 2 E29}9] z}o]

¢ S REG AT A B8 GAB) o0 2 0T BEL | HE Y g
2 A9ISHA] itk RE Wol EEHAL A A2 AglA Ml
0 L AU (5 dole ) B YT DS ALgoter.

« RCA 2 AFAHHIZE E ¢S — “Calculate RCA Adjustments & Download” £}
“Generate Sales Grid & Download” WA= AT A =Tt A RE+= H WA E B
o] ofet g A} S of YFetrt.

o Alo]lEHF HG — RCA o} AZAH| 2 E A7 L9 2 2 Generate Quarto Report &
o] 57}t 9 7} ofyet 7 o] "} (Convert Quarto Report A2 ZIthZ 10 o]},

)
N

>~l
#
ofx

g
=,

5.2 A1 REE £ 1
Market Area Analysis 2=+ o217t -2 720 A5ttt
. 713 A4 e metel] 919

7 3
1 o
o WA, Q3 B WA, 91X 2L WATE HEA AE vl ujeshA o] o dge Fi

H: &g 71 (sale age, FE U2 ) & A0 HAAT RCA B FY 523 -
olE gurEQl BEAt QM—E—&OﬂE 8o}t
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6 W A9

Ato]EHE 3 A — Variable Configuration — 2 o] Fo] R o] Fofstal 11 50| o2

TRl 8 Ho Folnt.

6.1 BE () ¥4

3 & AO] Target (response) variable(s) EETHol= Hlo|gHAlS] & Ho| UEHY. &
FHQ T vh-g o= & SHHE, 5§ Byl oY & AEdith ERRSE oF
A58 RRL earth(cbind(l, y2, ...) ~ ) B AHEso] BE WISHAE FAlo] g
A7k,

SEWSE AE G o ZU5 B4 AFo 49wt

2 EL

Variable d ol (Fd A% AA o]Fo] EHell FA|) I 1 9
X+ B2 (ofd) 22). 9Hs/AG REAE e
A w7 Rol B4 39e ol Zrt

Type 2= =52 numeric, integer, character,
logical, factor, Date, POSIXct

Include gelgh — o] d= B9 of| SR Eelein

Factor SRRl — o] &4 ':QZF o He2 Fgett

Linear gelgt — AY Fo =gt So7te s AR (717 o4
A=)

Latent SRRIFt — o] E3 Y olA 5] ARt (earth 2t
glmnetUI / mgevUI 2 WE W= Ho]E oA A <]),
AR 44 S o) g A St

Special EEre (HEB7H A Z44‘1) — okl B4 4 £ &A=

T/F/NA dutct Al 7He] 7H4: =292 TRUE/FALSE/NA, <22}
g2 #0/=0/NA. AZ3l0] 30% & gom wyhao 2

I 9o Y &2 2Fo]E Attt “Type = column data type, Inc = include as predictor,
Factor = treat as categorical, Linear = linear-only (no hinges), Special = column role (e.g.
contract__date).”

A A ATE WP 2 E5 o8 GO x B Y B MO BET T A
golelel ] 497 e A mPA Witk EZL 224 4 2 uilo] 92 thAl BAskic
Qo] |5t P A7 Giek.

6.3 A23 Aot AR

carthUL &= 74,07 A7o] ARFS AFO2 AART £74, A%, 1e), 29, Gt Go] Q14
ek Y pole B o (@e] 0% ol i B0 oA ) £ pave 2

st

Type SETHe-S B0} o @ 714 FihE APT 5
MR Factor 2HQ18H0] A5 02 HejHn, AR e v
wp4jo] erepact,

Qltt, d-& character Y} factor =
71 €9] earth() 5ol AEEHE=
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6.4 Factor ¥ Linear =31

o Factor — AEslH s o] Y W42 FFHry. A5 SAgko] ot} 0|44
) HHE YELY = style, area_id, grade 2= &l 24
T2 B Sl
+ Linear — Aeis}ul o o] 4o znt myo
So]z|#] 9=t} o]w HWZrl Bxmol olws] Ha Ao Q1SS ot Ao S8

o}

oF Al REo|A Special EFTH-2 T A& Algetet. 28 532 o o
= 9t} (display_only, remarks, list += 3 5|-8):
"Ax

« contract_date — sale_age At's Al4tS ZHetth. Ao G 42 vjujdy} 7|&d
Aol o] d4-5 Uetdl= A4 4= A

o listing date — FAIARl dom Fo] A2 2 A A =& 45 (DOM = AloFY

- 554Y) & Altete thA o2 AS-H

dom — A& & A4 ES A9t AgjArEH| L E 2] APN 93} Date of Sale s§of] &

Al T,

fham B o &.
= +9:

o concessions — HU} 5] (=Sl AR, w5l {1H F) E AR AAH
T A ju7FE S AAFSH= d] 221ttt Net SP = Sale Price — Concessions.

#2991 43

o latitude — YAS 7] Qloff gho] AAHs o= A3 A 2pe]7t2] v H E o). ShHAY
A A AL (WS Fsitoll A ZF vl w742 9] A ]) of] AFS-Ew A efAte]H] w79
Location 3§°f &<t}

o longitude — Yot L vHEH A& =t ZHA AT Location ZLEof AHE-
H}.

o area — W/ SRA Y E= Ao AHzto|tt, A AR H| W E ] “Loc: Long | Lat | Area”
Yol A &=, et oA Jlot

e living_area — W27 &YX AlFm EY 2} A4t (residual _sf, cqa_sf) & 7}
5oHA 2t

o lot_size — ATAHI R E Q] “Site Size | Dimensions” fof FIct.

o site_dimensions — @At H| L EOA FE2] WA} A FAtk (¢: “75x1207).

a9 73

o actual_age — ATPAIAIHI L E L] “Actual Age | Effective Age” fof It

. effective_age — A LENA U4 AT} @A Belck,

A 19:

e display_only — o B2 Excel WE 7]l 23E| 2|0t B3 Aol A= 5] A<
A}, 24 WE, MLS M5, 87 ID 5 oS820} ol o 5 2% Hlo|eo] A8
staf. ojel @ol o] 4L Relg # et

qiE 32 49 (283):

o remarks — A EH A Prolog A7 EA4 42 & BEAT AH HAE
public_remarks). Sid 7|'s= A NA A7 A7 +=
2 A48 % ol 154 e,

o list — 2 FAZ} ¥-3F <col>_<value> TRUE/FALSE 9& B3s A7 T8 A (.
existing_structures). o]&] €& AAY & ot 1532 Het
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ﬂ
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©

A
. 23

o wp (response weights
=

o Dol BE

gotet.

Zzx "of A}

e
7]

JolEAlo]l ot Excel R W7o LrERLEZ]

ol <
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)

A=
ID g

=
5| AleldH.

=
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7 WS A

Ato]EHE 4 A — Earth Call Parameters — 2 earth() &7 vt R E olfof A1
)7 Tk, 7wl jRsols EH Awol H@ mehal m4u ojol (2) of Stk sl pEaE

o 4] 519 Wz 24 5|of 9/},

7.1 7|1 & uj7jdHS

ol 7 R 4

subset

weights

wp

keepxy
trace
glm

degree

penalty

7.2 AZF GA

ol 7R 4

nk

thresh

minspan

endspan

newvar.penalty

)

%2
o

—_

3} 2=
%

ek

o Wel EA. ofel HEUY B
el %

A (38) 7S AE ' 4 A"
=2 4uk ya e

0% RE 20| wg 1A, WE
2 ey Bavuie 51 g
o] = tist Aot dd (712
&= 242 1.0).

X, v, subset, weights & 23 ZHA| ]
HES

43 229 51 42 (094 57}
1])

AElA GLM EX=: gaussian,
binomial, poisson.

o A4S 2E A4, degree S > 2
2 A%geln 2AAZo] AF o
HAZ] 1 Allowed Interactions S§EO]
Lebiet,

WEET GOV A, gho] 245

o gt o] s ojAley,

A

¥R 2171 A 2o & 4 A H
olelo] tigt WA gro =2 2tE A

ek (oke] <@ B A 2k &
%)
A2 S QA kol A2
Be gol sl
WS Afolo] 2 12, A3 gro
2 A% gdeh. o5 ¢S o34
S #d w5 42 e
2 242 — g el deold 47
A ) Az Ae]. B GOE AE
Q2 gt

W42 EeJshs o e 8
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7] 7123k A

fast.k 20 w2 MARS ga]SolA] 1=l
2 o] 4,

fast.beta 1 2 MARS 9] =3} Al5E Aolsh
o}

7.3 o5& B2AE
degree 7} 2 0102 AR 712 wiARS: ofefol] AEAE Bo] Lehyitt. o]
bt sbd o] Shelgto 2 o] 20j7l A4 Azfoltt. Shelero] Aol
o] o zr-go] 5|8 =1, sAstH 1 EA AeA-go] axHt
oEH% 0B () B & 2o]D) & 2Lyl 1 Wiso] BE FTAgo] B
ot 4©0] Allow All 7 Clear All ERIgh2 AT o] 5 A Fgheh. o] FHL2 1
AHGStER AT ESE Pt 2ol Eo] AL Helrh
AR g2 22 A7 X7tk “Interaction terms increase the risk of overfitting. Cross-
validation has been enabled (10-fold).”

AN

£ 9
rE

o rE  Hn rr
ot >4

o=

ok

e

7.4 7}AA]7

ufj 7 | 4 7125k v

pmethod backward 712 2] 7] ' backward, none,
exhaustive, forward, seqrep, cv.

nprune NULL YA A7 & o & 4. As A

= st B¢ 72

o} 7] ¥ < 7] 25k a7

nfold 10 ARG 2 (fold) o+ 0 22 A
gohd wApH Sl AXIH

ncross 20 WS B Sl

stratify AA 7t fo] B9t Hhg BEE Ak
5 BAEE BEe okt

degree 7 > 2 9 W ATAEOR QT FAFL B o Lgo] HES WAAF] 45O
2 A (nfold 7} 10 0.2 A €ch

7.6 FEAY 9HAY

subset B4 E Qeee ny Hgo] 48T B 2ol e R BAAE Wirh 5ALS MY
AHstAY (9: sale_age < 365 & area_id == 460) Build filter... HHECSZ A|Z}H o2

e & ot

Build Filter 3} A2} — “Build filter...” S S5t ¢t A tist Axj7t Gzt
Yol = @ EFTE, AR} (<, >, <=, >=, == 1=), g1 4 §-F°f W50l vty 7k o=
Atk Aol =2 dE= dRtol= G A 2t/ Q91 doll= Vg EFTHeo] A
h 2712 AND(&) == OR(|) 92%2 Astdc). stghe] njg| 277 B A7} dx]s)=
5 Ho] Fot. Apply € Z25tH B34 o] HAE QJgzhof A4t

i
i\_/
Mo

o2 OH F-(}i I“N

1ot O Y
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G & 55 EFA A as.Date("...") EE as.POSIXct("...") W E ArEsfoF T
}. Buﬂd Fﬂter 3} A2b= o] & AHs o2 A2ttt
R AEHP2 vgHo|nt. Ald Pk glolH Al Hot /1.0m Excel HEU7]ofA]
04]%& R

S U= dor Bogt AoVl QOoH A B/ CcE 4&B) | C

H: OR Z27A¢& o
= 17} ofd 2 glct.

A
B7hee], o]k ©

7.7 A% A g

carthUL i 4 9] F.0 94 ofefe] 4 2 AL ol BAgke Al 2ol 49| 4

(n) &t AHH of|SHE0] 5= (p) of et ghad o2 FA T, F42 Friedman 2] MARS =&

earth o] Y& & 8]E, 1811 FHA A FoAA Egﬂ%{r/} nk, minspan, endspan %]E—:.‘%f_’_
dlolE 7t AA1d o ¥ gte= “]‘34 ZHHX]Uﬂ FEoR WY 2 a2 HEHH

7.7.1 ZF A ojsRH
nk(7HA A7) A o & #):

nk = min(100, max(21, 2p+ 1, [n/10]))

n p=5 p=10

30 21 21

50 21 21
100 21 21
200 21 21
500 50 50
1000 100 100
1500 100 100

earth 2] 712291 min(200, max(20,2p)) + 1 < Hlo]E|Al 27|15 1&{5HA] kot & glo|HAl
ANAE AUAA Z& 4 1, A A7 RE 2HLE ZHs] SAl6l7] Mo AokS wHA
gt [n/10] ¥ HSA] 10 M e o 42 585kt ol ot BrotS w5y g B
=291 A HE ot} 4 6& 100 2 =%} xﬂﬂo ah=}
& o XA

g\l

a2 71w

minspan ("l T=E2] 42):

minspan = min(16, |5+ n/50])
endspan(H[°]E] FAZHE Q] 24 HEH] 52):

endspan = min(16, |5+ n/28])

n  minspan endspan

30 5 6
50 6 6
100 7 8
200 9 12
300 11 15

500 15 16
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n  minspan endspan

1500 16 16

earth 7} A5 A4Fot= minspan -2 Friedman 2] 4] 43 & AF&3Th: [ (— In(—1n0.95) + In(p -
n))/(2.51n2)]. ©]+= In(np) ol HlEst] AZE=E & Holg oA+ AU A =g A S7teteh
n=1500 VA o ~7 o]l 517 gfot §14; |z mutet o2 245 J1e] T2 O AAE ol
Sh=dl, ol YF ot A @AV =22 AgsHA wret. d4 342 & n oA ASHEsT
FHE oF 100 A2 BEUA, 4L 0 oI AL (1 AL olu] SE5 AZHUCDZ) curth
A% A4S T, endspan © minspan 2 9F7F 2 A ske] %7 WE2 F7bshm, o]
£ dlolg o] a7t ¢FE o (FEAtoAls &g dojt}) ko] Hrt.

penalty ("l54T GCV HH):

if degree > 1
penalty
if degree =1

I
—N—
N W

o] earth ZHA| 9] 7| Zgto|tt. 7 EEoll= 2, 4o 28 o= 3(H & FA T2 34l
Sh7] flef WA =Qnh.

newvar.penalty (A} 9|5 Qo tieh

B ASHFE0] AR A A
0.1. °o]= A% FAZE 4HE A A5 A2 So]7|H ofn]
St & HFA LI 2HE 24 : 5
T}. newvar.penalty = 0.1 ©|"H A Hy= t
4 10% © Aok gteh. 1 AT} FF Al FAA M= IFS F
= AAEHT) ASHF7E o 42 Tt ool ghEol Xt oS5 H
0 02 S} earth &= 0 ©] °Fd newvar.penalty &t AHl 715
A do] A=A earthUI 7} o] Y& v}t (0 &2

T &
jatal
>,

(o] :l>
I
>,
;l>
=i
R
rd
iy

2>

TR 2

i
rE
>
2
=

|r

o
filo

ol

<

o 1,
[o
rlr
S,

o
o

=

w2
i

o, B e, ofo

i
ot
=
)
et
ol
e
A
(e]
S
o
d
\
N
L

7.7.2 7HAA7] w7

pmethod: FAFE-2 backward ©|th. 7|24 GCV 7|8 3% 71X 2| 7|= AAEZZo]oj A T
< HlolE7F AAIG 22 B 4SS g A B o)EsA] gkt o= A, o A7
B7F Aol Fastth ov WHS 7HA 2] 710l RAbE S AR SRR A& o]E/]o] A0t

= A=
nprune: @472 HY F= A (NULL) °o|lth. GCV 7} 4 & & A= sHA 5t} nprune
< AXotH GOV 9] Tk FAlot= AR Agho] Fatgth,

7.7.3 XAHF wAHS

nfold( XA F & ) F& 7] #1038 Ak

0-299 )

300-399 6

400-499 7

500-599 8

600-699 9

700+ 10
Beto] WesE 7 Beto] o We HojH 2 shyEo] (WF] B 24A) AT, A
AAGOE FA T Bido] Fopdth. 9] Ei Eio| Aol thet HEAQ 10 £27HA B
Mo 2urhy 2t gy £l PR AEE 7)o FEG 27 (e 50 @ o)A £ 7
S otel, A EEAAL 5 BRI HBoRith e BEe|AE CVR? 237} o} 3
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L0 o yeross & %04 (ofl: 15-20) &4t
Shut ‘301’ wjutc} earth Z9to] A2 SFH o © 1}
HZ°|t}. pmethod = "baCkward” ANM= 1,7_“}7‘51%0] By Ao I 4 &2, A
CVR? & A4tolal @4t ngo] & s Algd #olrh,

ncross(WAAS FHE 314): B2 37] 70 A3k

0-199 20

200-399 16

400-699 12

700-1199 10

12002999 7

3000+ 5
grEe 28 7o) 22 B to] CVR? 5 QAT EEo] 245 o 7 Wlo] WA
ZRroRE oju] o R0l o] © Masit) whEE LAHFE] WAL B4 RelE

=qgct

7.7.4 24 2Y

varmod.method: EAZ2 Im © 2, Milborrow 2] 7|2 Zko|t}. & 17HS Y5 7hAsH
BAF mejolc (AHEE (8ol e WAREE FYHEE U Reol o 2 il
Ol oA 1m o] =Ho}A] X O™ rim ©|Y const(G=4t, 4 1) & A5t earth
Eortet (MG AFZE thEth). ©] 7]'5°l+= nfold > 1 ¥ ncross > 1 ©] A5},

7.7.5 Earth &2 ojd

A oto| A5t wjutc} earthUI = &2 &1 0f <filename>_earth_output_<timestamp>.txt &

1%, o ol ;%Vgﬁ%m%ﬁﬂcﬁwmwmm,iﬂﬂdw Yu, 74 2
17} Sof itk Mguict spelo] P BHSol A S FAL WaE 4 g 4] 7] %ol
.

|

7.8 AA 712%

4 4 Aol 2ir @ W Eo] of® 23S AALEA] Alofjttt:

« Use last settings for input file — ©] E% o}
it

« Use default settings — #|%}5]]

« Earth defaults — 2= o7

4 4 349 Save current as defaul
tions o] HAHATt 3 Ho & HE
IZZAE folgHo] o] ZZHEH &

4n
>
oo
B
N
oxl
N
e
N
N

R

‘l
et of

rlo

l_r]

18
il
N
)
i
o
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8 Earth 2% A9t

8.1 Fit HE

Ato]|EH} 5 dof= Fit Earth Model HE7 Random seed ¢ 30| O]‘:]' A=
=& iAds A 7Hes ek EEThRolA Hol Abeet /\]‘: d HE = %
Q—Q AE+E A% & Earth Output ol 7|5Eth. A9 Aof earthUI = ?-/}_ﬂ, S HE3it. %3—}_

=7} ﬁ‘éﬂlﬂoi Aofof SFAL ASH T} X4 She ZE ookttt A B/ A EEOﬂH
ARt

et B dol WhEH N, Z1ELT Ak (AH ) ZRH sale age 7F A4
8.2 A By 4 &9
Fit & 295H o5& 22 eH o7t Yetur of-2 J1 itk
o HEZF — “Fitting Earth Model” ¥} $H7 = &9 A3} gho|n, 7281 w4 FT-S FHA4
3]-5 Abort HE
o« FH 21— earth() 5] AT Y-S Hol = ATE 7S 1= HAE F
Hlol B Al AH, M7 oA A 4, wAHHS B, 4= A2
o M FH TIEE2 XEA, ﬂi}@%— =2 2T, @ e B
earthUl = callr::r_bg() & AHESt] B2 H|E7[H o= AA7|H, o]= A4S HE
O] R 2 A|AoA] Agsit. giof e da= A3 Tk 5§ T2 I30] vh-gA4dS FA| e
t}. 300 Y% 7H % T[T a7 Z2A A0 8L ¢lo] £ 2= S{HE A
A3to] U™ “Done in X.Xs” WA 2|7} eI o] &7] HE (X) o] F7tE]™ wj7
o] qAE]o] Axt go] Q| et 12d 4 A Het. o]F Hol=

o A2 A, e A4 g2 Sk gt
HZokd Fit MEo] 224 A2 BAZL Bk 9571 wAstd
EA|¥| 3 ggo] Lpepdet,

=do] B A B
F

WA A7} 24 210

8.3 A%t 21
RE A2 AFole Al &8 Sl 21 pd-& 7|53t
. = w: <datafile>_earth_log_< >.txt
1t o]&: <datafil _log_<YYYYMMDD_HHMMSS
o WS ERIARIT A9 o] BE S &9 81 QF HAA|
. 94 @4 meAEC] 23 24

: callr 7 AR = o] Q2] GO W earthUI = 7rAe 1Y BAE A 57] Ao R EHEoKt
H2 B callr & AR5t}



Valuation Engineer Journal - Al 1 @ - A 13 - 2026 @ o535 25

9 Hlolg W]

A3t & Ato]E=HE 6 A — General EE A= “Download Estimated Target Variable(s) &
Residuals”, 43 H 7} 9 A% B E o 4= “Download Estimated Sale Prices & Residuals” 2=
A Zoltt — & o &gt} Adk AH 7 D7 Excel Y-S Yttt o] 282 7 &HA| (RCA) ©
A g F54tel CQA(Condition-Quality-Appeal, FE-F2- A3 %) 552 Fo5t= o AHE:
At} 222 rosidual_sf S} cqa st 2 o] A HEALS] 2694 ofTle] FoltA
Dol o =82 Fo} R@e] Bd0] S RENES SARA0 Solslx] e 13 B4
2AGe] BT b e AR A B8 A7k Geslelol @t hed] ke tef 0 o
ofof 511, olehz ANFE S, 9% ANLE Sfrolo} Gt EAo| A LPM Fal = <re) o
e 29 ol B, P L FEL 9B ekt AolT} &R, AL, % 1l oo,
ols o QIR gujAH ARl gl di7l A&7t BRIk o]d o] dak& FAMH B
A 7 714 ol & AHste Rt ol A

HE glol52 § & REof et defxich:

o General/Market: Download Output (Excel)

o Appraisal: Download Intermediate Output (Excel)

e o]E P42 <datafile> modified <YYYYMMDD HHMMSS>.x1lsx ©|C}.

T off
Er

9.1 &9 ¥
S snie by @5l St
E 4
est_<target> Y d=3k o: est_sale_price(&FH 1 Ze])
residual AAGEANA AS3EE W gk (A 1 A)
cqa AH-F4-ASE HAE (AH 2 24, 19 0-10)
residual_sf g FA HHeR e gk (A-E F9, AFd 1 A
)
cqa_sf residual_sf =925 A4S CQA(&FH 2 Ze])
<variable>_contribution g I 7l G (a4 1 A, ¢ Enttr 9 @)
basis A 3o 7o 7. g BaitolA sttt (A4 1 3}
2])
calc_residual AAGEANA (AH + BE 7o) EW 3 — A58 &
(2 1 Ae))
4% BE RN BEUFY AL TR 9 _a> HulAp) Be
9.2 4 £A9 Excel §4]
&9 452 &9 gdo W AFKof th-3 A= 2t} residual_sf, cqa_sf, residual, cqa.
o] g5 B2 oy thAt B54r0] CQA oA ojt]of Eol=x] Hrlstr] 4t
o] &l Excel A} Al4]o] A&}
= SE |
residual_sf A}, A5HE 2 2] 12.34
cqa_sf =2 A4 2 28] 7.25
residual =2 A3 0 A8 15,200

cqa =2t A 2 A 6.80
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9.3 CQA A%
Z]
="

CQAWEH ZAATL) AL 7 o] AAE thE BE 7apel AFo] ¢95 w7tk od
o] CQA £ 18t 2L BT 9k A4S z2He 9] ulgo] 10 & F4 glolth. 1 A 0-10 &
T} grEolA|n] okt 2ol sjAslct:

. ¥2 CQA(~ 9-10) — 1 P54to] 29 alZmch 94 vlul Biek (2 o] w3

o Y& CQA(x 0-1) — 1 F-54T0] o S5ct Ay A Bch (2 0] 247}

o CQA ~ 5 — A7t A 42ke] 4k <A 3l

living_area | A=W cqa_sf 7} AIFHEY 2t AT 5L =& A5t

=

9.4 FAY O 74T P

A7 et A REO A= Bl WAL 3J°] residual_ sf LH% }’“ o7 AHH} ( 71 4
o] 2| A= 2] FUTHA residual 7]5). A F54H & (1 ) & 1 H Ao 22 o Zd
%]2] 9=t} General REALE o] Y £AHE my_qmq

o] JEL Wl Ao £ 9 AEI WA, HYHIAE A Tl NS v mAR R 7
A T ol M WA WA Folud i BEAre] Roid CQA F4vt 1 BE of
Hel Fol=x) ke 5 g @,

ol Hlolel 9] 2.9l 55L& predict() & £&5}7] Ao 8% Holelol FAHE. o W 1

A Z3E 291 #E2 7H] 2 NA A53e W

=2 calc_residual E-2 (‘ﬂ"%an Q2

2t 9] Qb A ) AAY residual I Zotof gttt Fo] A4
th2 oy A E wgh A4 A7) ok Soltt

9.5 mgcvUI A5 YR UY7|
degree 7} < 2 {1 Ago] A wuttt earthUl = A 23t AAE .rds YR ZZAHES &

g Zro] A% Attt ntd o] 28 <datafile> earthUI_result_<YYYYMMDD_HHMMSS>.rds
55“9. = e

o] 1} U-& earthUI T 7] A |
ﬂﬂ EEO] readRDS() & ¢]¢]

£ GAM 3239 284 es

@E‘r.

degree 7} 2 & H+ B2 mgevUI 7F A AS280 2| o2 AYHTL earthUl &
Trilogy = (Trilogy U I o]l A] AS)5tH F712 Lock Model Output Ao] A, E4 A
ol .rds € 1 dE5HF 714 2 37 CQA AT 7 glmnetUI 2 mgevUI 7t 7HA-& H &
earth Eﬁégi RAg= %E]-

O

tE]o] Q141 earthUI::launch_mgcv() 2 Al2Fol= mgev &
A 4= ot GAM FH-2 earth 239 w54 x|} 714 3
F&-5to] MARS ©llA] GAM 23t= mjI1gA dold 4 °‘71

B

S

=

9.6 glmnetUI 714 27]

GAM FE& $Jal AH AT T2 .rds ©tdS dtAE Yl 348 REZL 7HAE F
o} o] & ¥ A] earthUI {7 Ao EF = o] Q1S ™ earthUI::launch_glmnet() ©2 A]Z}
c}. glmnet -5 S8 T Z 7oA Section 2: Import from earthUI 2 ©|53t F Browse H
O =2 .rds H} % A e ghet,

i ok ¥,

glmnetUl = X5 earth: :model.matrix() WAlZ AFEQITE earth 2 2] 714 4= (]14],
ARG Mg }) 7} glmnet A4 §F o] do] At I12]H glmnet 2 ©] 717 EE s A
73t ﬂ:ﬂe ZJsto] efx /AetAE Yo7 Meistyl 43} o]& earth 9 -84 7]# 14

7} glmnet 9] qu—rr 5= Astsic}.
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9.6.1 F8 o]y

o A FFse BEAG: carth O WA N TG (39 G TF) 2 W 7|5HatA o
ol AU, ol W golut A el AW o]l glunet TR AT FE1

L ESa)

A HAGA: carth o UA] FHE W ASHSE AL EF ghnnet BF0] FH 2|4Y

oAl mAG

=)

9.6.3 XY 55
1. earthUI o[ A] earth -2 HA|ZITh (degree = 3 EITH.
2. .rds A3 Tgo] T2 A E O] £ Erof A5 A HT
3. glmnetUI ©|A4] Section 2: Import from earthUI & €1’ .rds TtY-& Zh=r},
4. F & 2O A Z-2 floly mpdyt T2 JHEA] o A0 =A] FRlght
5. 5 AoJA glmnet F{7HHSE LS (earthUI 7HA 2717 A2 =W 228 PE-2

Ao MBS
Fit Model = 223t} earth 714 €59| Equation, Coefficients, Contributions % ]|

Upepde
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10 RCA A4tat Y=gty]

/\]-O]EH]» 7 Aol et Y, A H 7 =
, Residual Constraint Approach)

Calculate RCA Adjustments & Download HELS
ToflA S AL Fellwt BRItk RCA(ZHAF Aok HEH
= oA At div] B uAREE A =& HAYR]E AL %iﬂr
10.1 RCA His} A= 47]

MES SEotd &S gL AL B s At duick

e Score type — CQA T+ CQA per SF _T_’J:':% gt e HE (SF A" 2=
living_area @o] A E 7Qolgt AF&3 4= 9lrh). “CQA per SF” & 129, At &
Sl Folet CQA Aol 275t 1 32k Hae 71 WAl sig CQA_SF A+

-85l residual sf & 5t ko] Ht.

. CQA value — ti4 2-5410] CQA 4= = (0.00-10.00). ©] HSE vl A &)
FA FEAA i F54to] ot —‘o‘omh_ HEAE vepdch

« Generate HE — RCA E8& A4I6to] Excel 2 Wel¥=th. fa3 J5E 495t
A7R2]= HEo] HIZAg AJHl ol

10.2 CQA H4 ®B7E

Generate & 285} earthUl &= H| WA S CQA/ZHAF o2 R e oy Fa4t
etk

0
2y
B
rulm
o7
)

1. HlAH 9] CQA A9t IS CQA L8x=2 2 A Eitt
2. A H7t (stats rapprox()) ©& 13 CQA S ZHate] -2 A7)
3. CQA per SF £ A}83l= A9 Al FHEG Zxto] At 54t 4 HAS Folo] &
Ziedta-d FJ%%E}
4. o Bs4tel 24 7HAE v} go] ALkRith: 2Y oS3k + B 7HA}
10.3 &9 ¢
RCA Excel Tt (<datafile>_adjusted_<YYYYMMDD_HHMMSS>.x1sx) ol = 7 &8 o
Hoff oo 2k

o
=

subject_value

A
Y A=5%k
subject_cqa At CQA A= (1 3wt
<variable>_adjustment A B340 7oA oA vl A Q] 71 =& M ZF (g
6]-/\1:13)
)=
residual_adjustment A FE5AES XPX]—Oﬂ/ﬂ H| WA o] a2 wh gt
net_adjustments RE BA=]9] 9 ( 71 + 75_};(]-)
gross_adjustments HE=E BHAZ Z\gﬁ%}'ﬂ ot
residual_pct W AR ool 7bA ] 2 2] g
net_adj_pet W) AFe] e} o] R o] g
gross_adj_pet w4 o7 che) 0] vlg
adjusted_sale_price H| WA ool 714 + B A
0y GEL 7 waaele] o) Bgo] 1 Aol 2t Wil Sloht ALAA|EAE oo 2
T} adjusted_sale_price & R4 E&H LE HAS X835 FHo| H| WA ujujrtAoz

olFA d2 B mimi7tAE2 W FeAtel F4 71| FHol| Rojof qirt.
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10.4 RCA Adjustments =

RCA &¢o] A4tEd F wd 9] RCA Adjustments ¥ o] H WAL A4H] Residual Adj %,
Net Adj %, Gross Adj % =X S|AETIFo] FA|Eo] (The HE RYoA= ZxHSmic) o

M) B2} duh} 58] el Qliex] AZ4HoR w2 sheld 4 gt

Hohge A5

rr

H: CQA 5.00 AL A F54F A} BE A}
© 5

o] W
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11 A A H 2 E

11.1 /oot B3

A A H| LR (Sales Comparison Grid) = RCA B X & A4t H A3 H7F BE (Ato]|=HE
8 ) oA AEE Excel BEEACI O 543 498 dmAte FEotE B G40
2 ygts] AAISHH, Excel g22]0] Zt v]wAt o] HAY 2| et B nfufr}AS 2502 ﬁ]/ﬁﬁﬁﬂ'-

o] = AABIIAY 2] oS 9fo] AAH . Earth RN =EH 34 7|9 2
x| 9t A4 HG7IAE CQA FHALE B B4t B4 il 4= Qe By 7Hee AS Avtsi.
22 119 0]22 SalesGrid_<YYYYMMDD HHMMSS>.x1sx ]E‘r.

11.2 H AR A9 =g

“Generate Sales Grid & Download” & S86tH 1E§He v WA E Adsts e gjst Azt
Sgich

. @ WA} )2 A E o] gk, ol %
H 2, sale age LEA (7HF 22 oo F )
+ 71 AR 1 ofefo] S| 2 A

7 w]-go] uju7}4 2] 25% n]gkel H] WA}
= JEE|o] v 30 1712 BAIHTH

lOHI

7] ope A gt F1Ae] 25% of
Apol At ol AT 5 Gl RSOt (T 50 7 EA|, FHA vl 254e 4).
. 2|t} 30 A9] WAL HEE 4 9lo0, A 10 A AES} BEelA (A2 v

A 3 A).
MRS Shgotd Aee vluAlEE FEA HE LEAeo R YR 0= /1 §ARSE Bl
AHEI7F A E 1 o] YrEpd T

7HA) d (HAF 5 7H)
gAY 5 AE | Label, Factual Value 1, Factual Value 2, Factual Value 3, Value Contribution |
(VC)
ZF vl AL Factual Value 1, Factual Value 2, Factual Value 3, Value Contribution (VC),
Adjustment

B2 QoA ofeflz Lt 2.
A — AE o]F (9: “Intermediate Sales Comparable Grid — Sheet 1 of 3”)

g — “Suluect” 5:7} 23E vHuA 4 W=

Address — F5AMO] A F

APN|hﬂs#|D0M|smanx—A*ﬂ@§;% ID, A =& 44, 18 A
A mg oz e o] shwAfel e (vhel)

Sales Price | Concess. | Net SP — "uj7}4, &Fs], 12]il <¢=vfjuj714 4=24]
Regression Features H2]Z 3

BASE VALUE — 2§ #H

Date of Sale | OffMkt | OnMkt — A9k, sale age, DOM

9. B2 3 (EﬁZﬂ—‘?‘—) — Location, Site Size, Age 1=

10. 23 Hey 3 — ‘ﬁ]z‘?ﬂ—’?‘]}ﬂr et A (Fe ¥ AlL)

11. ¥1 82 3

12. Residual Features H2]= 9

13. CQA|Residual — CQA 14*9—]' Fe 2z} 441

Ll

® N o o
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14, A} B4 & o]go] B @ AL e g v
15. Total VC / Net Adjustment

16. Net Adjustment %

17. Gross Adjustment %

18. Adjusted Sale Price — 2]

19. AZA g

11.4 ©juj7}A, Fs], Net SP
5 B ZF vl Ak o] tisl Al 74| gl Hof Frk:
« Sale Price — H|o]E|9] Q1= v WAL <] o714

o Concessions — concessions 2 Z|FH &o] g (XA R ko™ 0)
e Net SP — Excel +4]: Sale Price — Concessions

11.5 F& 3 (YA, A, 949)
£% B4 o] AAHo] 91 1 ¥AiSo] ngel] e, carthUl & B MAE 29T T
O 3o u .E_q
= o= -1

Loc: Long | Lat | Area — longitude, latitude, area & ©]= ofgte o] 91O H
Wbt 4 W% 2ttel AL, 2 71 21 (18 VO € @), T2l wlmakele] o
AL B (T A A% VO - HlaAe] 28 VO) & ol Zof Ve AL g ot
@4l WA 0= Tojaic

Site Size | Dimensions — lot_size U} site_dimensions 7} @of 1O Yehdrt -
ZE Location 153 Zt}h

Actual Age | Effective Age — actual_age U effective_age 7} ] 1.0 YeH

SR it
S o] 201 Wk ol o] AE BY M4 P AL=o] 1A FANA 5 At

rr

2.8 9 ofd] (28 o] $LoT BASE VALUE HH2 ofl) o= ¢e 1q ojZusuiet ¢ 94
g Hof Zr}.
B A sale) 44 (3 dolel g

11.7 CQA|Residual 2 Zz} E4 3

= =
CQA |Residual 32 7+ F-5419]

CQA 42 o] Z0] g @3 = obd] 24 4] H 2
57 ghe A} REE Pl 24g g Q. SAe ghedt gt

Remaining Residual = Total Residual — Z(Residual Feature VCs below)

71 ofefoll= FxF A o] St o]Fo] 82 5 /N A (Location, View/Appeal, Condition,
Quality, Other) 7} 11 3 6 Aolct. o] M52 4B/} Bo] Eaala] £at E40| 7
P\ ES RISh Ael Aolth, 2RI S A9 Yow Fe 1At 40 gro] AFe 2
Zol=r),

ZF BlaArE o] B dolle 440] 501 Atk g4 FE4te] 54 VC — BluA o] 54 VC.
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1.8 1% oe7} 54
Adjusted Sale Price J°ll+= Excel 5~2]°] &
o A B354 BASE VALUE £ E b2z :
e W el A R B AAgel 8 BN MR 64 A4S i g
o,
o HWAL: Net SP o], 2 H& 3
Ao g5 Y7t gt ol 3l
<Jo] ulAke] w7t o],

O o2
H1
i

11.9 NE B35t Hy 71 A

Z} A Ex= AT HolH7 Ae g £ EHE A2 97] 98] B3 Eo] Jlrh. Ho= thas H
}:

o WE A1 Al (Net SP, F-& 23}, BA 2], B4 wjuj714 &)

« B ]O]H Al (—rﬁ\_ UHUH7]-73 /\]-/“%}: Eoﬂoﬂ/l—] L}Q 7].j] ]0:11{)

o o]

25} o2l

Aol B (BA 7Hse) A w3 549 744 JloE Yok, = CQA[Residual 4 oFe)
oA B JAE st ASWolrt. o] AEL WA /P52 Lehl7] 91s) At i

11.10 Excel oA & t}77]
1. Excel BE S35 = AT TAE ng2 JdofA otd-& A
a

2. 3|9 BAAE AR nolH w2 BYAL 02l A An AA 9ck
3. RAHE WiRRITH— WA} S @ (A A) of e 1} grperol 754 (Location,
View, Condition, Quality 5) o A% =Alel theh Hehe QJeigieh. wpiaol ufet e

2 219 gro] Fol&t
4. B3 wjuj71A-& SRlgtt — 1*1} E4 2 dEstd o] 4]0 s o R A
5. 92 AE — HZAHE 3 1 @7 HEH%E"% A E AtolE A thysah ZF A E
dof| 22 i Faits T AR oE HwAe] 3 15 Hof Frt.

9: BEL G 237t 0o /IR g 0QA BAE SA Pl wjEsHE Aol o)k %
slaAtele] 37 25709 AA sfelst A ol S AHE 5 QoS Hel Zt
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12 H3A =7

RS ARl He BRuA AL F DA 9 Quarto 2Y SE°|tt. Generate Quarto
Report(#AH7F REA A= /\}O]E Fo A, 1 Qofl=7 ) 71 A ¢Ed BN F2& 7=
5t1l, Convert Quarto Report(10 @) 7} A& — = ThE o|H Quarto Tt 0|2 e — F
2 daoz g,

12.1 Generate Quarto Report

Generate Quarto Report 5 238o5}H T2 HE E2 Zr] o} <base>_qgmd/l| AHA| &+4
Quarto ol 715H . of7]o= gl A .qnd ¥E, o] BAHH H= 18 ZME (PNG
PDF), 214 dlo]&, 121 Word 32 A4] ntgo] So glt}. o] Aol AL o] o]
2 et F22 A HAT £ 913, Quarto include £ 539l tF2 Quarto Y21} At

T Qe U%, quarto preview 2 T H|Z|R7]E & £k Q)

E:
o}
1}
_/[\_

12.2 Convert Quarto Report

10 22 ohl Mely] (7]2gke @A) ZAEAA 7 o] A4 R0l AT o | . qua 3}
ARE LT 4 ) o B4 SdBE ATk

— - 1=

o« HTML — KaTeX 4] @l ®, WA o|u]x], 5XE 2F% .html T+, Flatly Bootstrap
g2}t Roboto Condensed =& AFE-SHCE.
« Word — 32} vjie] 2elel .docx T, Hxfet & o5 e, Al A4
915 AH8A A7 22 A4 TS A g
e« PDF — HAEBJ} £F9 &2 98l LualaTeX 22 ZoHETH &2 37| =24 AF4
(Letter == A4) & EPE‘:} o Fe 2 PES Qe 7EE U Ho|AE £ﬁ°‘°}uﬂ,~“&% ]
+ Roboto Condensed, 219l Latin Modern Math & A&-$tct. PDF A8 2]+= LaTeX
Hj Iz yto] ZH2]d wjoflgt A5t
Convert & 2ot g Y402 AFH}. ANYL wjel A Aegs|o], weF st
AL AT A Quarto A1 ABS Hol T FololE 8 B2 18e S fAgi
gmrH dHo] mtd A E I Fot
RE 2 (2y A dloly EE7], RCA AL, AAEH| 2 E A, HaA Ed) 2
Z}/—'—ﬁ E}O]/\Eﬂ 119]— 7314— A 7va} g7 &9 =g 9 <dataf11e>_earthu1_log.txt o 71%
o] 24| sid} A5 Hl A0

12.3 B4 &
A E BE B o2 FE°] B0 AUk
1. dlo]gAl A — #=32] 4, ZEHS ALLH o SHS HEY o=
2. By AA — degree, WAPHES o F, FOo] 4+ P =
3. o8 ASAE (degree > 2 Q1 AF-oT) — A2 BAZF Q= A52E g, 29 F4
A A A]o] ZEF=olXiTh
A3} @°F — R2, GRSq, GCV, RSS, 181 (ZxA50] AA Ichd) CV R2
23 944 — LaTeX ﬁ7]§ vebd ehAlel Barth 29 37
Aot 714 ¢ — BE T, 2 AS, 2931 IAES Fos)
# %RE 041;“?4;# 8% A%o) s T Lot 9] B
g I Ve — g S O RS G2 A O9, o|HH 4582 3 Y FA St
L A=
9. A4F PF — ASHS ATA o EH
10. Fg— 2k} of A3, Xé%’r Q-Q, AAIgL of 53k 11
11. ANOVA £3f| — 7+ 7]#] g2 RSS 7|0 g Ho| = &

® NSO
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12. Earth &3 — 7[X|x]7] @A AlF AEE ZAS earth: :summary () & YA HAE &

=
0 ¥ mRolAE 4.8 H3} 10 o] ZRASui FHE

=
|=]o] Qlojof St (¢l: tinytex::install_tinytex()), 1HA| &L O™ PDF 2lzho] mA%]

o,

g BIME quarto R W71 A 2} Quarto A7t B Q35ltt. PDF £39l&= LaTeX Bl ZHE A
4



Valuation Engineer Journal - Al 1 @ - A 13 - 2026 @ o535 35

13 TA4d 25: d2t2g Ui GAM

carthUT 71791 £ 7} 42 mEo] g7 AZAL} ShE glmet 7]9He] Aakiel vl
7

2elo] 1, the Shbe mgov 718H9] GAM 2Hlolt}, 247k o]#l £ Wi i=Fol 4 Zo] Tk
B2, o] oA TAE0] earthUl 2] B204 291G 918 A1A), Lel A 7] oj@7]

dsteAg a9 gt

13.1 9 X Aglr}?

7P AE2& W' A2 carth B0t} T4 g2 75 BAs7] ¢ =
AE dlojgol Aehd, HEH R O dixlo] A&t T di Faitel gt
F7421Q0 Aot earth 7|4 o] AehAg ¥l AF4 7 52

o ettt A WIMARY BE2 o ol oF g9 ZHg Rt Z|HiA] @Al At ole

o} 4% AFglA o] gl ol Holch. Hhoe AT} ojsiathr 1 Belx] A7 Ao] Hof,
izl Hloly 7=, 111%%1711 TR, e EW A E et ol vt E THERIY. o= B
5T carth BEHCH 90 Q7] 9], o5 B 71014, o= o 71| glo] A

13.2 AP JH FF
7t 2812 9z o] 24 Shiny 5§ 2ot}

o earthUI::launch_glmnet() — HoAH U 3§ =150 ZLE 7879.
e earthUI::launch_mgcv() — GAM o8 T2 IE 7880.

Al 88 ZRIRL BE 2L TRAE Eolof T2 A7 HOHMOILE YOBE carthUl
4 ol £ L AES DEAEL 2HHL & % oItk earthUT 7} 1 T2 A0 tis) A4}
Colg BE Z wg (BE) WA 129 ROA B HEA CQA fral 2, 74 B A4
W70 dolait). o] Y5S oAl 9AT WAt grt. wHo| 12E o] enE gL gro] A 4
o1— EC ] __‘_1:]-.

13.3 detaE Y 24

glmnet FE-2 earth 22| 7|# & — 32|, A5 %

S} e et A ) ek ool 4 AR AT (25 AT 74EA)
“glumetUl Z1A.2.71° 34%). 1 A= carth o] s 4 okt sekets] efnlsh Rfet

SR FAA, A B olx] Bote o A1t 2aAY AASEE ek AF YL o]
H 5 9] glmnetUI l‘E-E'u:g_ et

13.4 GAM FH

mgev FE2 Hitf] Wioko 2 7t} earth o] 7| A& AAMESH= AL, earth 2 o] WiEH A&
zﬂ*ﬂzi Afot /‘HE% A BEdS A (919 “mgevUI AHE WHW7]” Z}J—) GAM
< O st iy dd offiol A o FHE HAl =SSR, carth P o] A2 = wlotd
7]_ olyal A o7 Ea el Hito 1Q_]:]— degree 7} < 2 %l earth 2ol X LET}, 2pA|H L
42 o]’ 39| mgevUI =7 Het

13.5 /g“—'zl ZP?:] S=

1. earthUT oA T=£222 fj714] earth P& WA AL 71 thaeth. 439 A9
(degree < 2) it} HE0] AMES .rds 7} AFs o= YWHUZITH

2. #2 Z2AE Hisf glmnet I mgev FES EIL earth 2I-E 7HA<f 29271t o
Bioﬂ shtel FEink tp2al, 2ee o dely FHEL T4 TRAES T dYsin

2, o142l 5L o] opet xpoltt.

|E
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A,
l
_O|L
rlr
of
rO
=2,
H1
i,
_h;_l‘
N‘ﬂl
@
R:3
Sl
ol
=2
H
R

3. 24587 MEsle 7t 24 na e A
AE RHSoloF & o] Al gl

4. Al A7t B S AHE ffofgt ZF FEO R Fol7t Quarto HILAE A4Skt Zb |
He 24l o] A 01--‘4' 7HA] A2 2 A E 9] trilogy 7| &0l 55F5IEE, Al RA7}F 5
o] vl AHejo= FHHr,

i
4
HN
<
o)
ki
r>~
)
>
ot
o,
o

o 2E 23t RCA, AAH TR, RIAZ o]o]z=
carthUI x}xﬂ 49 322 BE ok AR oHe g4 HE*J ke A HE L A4
A2 ) 2 7540l & GRAY AR Hbo] Wath n) RES Fasat,

L
zi
L,
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14 ©|% f|o]EAl: Appraisal 1.csv

carthUI o= A7t 4 552 AW & 4 2= d2 MLS Holg4le] 5°] 3t Tz

FAorE 53 2ol 92t

_.LI_I

demo_file <- system.file("extdata", "Appraisal_l.csv", package = "earthUI")
df <- import_data(demo_file)

T Shiny $-& T2 004 o] dS TRAE] in/ ZEE BEASIAY (ZEAES T
= M 2= dlolH H}O]i dEox Fct) 2 A (Import Data) ol A A=t}

14.1 A9
o] mtdof= o] MLS WHEW7|olA Y2 =78 ufufAta] 1,501 A3t 1 §9] Ay it 1 4
(F 1,502 ) o] 5] Ut} HlolH = FeAit 7, A5, f7F hFet o 2|9 o=z o]Folx
Ao S=8 ofuf & reRdc

Az o] 7] x5kl QUtt. RE

o= AA] o] |7} op ARt B2 Aelmijote] AAH 2
Aot e AR A ARG
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14.2 ¥
2 R2q | =4 49
weight numeric — =] 7HE2] (0 = Aol A A <l)
id numeric display_only Y 9 FZE= ID
property__id numeric display__only MLS H-54F 22t
listing_id character | display only MLS 55 H3&
parcel_number character | display_only 7h¥] ZtAg7HE 2] S (APN)
street_ address character | display_only HEAF T4
city__name character | display_only LA
postal__code character | display_only SHHS
county__name character | display_ only 7+
contract__date Date contract__date ool Ak (sale_age A4
sale_age numeric — AL HE 7|7 9] A4 (]2 A4LE)
coe__date Date display__only oArag F2Y
listing_status character | display_only 5= AH (4 ”Sold”)
sale_ price numeric (EEHS) o7t — Hhg S
rent numeric — | ol‘:ﬂﬂ (s =8 238)
list__price numeric display__only = 714
original_list_ price | numeric display_ only Zﬂi 5E 714
living_sqft numeric living _area Z 74 44 (AF0E)
beds__total integer — HA 5
baths_ total numeric — ZF 8 5 (o 25 = FA 2 +dF 1)
lot_size numeric lot_ size B2 WA (AFHE)
area_ id integer area MLS A& A"z}
area__text character | display_only 29
age numeric actual_age BEA A9 (9)
year_ built integer display_only FE A
latitude numeric latitude e (RPEo 2 £ A 2 dh2d)
longitude numeric longitude BE (RPgor 443 AR 22 vhE)
latitude6 numeric display_only AA AUE Y=
longitude6 numeric display_ only A AL A
garage_spaces integer — At S F 4
fp__count integer — Hug
no_ of_stories numeric — =T
style character | — A5 g4
view character — 2% 59 (9: "Neighborhood”, "Hills”)
days_on_market | integer dom A eE A
listing_date Date listing_date =4
sale_concessions numeric concessions uj Q1 oF5]
14.3 A% W-E A&
1. earthUI & AYstt}: earthUI: 'launch()
2. A =2 AE uby /\]'Oﬂ A Purpose £ For Appraisal & sto] T2AEZS Tr=711
Appraisal_1.csv & X% o] mtd 2 HHE I}
3. 2 4 (Import Data) Oﬂ/ﬂ Appraisal 1.csv & AERIC}
4. E—ﬂi‘ﬂ—ri sale_price & ATE|gic}
5. 9] Ho] 12 02 B4 538 Pl
6. ASHFE LAtk sale_age, living_sqft, baths_total, lot_size, area_id(&
?_]_Q_E._), age, latitude, longitude, garage_spaces
7. degree & 1 & AA5}1 Fit Earth Model 2 233ttt
8 F7 2 AL (6 9A) CQA 92 AR
9. CQA @# ~5.00 &= RCA HAYZE ALkttt (7 &A)
10, ASAA RS AT (3 )
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o HE dolg A2 4o MLS HolHE 7H- 7] Al earthUI & EE 7152 AHE7| ¥
<= ol flofl AAIFE AEHSS2 Hi7ll R® 71 0.85 & He B3 o] doh
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15 434 7]5: Prolog §|AE FE&3 & 13

0.10.0 42 MLS HEW~7] 9] H%oﬂ A AE F - BOHOE “Public Remarks” &, 181
A S5 i SOl S1E FAE 0L 4N P 54 5% ol B B2 & 5 At
5@% zz—}“ e 2ol 7‘]"4‘)% A 7l5S =4} 5 AL Prolog, 53] &
4 B9 (DCG, Definite Clause Grammars) ©|t}. ] ‘ﬂ!iioﬂﬁ “move in ready”, “3
car garage” “owned solar” £ F-4-& AA|5t= 712]°] Prolog w1 11202 2 E o] it
o) /52 o} A Folt}. 05 Fae] HRAOR & Sk Atk W ABEE BHol

ofn] §-89 54 GEL QAT Teiv A4 MLS oiFe] ZA £ Hokel A Prolog, 15
A= DCG & 913 & 4 Slojof ge. 18 o] oheiel o] 42 B2 71 le] Hict. o
I Ao 77 glow, A GlolE earthUI o] U2l E3to] St

gats o] 7H&
%5401 ‘-"115 ey oo
of gt Prolog ¢ DCG ©f tigt AF z]2]o] " Q35}
7159l “}— de nE gigoly|o|1 HEE 4 Qth. BAVI AW AY EES 11
%itﬂi A5 Fot

3% EHe 9aEo] AR, AR 744
oA Al
ol

SJ5p7] Ao B 9 Eot
o

L l-N o,
ol

r
\.

EUSS S 01 s 741 7}11 5
Lol uu'as ey
o remarks ¥-2 Prolog DCG 22 H& 2450 —’,‘—%% _,/;jul—li]- Sk Aol EA Oﬂo] =13
Sofxieh. @ A g d o
g4, agent remark + ar_* @2 Y= 29|
. list & (Oﬂ ex1st1ng structures = "Shed, Workshop") = H-3F <col>_<value>
TRUE/FALSE €& Bt} o] BHO 23 R o|H Prolog 7} A8 Za §itt.

A ASEH= (inst/prolog/mls_remarks pl) A 22 E% Zﬂ—‘%—@_—. Z=Z35t
1-5 8919 condition_score & Zt= 54314 /8'141 71" Z2 —%ﬂilﬁl} Z }

T

E} 2] /\Vé, ﬁ‘r}f'c —’F, “40x50” 7*0 Zl—r"’ﬂ/ﬂ A71E ¢l
A, ALESHEA AALF), RV _,_74]—9]- By ejFge] AF
HZA (o] o] A- ZﬂJ‘ﬂJE k4t moh), oA At A
3H], B dlm = AEl, Mello-Roos), 4]
A

15.2 87 AF¥: SWI-Prolog 7} °t4z} vProlog(Trealla)

H| 2L 7 242 A 244 Y Trealla Prolog $171¢1 vProlog R ™ 7] 2] f]o| A AP Hrt.
o] f{7]Z]+= CRAN o] it} o] =& Y¢RE ] “ecarthUI ¢} vProlog A %] of -2 THE 2]
ZF9] r-universe g Ao A A Z]stet (Windows 2} macOS & A ® & Hio] g _/1:1:%
github.com/wcraytor/vProlog). A28 Prolog(SWI-Prolog 5) & AX Do % §l1 AHE
IS QT vPlog 7 00 U2 28 YL ST o415 A AR 11 B
Iz AsEct, =9n] ek vProlog_available () < 73} &7 A5 == FHol 25 Q&=
A 4 F
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15.3 &/dstet A3

1. Settings(EUYHHH]) € @1 Enable Prolog / list column processing & A3t}
o] EZ2 7|EAH o2 7 1!, “advanced feature — for users with Prolog expertise” 2t
= StHi7E Bof Qo Z2HEdR 7|51 T2AE HH 3} A2t TA|H

2. A ESHS FoA S E=2] Special G2 remarks U list = ARt (ZF Tof o
2 42 AFT 5 o).

3. Ato]EHES] 4 A} 5 A Atolof Q1= Execute Prolog Processing 42 AR&Stth, & o
AE Al-getct:

1. Expand lists & remarks — Z} remarks €¢f DC

o= Begtt. sake AEAoltt nhxu AW o] Fef 7 it A, Y Ho] BT
s 3 e Bl o] Mg AstEth A9 BAFo] P B4 AHS Kol Frb.

5
2. Execute derivation rules — 3= |
g A get (ofd) 2x). 2L A Ao T2 Axe) o

earthUI = dlo]g Putct 1 P2 dES cell(Name, Value) AP 2 ThHolgh F A&7}
derive(Col, Val) TF3 ¢ RE 3|& notct A= 2 co1 uict A| do] Hlo] I A HAg 2
Zhe Zhol Q™ EB 2 Ho| tiA] -2 & & Uk =%7] £°] (count_true/2, count_false/2,
count_true_prefix/2, cell_or/3, is_na/1) 7} ALt NA AHE A Y5t drop/1 AHAS
T2 A & 2 A & &9

/i Merge a collinear cluster of solar flags into one boolean.
derive(solar_any, B) :-

( cell(pr_has_solar, true)

; cell(pr_solar_owned, true)

; cell(pr_has_battery, true) ) -> B = true ; B = false.

/4 Count amentities instead of OR-ing them (numeric column).
derive(amenity_count, N) :- count_true_prefix(pr_has_, N).

% Threshold -> boolean, with a fallback clause.
derive(big_outbuilding, true) :- cell(pr_outbuilding_sqft, S), S >= 1000.
derive(big_outbuilding, false).

% Discard a rTaw granular column once consolidated.
drop(pr_price_solar_lease).

T2 ZRAERtY s Q= <project>_rules.pl Aol 50 21, F40] FHs| &
]

A A A ool A &5, Edit derivation rules.. & 59l Ato]EHl| =9 % Ql= T
Q= olF 7153t & MY o A HMH3E Check HES 1F21-& AdYstr] k1l A5 (£
= AAL AR HAY, 224 HlolE 1 dfof et o AsY).

15.5 #Ho] tiAZ &4 flojg nd

4
i
)
o
2
Ir
I
o
rin
>,
o
o
k
i
rg
olN
o3l
rid
n)
o
Al
[E
)
oo,
0,

o=
<original_name>_<YYMMDD_HHMMSS>.xlsx & 7|Z % o] T2 A E o] &4 flolg ntdo] H
ZRAEZS A 4H S dlolg7t A= Bz g
mgevUT 7 AHg3HE 2% e mpelojet, i vy g 7
L dEASE AF B grh BAE TR 24 ge

2] 3o 91 AR e FL Latent & EASHAY x & H|@A43}stat (A 6 ).
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15.6 = Qg HolAet 3 AF== oY

A mfolmetel e dF Al 8oz EYA Qth  execute_prolog_processing(df,
remarks_cols, list_cols, rules_text) 7} Zt TAIE X-&35}H, 0]= remarks_to_columns_(),
split_list_column_(), apply_user_rules_(), validate_rules_() ¢l Al ¥ A ot
inst/prolog/ °tefoll &7 A-8 &= Prolog Y22 mls_remarks.pl(DCG w1 54 HA),
mls_analyze.pl(¥% & 242 9T ot dEE &), mls_rules.pl(EE t1F A &
T Q= =] &9), 281 cllmate_regions_ca.pl(O]'EH #x) ol

15.7 T= Ad: 7|15 A9 AHAR
ojet g o] R AYA 752 folEIt ¢k EA, & vluAtE 2 Hofwt »dERLEA (0] E
HH SHA] Wi r)) slAEA o] AT & gl EAS &2t Al e R =90 &4 —

climate_region_for(), market_area_proflle(), climate_feature_ priors() — 7t =xg24
=9 912 (F2El + EA) § A Qllel AelEuiore) 2 of 71 e (221 % o)
AN 82 16 7} A5 1 FeAE dgHo Sore 2 o shbe BEsty, Aeue
HVAC 2 JH EA ( ]<>1;q7 za}/d LHB]—j] A1 _9,]—7]_111] of v}k z};q) of Tt A g3 7]
7HA] /\}147‘4_“%_‘2 531—-—\’4' Prolog ®& climate_regions_ca.pl = =& 713 QoA & & QL
% P PR T2 MU, 9% BE ool 4R R Lol 44T 42 o2g
% giek. o RS B4 B ﬂm 52 27 Ao By A AL ES o5 H
Ziolﬂr 21 8y (59l 0431 2ol A3 7}—rEH 73%) 2 AR B7AE AESHOF g

15.7.1 ZAZYoLE dol: B I AFA Y BE

e ELjok A ¥A) B0IR] @A oFt. carthUl = FA RO AEE T 900, 7%
AR A e B Mo A7AH R Slct, A Aol L2AE Axde] o1 8 Py
=4

O]

_l%

—1

sz FEd ARE, AA G| dold FHS W A & (A o), P4 T i,
APAAE) 24, shte] Wo| nate] , malo] ShE, Bl 210 ie St FAZ 7148 4
o} ofs} Wg ol 2L AFA Y BE Z2 o] go] B AFAA A olsis Ywake AR

ek g
7P R AT AABIA] YA A ol ok, el
AA 02 LLM ©) £8& Wol A45Hes A St Aol Prolog L2 ewi B4 o

oz dFLiEES PJEXJ,QE ngJ@o] olal & Ho] Qlrk o FAL AT AA| o
P’”EHE‘%OP AHA)) & 2t EASE A7|ukld], o] Claude 22 ;Eﬂxm A]ZPOﬂ ot Ho L
Me2 B Fae e 24 5 U7 st o7t YAH 2 &7l Aolt}, earthUI &= WO
22 H "eho] B Prolog 2 AASHH, -8 ASIste W vteA] 23y AS7] (A7)0, 28
%1_?4 X]-}_ ——,D—Z:,E Al Of”(_)g /1;_]6“ = _L]—BHO}: 0}-]:]- 031}01]/\-1 Z}}\—]Q EE _uHO _41:1;(_]0] éi']
AR 7|=Ae] AR}, YA}, Tel3 ogE 24 2 AUBE, Zol /H T77} oba}
A A= A7 1 A AE SEbgsh B 1t /\]--Q-‘H_ nﬂq.:/_aﬂ(_% %.L?—S] 0l8 3t 2= 9Jr}.

5> 1 rsL‘

O-r’

.| 0% |0

o AFRAQ Al o]dr). H|IE ot F ‘/}4 pr_* E1E derive/2 113
7 2 Fet 5, 58l 220 ¥ EHIE drop/t S22 WL, Tt
5 Zolt}t. o]gA St ASHS FEo] Folx|1 thEF AT

=

2
9 <
2]

1ok . Wl

¢

Friedman, Jerome H. (1991). “Multivariate Adaptive Regression Splines”. In: The Annals of
Statistics 19.1, pp. 1-141. DOL: 10.1214/a0s/1176347963.

Milborrow, Stephen (Oct. 1, 2024). earth: Multivariate Adaptive Regression Splines. R package.
URL: https://CRAN.R-project.org/package=earth.

— (n.d.[a]). Notes on the earth Package. URL: http://www.milbo.org/doc/earth-notes.pdf.
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glmnetUI: glmnet(Lasso ¥ Elastic Net) 7| X & $Igt
dield e olA (Rb=olH)

o] MR Qg A5o] £9-g wol Welaln BRI} AEGSUCH JRo] FrU
William Bert Craytor

A1 AT - 2026 ES
gl 2026 7€ 1Y
DOL: 10.67330/ja8s2k39
© 2026 William Bert Craytor. Published by Pacific Vista Net.
BA| A =Ro 2 Fejofole|H AU AZRFEA] 4.0 A 2o]4124(CC BY 4.0)9] 270 whz} v x
Huot,

—

o x5

2

rlo
re

2E. glmnetUIE= RO glmnet 7] AE $I5F 22 H AH82}F Q1 ¥ = o] A (graphical user inter-
face)©]™, glmnet< Lasso, % A|(ridge), AetAE Yl(elastic net) H 3 (penalty)= Sl A2t
(regularization) ¥ YWF3a} A3 LY (generalized linear model)& AT}, glmnetUlE= Al 714
|k Rt g o5 B3l B4t A7 AFA Y 24 (market-area analysis)—& A-5-5F
o Hlolg 7P 7], Y T4, WAHE S (cross-validation) g, A4 7 2 (coefficient path) 2t
Q, BIA W7 7E2] AFEAFE iRttt B =E-2 glmnetUIS] Hlo]E] F4] @7 1 st &
=2 39, 181 AA 75 JE AR 71eTh
719 E: Lasso, RA| 24, A28 Y, A2} 2], glmnet, R, LT AR} QI Ho] A~ B
SRR

e
ol
I

N
4
ot
o,

3ol F(20269 7Y): A4 2 A glmnetUIE earthUI(0.11.0 o] & B )0l FH= 9]
ow], R i=golq Auet Aekag Ul A¢ 58-S ol MARS ¥ GAM A4l 557
A7 earthUI7} A5ttt glmnetUli= 2| F HiZ1H(0.5.0) FEH = https://github.com/
wcraytor/glmnetUIO] A& F7HE o] Qlow, T /-2 earthUIO|A] o]ojXIth. & =7
B 2= AYEf 2] glmnetUTol| A-S%c}
27}
1 AE 3
L1 GARRFEIZE 3
1.1.1 Lasso . . . . o o e e 3
1.1.2 S AL A" Y L 4
1.1.3 glmnet TZVR] . L 4
1.1.4 MARS(earth) @ GAM(mgev)@e] HlXL . . . .. ... ... 4
115 B AATE 5
1.2 glmnetUTSF FSIQIZF2 o o o 5
1.3 Al 7FR] 8 B 6
1.4 BEAF AL 7% 6
L5 AIRFSEZ] o 7
2 MLS 49 dolg &4 8
2.1 T FAT LR 8
22 FAAFIF BT QI F L. 8
23 ES AW AR L 9
2.4 dole =AM A L. 9

2.5 WA SO AR L 9
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3 General Purpose 2 E 10
3.1 NG 10
3.1.1 Skip First Row . . . . . . . . . . e 10

3.1.2 BEWE AR 10

3.2 APIEBFZA BB 10
3.3 LBRAE 11
3.4 earthUIOA 7FH Q7] (A" AFRY) . . o o o o 11
35 FHE R 11
3.6 AR HE 12
3.7 T BT 12
3.8 AL AG A L 12
3.8.1 ZIEZF AR L 13

4 Appraisal 21 E 14
R = ) i = 14
4.2 Z1@4A e AT 14
43 EF G A . 14
4.4 RCA BA ZNK . . . 14

5 Market Area Analysis RE 15
5.1 Appraisal RELFO] ZFo] L 15
52 AZRESE W 15

6 W4 A 16
6.1 SIS 16
6.2 AW L 16
6.3 A= AR ARG .. 16
6.4 ZItH B AG . 16
6.5 S5 GG TR . 17

7 R4 A" 18
7.1 Alpha(ZT HF) L 18
7.2 Lambda KB . . 18
7.3 Family . . . . Lo 18
7.4 Standardize . . . . . .. e e e 19
75 FESAICE 19
76 SFLasso . . . o o 19
O N L 19
7.8 WIAE I L 19
7.9 FREINA AFFH(WSAE HE) L 20
T10 315 B 20
71 AR Z1EZE 20

8 19y A3 22
8.1 Fit HIE . . 22
82 AT Fo dojub=A 22

9 AN H 23
9.1 Data Preview . . . . . . . . e 23
9.2 Equation . . . . . . . e e e 23
9.3 Correlation . . . . . . . 23
9.4 Summary . . . . ... e 23
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10

11

12

9.5 Coeflicients . . . . . . . ...
9.6 Variable Importance . . . . ... ... ... ... .. ... ... .
9.7 Contributions . . . . . . .. ...
9.8 ANOVA . . . . e
9.9 Diagnostics . . . . . ...
9.10 Glmnet OQutput . . . . . . .. .. L
9.11 Report . . . . . . o

glolg W=

10.1 S8 G .,
10.2 CQA AL .

RCA Ata} ety

11.1 RCA SR G2 . ..
11.2 CQA 4 BZF
11.3 &8 A . ..

A A H 2 2

12.1 ¥ AH A" oisk A Ay L
12,2 ESFREA LA
123 ANE XSl 2V 0 .

13 HuA =7

131 F A Quarto A SF ...
13.2 HOA A
13.3 HIA WY& . . .

14 earthUI2}Ie] v

14.1 S8 ZFO] . .
14.2 FF 715 . .,
14.3 oL AL AA & Ay . . . .

15 9|A] glo]EJAl: Appraisal _1.csv

15.1 A
15.2 B

15.3 H& w2 A2}

16 A28 27N 24 42

16.1 AL Z=E

16.2 AR O1ZF QA&

16.3 ZHEZH FOARE ..

16.4 AAA 715 A& . . .

165 SA A . ..
Rk

1.1 ARe}E Hl 73

1.1.1 Lasso

26
26
26

27
27
27
27

28
28
28
28

29
29
29
29

31
31
31
31

32
32
32
32

Lasso(Least Absolute Shrinkage and Selection Operator)+= 1996 Robert Tibshirani7} A ¢t

sttt 11 o] 52 7h-Eol 9] &7} (lasso) 4okl e

2 gqeroz yd Ty
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o]t TibshiraniZ} ©] o|F& €3t A2, o] WHo] 22 = AFE “S7H = Yolxfjol”
AoiZtE Alekstal dR-E Ags| 002 S 2 olH ML Byo) S A& Ao}
ot}

Tibshirani®] <t HAA T H4 4ol L) B (penalty, A4 ARG &)< tldt= Aol
At AlTE 0 £o2 FA5HE 43 00 =26t = %= A 2] (ridge regression; Hoerl &
Kennard, 1970)9] Ly, @A} 2], L, HH2 B2 AL7t A<5] 00] EH= 34 (sparse) SIS T
=o] Wit} o] g& | Lasso= A7F8} (regularization) B Ol HA| FAJo] M4 AE] o] 7|

st

==

1.1.2 37 3|7 Aztag Yl

217 3] :H(ridge regression )= 19709 Arthur Hoerl®} Robert Kennard”7} A|QF5}Sit}. o] W&
Ly A AS A9 ?h)2 got] BE ASE HHA o2 545 BE A4S By 9A &
ot 52 = A eso] s 2 (teaAdA) bAoA 1S dedlol A= E=
c}.

datAE Yl (elastic net)= 20059 Hui Zou2} Trevor Hastie?} A|¢Het Ao =2 & HHS A
Sttt &8 B o7F 1 S 285k, a = 12 53 Lasso, o = 02 £&4°%F 3xjo|H, 1
Kolof e WFeke Zof. AehAE UL Lasso] BAE R AFHsSo] A2 2o
Ao o1& o Lassox= stHTt AEsty Y2 & FAlsh= o] 9= §HH, detaE Y2
AFPHR AmRSES § Fol 2.

1.1.3 glmnet 7|4

R 7] %] glmnetS 2RIH E the}il O] Jerome Friedman, Trevor Hastie, Robert TibshiraniZ} 7}
spelct. of wj7] 2= mi- &2 Q1 HHESH ) (coordinate descent) Fal 2] E-& ARESEo] AREa}
AP Y (generalized linear model)®l tHet AetAE Yl F3lE FHASIH (Friedman, Hastie,
and Tibshirani 2010), ©]% Cox HH YA XY (Simon et al. 2011)3% 2= AWt gy Ad
(Tay, Narasimhan, and Hastie 2023)= SH = it o] 7|2 = 7F¢-AIRH(AR), ol (= A~
g), ZokdS HIES o8] GLM AE2 ALt
glmet®] 9 7|52 th=3
o A3t 7 E(regularization path): HTtH(lambda) gLe] A} Ao diof gt o] A4t
O B AdetEr, ZF Hrntt} the Aetohs AKX wat
o W7 (cross-validation): cv.glmnet()©] k-3 WAHHSS ol A9 H+13} 7
£ Ao R Augit
o A5 A (coefficient bounds): 7N Aol thet Aottt olgt (F2 A|oh)&
o 23} Lasso(relaxed lasso): AEH HEHo =2 =
Shtol WaRg Eact

1.1.4 MARS(earth) ¥ GAM(mgcv)¥}9] v

earth ofZ2]7Alo] A} 11 & 7§e] T4 2] & (Post Processing Module, glmnet¥} mgev)< A2
2 ngst AAE AT e o 2 AjolE 2ok Aol
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igs glmnet (d=tAE 4l)  earth (MARS) mgcv (GAM)
Yy 79 A9 (“g+t=t 1239 278 A (A4 & | wiie: A (Ed
Eat) Bt )
LR R W o AF-g-ou 7] #] 2 l olg] 7|¥h uiE= 2t | vl (T, 3
d= AT 7 = A FE s A A 5= AE A
E
Wy A Ly ¥4 (Lasso) o= W | GCV 7kX[A]7]& B8t | o]F ¥ S4= A
% g M7/ GAA Z 2] Y (select=TRUE)
Agoz it
ATACES p oy A WA (S As] | ?1A] ZIRE E(SHA 7| ’IAE W (te O,
ol &) 5, 3A7HA] ti0))
34 7Hs7d A7t A 7ts2lo] | gt W 27 oY FEavt =
oz E Aol 4w | EAY RREaNE H | Ao= b A
o &
et A% U2k HlolE, M A | B weAkgo] | mj11e e Bl A,
g, ARE s A gt madel
RCA E7F e A B g-otrE T8 27 | FERWE S vijn
Ay 24 2 5HA
AT Aol nAAZE Pt GCV 7]8F 7H027] | REML/GCV F&1
e

MARS(Multivariate Adaptive Regression Splines, E}‘iﬂ%k A5 34 2E))= 19914
Jerome Friedman©| AFstH T MARSE 7] o max(0, 2 — k)2t 1 w5 91X E dlolg 27
B ALAH o7 MYlste] 272 A3 g2 LASHT R ——TLT_% Stephe MllborrowJ earth T

7] 1 ]E‘r MARS+ A}ﬁx}ﬂ w2 2] AR ol H|AE BA QL o ALS 2JE o7 ot
£ d sl 2o @A R R 71A B e ] e BEaw 54 A3

T

GAM(Generalized Additive Model, €3} 7]'341?_03) Hastie2} Tibshirani(1990)7]' A A1
skskgith R ?_] Simon Wood®] mgcvi= REML == GCVE 53 Aty 32k AH 7|55

A 3 Zekls Alg3tth. GAM /\]7}9}0}1 Agstrz]of 24 C’] e FEE
= ﬂ%"?—_l—% earthUT7} M5 YR& E mgevUIE WEWH, eartho| A =& ti50] GAM
o] £uhd S-S 5lo] MARSS A-24 uj5 vjx] <} GAMS’J 1182 =4S 2ot

i ol B j1°~
_llil F-{N'
2 ruE

i

1. earthUI= *]7“; o] Eﬂol Bl A Sa% W, vy UA|, R o8-8 AT carth]

2. H HHILEi i ‘34—% A3 mgevUIR % _1—1’_2}0}11} earthUT2] M58 mgevULR
2T ARl miee g o= Mg doid 4 Aot

3. &A1 ¥4 AE(Lasso)o] A T, *é%“ﬂdé 47t JEA] Aol T SHAY ol &

Hold off, T ol 73S Slo st 4 AE RS 9T ¢ glmnetULE AHS:

rulo

1.2 glmnetUIZ F3Q17}?

glmnetUI= R glmnet 7|2 S 95t 12T AF&4} elg o] ~oltt. 27 Shiny OH a7 o] A
o AYem 2%, A, AYE gtk RellA] AT 5 HolHA(CSV Et Excel)
7t e, RYgS A4 O}J_, t)slal o 2 Agaic)
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A W ET N EFOR glmnetUTE © oA Fx2 A5t 7] 7} ottt o
A earthUI o 7] 2] WHo] datAd Y T2 RE(Post Processing Module)Z 3L g% o]
earthUI::launch_glmnet () & 2 AJZ}3tct, of Zg]Alo] A AA|— 281 & =7 oA Aot=
E Y&+ Hgto] glom, Ax] Wia A3 Fut depgley. Al 9 (earth, glmnet, mgev)
2 she] Z2HE Ed, shto] A4 ol H|o] A, Sshte] 2| QlZetE A3ttt
o] efZ Ao A Hlolg 7FA 7], M4 A, B Ao, e 1, ¥F F8 5k, B 1
Al, 122 Word, PDF, HTML 4l = WeitZ 4= Ql= HilAo) o]2= 445 &Y 552
A5t
d=tAg Y 3= F 7] FE 719
o B2 3] (alpha = 0): ZE= AFE 0
ol & o Aetstiet
o Lasso 3|f](alpha = 1): Al+E H=s] 0
o ©@eotal sfAS] 4 Y-S RHET
o AetA¥ YI(0 < alpha < 1):

o,

1.3 Al 714 §& BE
E olmnetUl Z2HE= A4 A| 5= G5 (purpose) S 2= (Al1E, Project). 84 &
ZAEQ grof wal ofH E7e} Qg H oA Q4T YEIE X7 ZAEER o2 BEg 2]
Stejd offd 828 7H TRAES N2 gAY dojof gttt Al 714 RE= o33 2.
o General(§-&) — 2= 7§39 BytolL} dlo]gAlof tigt dAetAE Ul 3lfolt}. 7|2
Reolm, H|¢l 3} 7|5 glo] Atel 219 A g2 A-ggtrt.

o For Appraisal(F8E718) — F-&4 QB 710 9 detag ol 3ot i 75
A AE B d A, ZH2F Aok 2 (Residual Constraint Approach, RCA) & © ¢

B354 Zrto) E3Hd 7)15-& UKt
o Market Area Analysis(A A9 B4) —
RolE A o) BEAF ek BAGHE 7158 Skl oA W(subject row) A191%
gz o g 27t}
Al BE oA 4] mygs} qlzd
L Aolr}. 8% AFL ofH 27

K
o1l

1.4 754 A8 7ls

For Appraisal =+ Market Area AnalysisE AE5}H glmnetUl= F-54F B4 flof 4
AE o8 7= &4t
« EF 7] 4 (special column designations) — Zt 44 ¥ 4=¢]| contract_date,
dom, concessions, latitude, longitude, living_area, lot_size, actual_age,
effective_age, area, site_dimensions, display_onlyﬂ' Ze EL 9FS AT 5
ATt o] Aol whet At &8 wpAofl A sl Gol ofBA A=A 7t A
. SEo Axo| Wed - YE B Anw ARE 9L A% u) ) AFow 44
A AR A7) e R,
o Sale Age € — o|H &¥9| contract_dateZ A L1 7| (Effective Date)©] F-0]%]
H glmnetUI= sale_age & (L} 7= Atol9] A4S ALtsto] Auis=2 A
=Qlate,
. RCA ARAARA RE 88) — 4487} REAE 59 A% F ghunetUI7} 17
Ak A (Residual Constraint Approach, RCA) &8-& A4t 4= ?lom o]= At
BAR, %)% BA 4ok 12l o REAte] R ufuirlAL 4

o
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89Y: General £ REE 3
Sl g mEL REA ARAE 98 el A5

JolEl el A Htt. M

1.5 Al&}st7]
glmnetULE AH8-0F2] W th3a} Zo] ghe},

1.

© © N

RO A] earthUIE A |3t} install.packages("earthUI") — glmnet FE O] &7 3
StElo] it (i WA A8 A g 4o HisfA= o] 2 earthUI =% “Installing
earthUI and vProlog” A& 3% 0]'3]')

=g Aol AL A oyoh’/]-. Roﬂﬁ‘] earthUI::launch_glmnet ()& A3Y3tr}. 42 A Hat

IS

22 0] 7879 LEO|A ATt Hehe A oA http://localhost:787982 A H&d
& it e Ao -85t 8 BES F|olste] AF o Bt

Aol E=dt Al1dofA Z2AES AASHAL At T2AELE L 9F 2 A|(=7} F,
7HEE, A)E AAste /S U E sk BRAEE SR regbroj FE of
afoll AR FA U carthUl % megevUI9} BT T BEE 7171 2 AES o
= Ao] HEE A3l Wrolt,.

JP

- A28 A ZrAE ] 9 EH Q= CSV E= Excel S AESto] Hlo]HE

7tA&t. o Erjof = %]u% 1?33 H RefreshE = 1 =5EZ 7341

earthUIO| A 7tA © 7] (A 9 AFg) — Al3E | A carthUl A3t .rds Y-S 7hA 9
earth®] ?12] 712 &4E glmnet 2] FF2tet @7 AFHES 4 QUth. earthUI 237} GlotH
o] WAL AL

A58 2ATT - BEuse AYNSE 12T, 42YT /|0 £3E 4ge, B
et 54 4 S A4

glmnet 255 AASHt — alpha, lambda, family, —ri Aok woA-g 9 7|EF 34,
23& HAITt — “Fit Glmnet Model = T::_La st 5= o doflA A5 HEST

I, A

. WEWYZ] — &3S Excel2 WEH ALY, Quarto EJ_HE AA-Hget ALY, (Bt

R Eo|X{=) RCA HAGX|F A A= n3E (Sales Comparison Grid)E A4ttt

Bye vere Aol 2 AAid] AFoR HEH ] UG U2 AL b B of B
A}
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2 MLS 92 dlojg 97

A A B AR Y TE0IA 94 HolHe iAo s b WlE gl AHlx
(Multiple Listing Service, MLS) WHEW7] mpdo|A 2. o] FoHE 7|t=& ot 329}

o
glmnetUZ7}F AR & e d< A

2.1 o FAH 7=

glmnetUI'= CSVe} Excel(.xlsx, .xls) Y2 W=ttt 71427 Al € o]&F2 A52
2 snake_case® HEHTH A& 50°] “Living SqFt"= living_sqft=, “Contract Date’=
contract_date®, “Sale Price”= sale_price=® HFHT} o] A3} gEo 2¢] 55 Fgtof A
g 27t dEEA §A "o 7EH 710 AR E= CSV 22} A4 7S s =AY A4l
wret A HTHAI3Y “Locale & Regional Settings” FHX).

tlolg mtd-2 BEA 9 A ot &, &4 sty of d= A9 E PPt Zojof gt mh 9
R ol wreA| oA vel 2ol Qlofof i,

Q.

2.2 #4497 HEo] Bast g

glmnetUli= o] & o H = SASHATE, bt g7t 2F9] 52 ldiAe = Es°

ol o] £t}

& =s49 | 8%

Sale Price (EFEHSF) oo vk

Contract Date contract_date sale_age(7|=¥=FHO| d) A4t AR
Listing Date listing_date = DOM €o] gl wf A3} 74 DOM AAtol| A&
Days on Market dom A s Ao HEU 7] opdof A

Concessions concessions ooy QFs]; <sujulj 7} = ofjuj7bA — QFs]

Living Area (SF) living_area | AlFTEY 2} (residual_sf, cqa_sf) A& 7Hs
Lot Size lot_size 2] 2 g

Site Dimensions site_dimensionsfX| 122} $HA HY

Latitude latitude A AR 2] dhed

Longitude longitude 2 Al 2he] vhE

Area ID area A2 /2 At

Actual Age actual_age B3AL AA A9

Effective Age effective_age F&Ar 8 A9

Address display_only | WHUW7|oll= FA|otE] ol A= A<

AZYEAEY G o] B 9)FolofE Pusitk R Lz Igo] SHsh A
[ Wolc}, 71 elefi ofxl & o] 5o 8l9nd, 1e)

“E4= o] 24t Jo] & Ho] 9] , LAl A
AH7HE sk 4 9 BuAd I depdh

RE do] Wit ohth. glmnetUlE Aol 24 H-gghtt—old do] glow o] tf-§5t
£ 7)ol ©9ed] b oyt B5at 74 BgolA 8 vHse ARES Jodd o 9
ol Fds BgdEn

B 9] 7|FY Ato]o] d4=oltt,
+ 7|7ro]2tA sale_age”} ool

N

V2 2AoIH FAH g o 297} e,
2. Living Area(F7%H %) — “Living Sqft”, “GLA”(ZF FAHA) 52k B3t} o] 9
Al w7t o] 5 A e lo]ot.
3. Total Bath Count(F &4 ) — A8 1/4,1/2, 3/4 84S BL5F &35t o]t} & &
[e]

584
o] Mg 84 F Jjot yad shibt 257} ek,
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©

4. Garage Bays(*}1l It 7)) = Garage Area(*1 WA) — 2ol F2} 3719
221 AR (AFHE).

5. Lot Size(t|A] 12) — 541 Ex] Azog HE AJuEL ofo]# T9|o]

6. Longitude, Latitude, 18|11 7}F55tttH Area ID. ©] §*] 452 o] 2|84 7}t
2 W52 Htdste s Fth

23 B4 4 9% 74

glmnetUl= & ©o]5°] otYe} &4 53 A A (special type designation) 2 &5 A'H3tr}
MLS WHEW7] mtdoA & o] 52 ot dE 8ok &, 393 A2 HE: AT (A6
A 2ME B4 538 AakE Ao|

dlE o] AFHEALS] MLSE FAHA -2 “GLA”, “Living SqFt”, “liv_area”, “gross_ living area”
Soz YR £ ot 7FH 7o ]EH snake_case= HFHT}H Fof Special &5 TF-#°l A
living_area® A|A5H7|W ot Hoh I3 glmnetUl= Y& o] 53 B304 1 €& Al 4T
E 2t Aol A&ttt

2.4 flojg F43} A4

 BRUNAY JYAGL S o N7} e B 4T Ul Ao AL
PO QA3 Aok B 48 .00 A 45w sag. U Al
O

« A% @ UHUH7P7—3., 1%71 A4, oiA] R, Fe] S B2 FES E‘_E/\]
o MLS7} 58t 7ot A &9 27|57 29
£ “350.000,00”) 7F4.2.7] Aol HesloF & 4= et

. 22§ 4. @AE TRUE/FALSE, R 8¢(factor) ¥ 252
EP—@?%‘:‘” o ol52 aglony ohE 4 9] HRolth 4419 :
A Holf A FE)2 Factor A|ZHAE AT wfofrt gQlo] Htt. glmnetUl=
of g Bl Eﬂ HFgolat Feald gonz bath_count Z-2 o4k 2] A

F= 959 Y=t Special 982 Q91 o Fot= st

Agololor

=4

[o

2.5 W B9 AA

Appraisal(ZI74 871 REA= 1380] HIEA] i FF4tolojof gttt ymz] 9§ BT HW
AAre ottt 32 2o AetolA AlLlHETh A Fole B2 oAt dYofl et A5wt=
XA sHL}
Market Area Analysis(A]7%2 10—1 24 RE A= tid= 13 7= Aol AY Aol
General(H-8) HEo= SEI 3 A7} Qlok—R = 3] 5
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3 General Purpose *.E

3.1 78

General Purpose('H-8) L E+= glmnetUIE APPS o] 7|2 3koct.

=17] gr ojw Holelsle] thA A Aug det e U 517 249 522 ATarh Bt d
S}
=

B, A5 24, 3o A7, B ofE 217 £A°1% glmnetULE AHEE 4 2ot
General EEOﬂ L REg g I)s (57 &, viv] By, 2H3E 9E 3, RCA)o] IE H|o]
2ol A AefEIth, Afo]Ent= W ﬁ ], w4, 2E AR, WREWI) o S et s (hAstE

o}

3.1.1 Skip First Row

General = Market ZT2AE7} d QoW A=

A ZerA7F UeRd o] & gt 13]0] o Ao A AlLlE T 1380 Rl FF= Fo1A
Lot 5l At BEAU 71E BE27F Eo] 92 o) §-85tth Appraisal BEO| A= 18] (chAt
HE&) | 4 sz Ao

3.1.2 &9 4A

ARAEES A, BY RS, L8R8 YU T £ 2o gl g AgEd,
General, Appraisal, Market RES Q7tEgte 2t REO] AAL =X o7 {2},

3.2 Ato|EH} A4 55

Aol=Hts W5l oA ol AER 4ol ZEAE 4aREl B4 izl A8
A4 Qs dhel B8 89 TEAS] el gofcr ol 3 42 x2 A= §

o] WebAE el 29 2ot 24 2Ry tEEng Wro 59 B qud
2 gk

1 Project — BRASE AHSAY Ack. SRAEs Suet A9 AN 7, A2,
A, 193 4F (<os>_in/) ¥ &Y E¢|E A% ZRAEE S’%HL regProj FE(7]
Bar ~/regProj, REGPROJ_ROOT &4 W42 WA 7}L) ofefof] A= FA HQI earthUI E
mgevUISt S5 B2 A o] o] Lehs] L‘—O]E]' 35 ™ Close ProjectE &3 3t

2. Import Data — &4 T2 AE ] Qg Zo|A CSV = Excel T+Y-S A gt}
Finder/ 241712 £U] 0% 9& ¥ Refresh® ) 358 208t AE7} oief Al
Excel T}2l2 A|E Aei7]7} uﬂa}w . g o]2L8 A%E0F gnake caseR HAZHTEH

3. Import from earthUI (optional) — earthUI AT} .rds Y-S 7FA Q) earth®] %]
714 4-E glmnet o] AetAE U AHatel @A ALgRith. ZropHy] HEZ A24 0] ol A
7)o Z2 Befo s FuA Qlrt. o] A= AY Aol & earthUI A7} gl Y
At

4. Variable Configuration — =X ¥ A8 7] Include, Factor, Force A|=Z8FA 2} Sign
CETHo] Qe Ay 2. A9k, 3 58 A4 Sk= Special E-2 Appraisal @ Market &
oA gt vrepdth ZpAlRE W-8-2 A6 Y= x5kt

5. glmnet Call Parameters — 23 G4 ZA|: alpha, lambda, family, standardize, F 3
Aok, &3} lasso, P AlE, 28 PF, 2|3 A5 E4(lambda.min.ratio, nlambda, CV
&4 28, 59 %W]%I, o ¥HE Sl AR, AA B xR vl

6. Fit Glmnet Model — 232 Adsl= HEo|t}, A= @ 22 wiof YedTt

7. Download Output — 9|Z3%}, ZtxF, CQA 4, H4E 7|0 & Excel Y2 T2 A

o 22 Eojo] uyt Rl AgET HE RE §% REOA LSS 4 U

8. Calculate RCA Adjustments & Download — Z} H|i Ao tfgt ¥ RCA H
A2 5 AL CQAE 53l thAre] #HAHE B 7HSke}, Appraisal 2 Market =0 A 23} o] &
oat ekt A1AE st

JZ

rUF;lml
r

Ol
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9. Generate Sales Grid & Download — & 2% H|- &2 H| I A& &Skt 57 o
Aol A=A H] 2 E (Sales Comparison Grid)& A2t Appraisal ZEoA RCA EA X7}
ALt Follwt Yepdth Al124-2 Z=xs5ket

10. Generate Quarto Report — 2= T3} 5 IS 217|424 Quarto(.qmd) &
74 Hag maAEe] 29 Erjo] /ST Rdo] A= Y ALBE 3 Aok

11. Convert Quarto Report — 4% .qmd S HTML, Word, PDF& @t &gttt
PDFol= LaTeX A2|7} B QstH, A2|7F FR =] ¢FoH PDF 42 A 134 &
zo}et.

Market % General REo|A= ZHH7E -8 dASC] 5AA AYHAAL F 7)o HilA
A WSt 0 9HA| thA] sfA X T

o

3.3 ZT2AHE

thUI % mgCVUI7}

glmnetUl= Y& 375+ regProj FE art AH-& s
DI2AEE= 2 EH(<os>_in)ot AZH =8 ZH ()

o
Ed) o] Z2AER 2AT} 7}

<os>_out_glmnet)E 2=

SeAES AW AL + New..E 2ol 0182 lejsit

o Purpose(&) — General, Appraisal, Market Area % o}Lf.

 Location(]%]) — Z2AE O] 344 31 A A Aeigt 57t wet fjof & dAZ &
dAmg olto] Y o] AF o AP} uF mRAEL F/71LE/AE, e
A Z2AEE= 29 4d/ X (département) /TS, & ZR2HAE = T = B /A3 /A]TE
AFgshE Aol

o Project Name(ZZAE o]F) — 8%} o|f&] 42 o|F (=4, =4t _, -).

e R o5 s 4 Qe 917 IS ALY AN g o] TR A2t A
%Eﬂ ] <country> <adm1n level codes>_<YYYYMMDD-HHMMSS>_<your name> F4]O =2 §F
St 9 E &9 purlo|gh= o] 59 n|= niﬂ“Et us_ca_081_burlin_20260604-131500_ burl
ol k. 87} A3k AR Yelshe Riolnt A&F A7 BRoll AR A4 TeHE
offgt 2o, ojn] fAdof gls TRAELE A o] 52 FAIT A Iti= 2H4d o] *H—’w‘ Sl
o}

3.4 earthUIo|A 7142 7] (A A}

Ato]EHE 4|38 — Import from earthUI — | A]+= earthUI 27} .rds THY-S 742 4 At}
018 3l shunaULE carthel T 717 FEEAY Y DE ghners] FeA8 9 Y
o gt ] ARES 5 lom, earth®] AHE BIAAFA F2]9t glmnet o] M4 A8 & A4 Zﬂo‘:O] =
SHEI}
H
earthUI A7+E 714 2 Include A F 8 AZF of 2t earth 8 0] AHH7} glmnet TS
ZEG} ghumeto] earth] 717 S 91014 Agal] gholch, W4 FATL o]F WAH L
2 Ho] &t} Include?} Typed #7]1L, earth L& o] AF-E5HA] -2 Argi4=o] -2 HjgHAds}
=ju], 9% 5] carth RN $5-E el Qo] EAUE. Forced} Sign carth
o1 Aol ool A BT 2 Sl A A carh 1219 of215] 2857 ol
Stojur] BES A2e] e A1} 2L wpoz woiA et o] wAE AHO= A
G Aol AL ehU1 215} Shete] 91 Ay AE AL A Aea fel
3.5 Fid ¥
Hgo] bWl 7 mdo] ok W50l Lehit
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E &

Data Preview | 7PA dlo]E| 2] mj2| 7], g7t HEO|AM = ti4f T84T e} vlul 7
At E= v

Equation At 2y A4S LaTeX/MathJax® EA|SHH, 00] obd ZF A9}
CAE FE Hol Frt

Comelation | 549 A9W5 A750] SEN (AT AoI= AL 7).

Summary 8 2 E(R?2, 4 R?, GR?, CV R?, RMSE, MAE)9 A ®E7 A&
(COD, PRD, 59| H&).

Coeflicients o ot At TAE, 00] ofd A4 E.

Variable AL FAE(|6] x sd(2)) o] IS} 291 E. 757t A9 plotly

Importance tistd o A Y.

Contributions 7127 EAZY Q= ¥ BEGY 08 29 AL AP ol A
T4, 2B AR, LEAEL 349 Tol AR SERO 2 BA

ANOVA b Eol & 05 AEE, 29 ART A%, A%

Diagnostics Ul 712 O9: Alg AR, OV o3}, AAIgE O A3, 7t o] At

Glmnet Output | HA| 2o S9: AMSH W A5, 2y &9, A9 Foh, lambda.min/1se,
Znk(ghet A5l 29), AA| A% WY

Report HIA 7 5 yEY7] A=

RCA RCA 24 23H(HAB7F REONA At +).

Adjustments

3.6 Ao HE

e Use last settings for input file — o]

e Use default settings — A& sl & A

o glmnet defaults — 3% 7| 2422 %7]|3}(alpha
standardize )

Save current as default HE-Z Ao RE YA AY 7|EZto 2 xAsict.

3.7 ff2 Rt
LEL 9 BA2e] /) oto|lZS S5 B2 Hutet o F2 HukE AT 4 Ao Hlut
A2 28 A Ao AE Aol Bi ol A HH. BE Ul 84X, 19, 7I=, HE)=

CSS W42 Mg Hjnto] wo] x4

o

3.8 2A|Y7} X9 4H

glmnetUli= =7} 719F 2A|D A AE ol =414 =2 W CSV 4] wagS A ¢rtet. A=
A Z9] Settings E2THE-2 2| Y=L 317 270l sl Country®} Paper A= 7] E A
ZF 2l v ARt
« CSV 782 — mj=/9d=/4d2&2 €E(,), d%E 274 7|85 25 §4 dF22 Al
oZE2(;).
. 257 AT HIE() EE AE(,).
o A Y FEIIE  HEEF/IT/LE), R (FL/lEEo/AH ), 3 (Pt
E/RGs/EUETE 35 /9 Ao L/ Ao}), ol X AE R T] (A9,
o 84 7] — Letter(U]=/7AUtt/HA|Z) E= A4( 59 Be A9).

ofl
ol
ol
L

H
!
o
H
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3.8.1 71E# A%

Save as my defaultE 2ol 274 A4o] A o= A HT,. o]

Q]2 By QL o]5 o] nE Ao A=)

=

3. 71&71 EAH 2t AL 2AYo| o] AFo R AT 5Y 2AYLS
A Qo ub E (200.000)5, DHEE FM (200 000)&, ~95= O}gt/\EEuJ(QOO’OOO)— AHE

gt} 52t 712 e BAIEA] Gett—glmnetULs 3}l S 4 olth.

712342 ol dlof¥ ut
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4 Appraisal &=

£+ F For Appraisal= /}jE—ﬂ SHH glmnetUTE @ H-54F
A3FollA At HE 7|52 Ot= A
ant cheet

4.1 W B A=

AAG7E RE A= Hlo]g Al 9] 130] thA Fa4to]al U 7] 92 & Hlw A At o]t
A o2 T1of] g A oo gt (11]2 = 735)- oide] wjuf7HA -2 H 9] FAY o F gho]
vt H‘ﬂl:-— H‘ﬂr* glmnetUI7F 28 A| ZH5 02 NAZ FF3t.

7k 7] & Data Preview = &+ FE22 U} Subject Property(13)2} Compara-
ble Sales(23 ©|dt)o|t}. 132 AAL} &3 A3 o)A A LlEn). At ok a2 th4 fof

it dSak= A9

4.2 7|43 vjul Bt
77t RE9L A RE A E M4 74 Aof Effective Date(7]5Y) d o] vepdot
(71232 2= 94, Special € EETH0A] o]H €& contract_date= A% SIH glmnetUI
£ sale_age @7t ulule] AT 12 Afo]o] W A% & At o] AL AT
2 7190

71=do] HH ™ sale_agetr A2 =2 ThA] A4
43 5% 4 A%
WR7E RESL A% REGAE ¥ TARE] 7 AWt Special EETHEo] Lrebii
S 739 1 aae] AA Fxe Aledel Aot

4.4 RCA ¥AZ 7/l

Calculate RCA Adjustments & Download HE(Alo] EH} A
Market LEO[|A] A2 TiAF the] ZF v Ab| o] A1 =& HA ]
5 AA= Aol A drgeitt

=

% Appraisal %
| ~FStet, RCA 21 &

27 ol Fofste 0QA Aee A 22X 7h2 b duhirEE tidel ASAIZAE 24t
5.0 d8< vl AtellEe] Sl =t
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5 Market Area Analysis HE

Market Area AnalysisS AEH5H glmnetUl= A H7F REQF 5 ASH F
(5% <, vl AT, 2 HLR)S AR, T el 7 B

¢}
|
o2 Bl o 292 2

5.1 Appraisal 2 E29}9] z}o]
o dA B A7 G435 A REJ AL 180] A5 o7 g HEato g FHF
orL
1o 1o .
o AA R X E7} Gt — “Calculate RCA Adjustments & Download” THA|(H8E) = Al
2 REo A AFESE 4= QIATE, Sales Grid ©A|(A19E) & 44 H 7 RE A-goltt.

i
2

5.2 /\]Z]- E‘:E 1>E’~

Market Area Analysis BE+= Tt 22 7%l A6t
. 7} AHRAL olafslr] S5 ToILt A1
v, A5, A P2, 97 22 W) S G

et =723
#



Valuation Engineer Journal - A1 - A1T - 2026 o5& 16

6 W A9

Ato]EHE Al44 — Variable Configuration — 2 oJH &2 o) FAA|7]1L TA-S o2

tFE4] HsHs Folc.

A4d W 99| Target (response) variable =50l Hlo|E[Al o] L E Ho] LpEHT}. gt

A WAl vuirtA) 2 At SRS de AFoR APHS R4 Aot

6.2 d9HsT 1

=EWs ] ofgfols He BE o] o FEu} g E2 AH)

2 4

Variable o o]=

Type 253 EETHS: numeric, integer, character, Date,
POSIXct

Include AZBA o] AL mEo] HWMAE K

Factor AZvs - W4E WY adow 3R B0 7}
wis g A4)

Force AZers — B A FACEH A =0, lasso”t &
= A7 o)

Special EEOHAEHAY BE HE) oo E4 d &
Y HxE He

Sign == A 7o 4 =, B 7

NAs A3t A%

6.3 A=d 79} A%

glmnetULi= 7F4 7] Al Ai2 35 AH5 22 At

Y Hol= E24% d(23t d# 4] 18l)-2 Date
Type E&THES HHLo] ofH ZM J

3 Ydof oA H2d}= =27 .
el A~ E TRUE/FALSE, R B‘?l % Ao HFEPo g FEHrh 29 I Factor A|

I AE A9 ot gQlo] Hoh—glmnetUl= 4221 2] gt H{TH Bl

2 onz 84 5 2 olit A AYHSE= AR 2 Aok o= &

H 1_‘:]' Factor H 7‘4 2 JocalStorages 3l A H Y.

6.4 7| 5o A&
7} Ao thef Sign =5t
=Y

q
— E
S, SR ol HOIE SIS AR A% Selt gt gol Al
o 71Hie} 2 B35 71 ASE Coefficients Eol EA|HTh
e £33 743117} Summary ¥l YERATH
glmnet 25=(AH| 73 ol 4] Enforce Sign Constraints A Z8FAE E/4J3lolH ago] 7o B
S Batol= AlFE St s HAAHT o= glmnet 2] upper.limits®t lower.limits®
THA L
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e weight — W= 71E] G(RE BEA AR 75 Ut 5] 71E2]71 021 P2 A
groflAf A1 <1)

L AR

o contract_date — 7|FYZHE sale_ages A5 A4S &

o listing_date — A% k& 44 ALY A AR AHE

o dom — A k& AL FE /Jtﬂ

o sale_age — 7]—‘—4 UHUH AHd €& A AHStE R, glmnetUL7} contract_date=ZHE 7
/l]—o]-_ EH/R] 01_44 o o UH”H 74_]4_o1§ PPN 01]:]_

o 29:
+ concessions — Bl F3](VAER] 418, Hiel §<14 5)5 A

AN 3
- sale_type — "iull/ A 79 I= AH
TR 2 93] /3:

¢ latitude  glol AEOE & A A7 e

o longitude — =9} FUT HHE T A2
e area — AR E= T—_LE] A2} (4] area_ id, neighborhood, market_ area)
s

2 o
e living_area — AIF I ET 2} A4t (residual_sf, cqa_sf)= 7FsotAl &
e lot_size — U] 12 &
o site_dimensions — THA] 712e} @A FHA(l: “75x1207)
a9 43:
o« actual_age — F-&AF AA A7 &
o effective_age — F-&4t & 19

EREL

o display_only — F ¥ Excel HE W7ol = ZFE| 2|0t 1y HItoAl= 23] A<
At 4 §%, MLS 95, 87 ID, 7|5 4% Azel] 4§t o3 @ o A4< =
2 %E‘r.

8Y: display_only® AFH E2 Ho[HAf ot Ercel WX W7ol vrebtx]rt A 2o
ME @45 AlQdd. ID &, F£, 7|8 A2 g5l A-golt.
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Ato]EHE A5 — glmnet Call Parameters — = A2tAE Yl o] R = LA 240 AT
& 5 9 B}, 7 maol 47 Bl Tl Heh w8 ofol2(2)0] et

7.1 Alpha(E% 24)
alpha R Afete] £ 24

Alpha %t © 3 =zt

0 e REASFE HEH R £45
5 oj AL 002 WEA IS

1 Lasso A4S A& 007 vHE 5 9l
= (A5 )

0°fI A1 1 A€l AetAg Hl 21 2]} lasso®] =&

alphas A& st Y2 F 7HA ot}

« Fixed — &¢to|t 2 ©¢ alpha 32 A (7123 1.0)

e Grid Search — 9¥ alpha &S Al¥sto] CV exp7F 7B e 7S AEsitt. H et
2ol A2 44 4 A

7.2 Lambda A€
lambda+= grete] g 23t

ch 4
Cross-validation —‘ﬂ?gr kA CVE AF&3Fo] the Jambda ZHS Al 3},
Manual e o157} AT B4 lambda 92 A8 ATk

WAHSE AET e F 714 lambda A=A 7} Qe
o lambda.1se(7]23}) — ZEF 2 RH 1 2F24 ool 9l 7Fd 2 lambdaoltt. ¢
Tkl o AFstAl Aatehe nEs vtk 3wt 1?—011 ;W%E‘r.
o lambda.min — WAHE QA& | AS}6H= lambdao|th. AT EE 7P X0 1Ly o]
o E5oid o i
Number of CV Folds 25+ WAHHZ-Z 1ol Hlo|HE o|BA U2 & 2HdhH(7]123k:
108).

7.3 Family
HeHao] 2 A

mlo

A€l
MEd

=

.

Family AF
gaussian A& §H-g(d: wjujrt4). 71 Soit
binomial ©] TH(ofl: viEE /ii ] 2] o).
poisson  Al4*(count) AFE(of]: wiuj 715).
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7.4 Standardize

AEstd (7128 29 dol e A¥rart B 0, BEHUAL 10] HES HLesbdn. o|24
Az Awsl BRSHA WHo] RE HWHAE SEop 0 Bl ARl e HE2 H5e
Bt o A £ Az 5 Aol FH

7.5 H32 Al°F
Enforce Sign Constraints7} 2215 H A= HEy E(A6F) oA AT 7|t Foof F&
sh== Aokt

o “positive” o= AFE >

e “negative” Fo= AFTE <

o “cither”2 AAH W= AkS }?:]'X] ?—gt
ol

o= glmnet()J upper.limits % lower.limits B2 A=

7.6 &3} Lasso

AutA Q] Jasso=
Tt A4 4 Ut 43 lasso(relaxed lasso)

3
3
fr
rE
3
(11T
o
)
St
2
e
o
)
°)
re
r
r
_\'l_‘
>
o,
ot
o
B
i,
o,
rol
&

2] A ¢]% Random seed H|AE T2 wabAS A wiAS A 7s5H
o=k A5 Ao set seed()7]' SEEH, AFHE A== Glmnet Output 2 A9 AFE] HA|
ol 2ek o= (R d4= A4 7171 o=t 11: AlZbg ARg-SEe]) Al A7
= QA= AR _ﬁ}cﬂ of thal mpz|Eto 2 AFES A E 57 7}~o} AR A d7
= 7 Ao, A dS 5P A= ojF2 17]2PF4‘:}

7.8 1978 P
ti3te At E-E Fofl olE W Y] o8- o8] 2AHT 4= k. 7} Trofl= A=
gazt glom, Mels]o] Qlow W AHE ] x1:x27F 1Y PHo| AIHT}

o Allow All — RE W52 242 A=

o Clear All — 2E 29| AeS SiA|(A} ot 2] 7|27k X5 siA] A=)

rE
>
i)
(I
o
rjy
i)
|
=og
g o
i)
)
1o
H
In
E
fol
I
ofo
ftlo
i
M

S zFgo] sttt A5t YR W H Ao Enabled Interactions 3 2 (% 5l
o] Lt 2Fejo] A2 EA)o] 712 HHEO 2 A e carthU19] Allowed
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Interactions

g
elrts ol §olstet.

i)
i)
)
tle
o
gl
i)
i
2
it
o
ﬂl
i
%
k0
H1
B
8

N,
I
2,
ol
il
o
lo
i
A
P>
bl
fle
>

28 AYHSIL B2 0 gsso= 2TRF 1oAE Fe AFOR 002 WED “Allow AllE
2 =3

7.
BTG DA B 0|5 0E% Festr 1 W4T} FawkE Rgo] Sojrkx] Rotug
AR 4 gtk W4 o] F Flof F& <17 EAVE Lehdth, Aehew okt 2,

o Y WA Favt FolA AAD

. ST HSE B AL Pt :x2)ol AWE) e % ok

. A ©.2% 225 Awto] s Hck

o O] A= 92 wAHZ localStorageS F3 GAHt
AR AL A e 2o A ol vlelaior sk AH 24 nelshe v
sale_ages Ta A AFHSHY living_area®t®] W 2-go At 5183ttt T12fH HP3gH
sale_age <+ 4] sale_age:living_area W2 2}-& o] Th=ojA-A|7to]| ME 714 55

o e o] uhet et}

]

7.10 g 24

glmnet Call Parameters W o}l 2] Ho]A] “Advanced” Holl= F7F Aol ot o] 3|
AN 71232 ARESHAIRE, MAolu AAE o e BY A4S wAetd 4 =S &5l 9l
o

« Lambda Min Ratio — A3} 24 7} 22 lambda%l 7H )
Z7]:2%L: 0.00001. &t HlofE A (FFA] 5070 wRh el A= o 2 g(ell: 0.01)°] “d5=
AR 5 9

e Number of Lambda Values — 74 2AF2] lambda Zf 714> 7]12%E: 100.

o CV Loss Metric — WP 5-9] &A% MSE (gaussian®] 7]23}), MAE(o]/g =] &
71), Deviance.

« Convergence Threshold — ##&s5}7}o] 4~

e Max Iterations — F}E5H7}Q] Xofj gHE 312~

EHh

Fit Intercept — A (4<F)

%X (basis value)”o]l ig2tet.

riu
S
E

o
.
)

1o
I
o

AAZE. 7124k 1e-07.
7122k 100,000. $8 A 17} Ve A

i)

Sr . 7]%

=

9
4z

=

A AH2 AAFIE RCAA “7]=

og
e

7.11 A4 7124
g el Ul B4E o8 27| AE Al 7HA] &4 0] Aottt
« Use last settings for input file — ©] T} of sl A AFESH AAHS TdjE2 B¢
e Use default settings — A& & 7Y 7| 27kS A4
o glmnet defaults — 37 A4S 2 27|38} alpha = 1, CV lambda.lse, 104, gaussian,
standardize 5{:.3)
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Save current as defaultE ==l5lH

zro 2 A=},

Aol 2 AHo] o]F
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pal
S|

o0
Hd
ofl
)

8.1 Fit HE

Atol =l Al6d o= Fit Glmnet Model HE©] gt} o]
plsleg

i
|
1
Qlt

st @) FHo= Bmgo] A

.

8.2 A Fofl dojup= ¢

Fit2 225tH glmnetUlE tha2 433t

1. Hlol8 & EH[&tt — NAZ} Sl= B AASHL, (A= UvH) 75215 285,
(A B7F REo M=) tiA = Alelstal, 891 H4E 7HH4 d= F oo}t

2. BY PE& 7T — n 2§ FHoA 5]-8H no2§ s xgote] ABES
et

3. AeFS ALttt H3S AH-go] FA3tE o] Q] 0 Al4=of upper.limits®}t lower.limits
s aga

4. DAAFTE FPA — CV7E AEE o] QIO cv.glmnet )& SE0H] |4 lambdas
ZH=t}. 245} lassoZt A43tE]o] QIO cv.glmnet(..., relax = TRUE)E &&3ITh

5. A% nge Agwt  AgH vy, A% A= A4 A,
6. 25 A3 - AT — Summary, Coefficients, Equation, Variable Importance,
Contributions, ANOVA, DiagnosticsZ} 2§ %It}

Fit HE ot o] ] HAIA= B52] 4=, Aol & 4, A8 lambdaE 2o £t
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9 23 9

9.1 Data Preview

7142 dlo]H & t2ty DataTable2 Ho] &t 4@/ A|
Lt} Subject Property(1 ’5“)9]- Comparable Sales(2f5§
ke @ 22 $AHI D Yujo] Bo] FIne Zo|
ol B ol 2 Sojmala] gt} ofR zholi} BRIl

A RESAE Hlelu o 2
oo

>
3
o
_m

9.2 Equation

MathJaxS E5) LaTeX2 A28 Ag 29 A2 BAGTE 00] ofd BE ASE 43
25} 402 Hol k.

o FYAFE + FEE BA

« 2o AFE - FEE BA

. _]T_:é__z],— —Eﬂ'—— X1 X Xzi J—I/\]

o A= ./}Ju AASt 254 A" L2 A 2)A

1T T

et

A el ﬁ}%(-n 5
- 2] Zholl BB glo] Aaf

o W %ol et 2Ret & 2717k 2479

o AT Aol HEZAAL At d 583

9.4 Summary
23 A Sl e Yelz A HG,
. R? - AwE B4 v g
. ZAR? ARG A4S o) 2 3
. GR2 — A H lambdalA] glmnet®] o|gE H|SZ2HE d-2 A3} R2
« CV R? — XAHF R*(CVE A8 B-9)
« RMSE — B+Al 524}
« MAE — B#dtox
A7 A REOAE v 7FE7F F7H= A
¢ Median Ratio(%%| Hl&) — (53t / AAIZhH S T34
o COD — AFEZA|4=(Coefficient of Dispersion, Y=
o PRD — 7}AAH A} (Price-Related Differential
9 RZ7} CV R2E 0.1 @4 Z2ysbd A A1 :
7tE offolli= HOE I5l Coeflicients 1}t FL, F& F17F A Alg- 37} HHE5A]
At}
=2 .

v%

i
o
r

9.5 Coefficients
0°] obd EE AGE o233} @A Ko F= Fol}
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9.6 Variable Importance

BEEIE Al 27, & ZF Ay Sof tigh 5] x sd(x)o]H, 991 W0l He sy 5o 4
A g = o4A) 24 o] et
EHR—}G] plotly(plotly 7| A7} AXH ). A2t FAE, A4, At HEES Ho
= oW EHol &9 712 t—’hﬂlﬂﬁu
. quq ggplot2(hA] ¥4 H7 AAle] % ol2wrt &al 712 a1,
1 ot ] DataTable Variable, Importance, Coefficient, Relative %& H o] St}

9.7 Contributions

2 Agus7L B0 d2el Zofote G Mol F& MAY RREN TFoln. SEeel
/\—]EHO]-E]-

TX]%] ARG A5 M0 x3t ol L 71k (8 x ) 9] AP o, |IF HE} 7]&
7] BAZE A vebd T 7127] BAlE DT AR (Al +1,284.56/unit)E o FH, 9
T/ E ] /97 F2 Haole A8 ©el(oll: +0.12/0.001)F ARERITE RAlol= 4
H(715F) #tol BAIHT

29 W49 A9: 091 55 7]o]E o] BEE Mol 2 4xagol

= 0k mEAee] Bet d A Aot Fiotel A A o] 37
T4 (7Fsote 1559 plotly, 1921 OB 44 persp(), 7] ool nel Bol g T
AR, 287 5 e Wl Wikl 24 B 7|oiw ol slEgoltt

LHE
o

9.8 ANOVA
2t el oo the-g Mol F& R4 Hef Eolrt
o SS— AlEFE: Y (contribution; — contributionj)2
e % of Model SS — 2% ZA B3t A 2HA51e &
« Coefficient — 3| AHH9] —7—% A5
AW 37} TOTAL MODEL #o] XA W52 g2 sl e Mro 180
2 EAH

9.9 Diagnostics

2 22718 271 16pt), 15712 & &=, €7 A9 ol 5B (A4 #7] gl)E 2= vl /A A
o ol

1. A4 & (Coefficient Path) — log(\)7F A5 ]l E’rﬂ} W= A7t oA Hsh=A] Ko
Fo 42 wewe Mo| TR, 73t ARet M4 A8 A7 02 nofall o
Ewol "ot

2. CV 2&(CV Error) — log(\) 9] &2 Yebd waby C
2 oxfultll 11 B2 OAFS ekt sH 228 A (ST AL (22)2
ot

3. AAIZ A 53k (Actual vs Predicted) — ﬂzg o o Z7ro] AFHEolth HEL 45
T 3t 7]EA FHo| ook gty At} Y .

4. A3 o & °“%}:(Residuals vs Fitted) — 7‘]'

of R29)2 Eol Ao @it old Hele] Bl
£ A
7} o= 150 DPIZ A& 4= 3= Download PNG HE°] It}

R m‘o

rE
K
oflt d
mx
o
o
S
£
>,
&
o,
M
[
o,
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9.10 Glmnet Output

A 1Y EHo g, /\}_&g H AE Yy £8 A8 E lambda, lambda.min/lambda.1se, 710}
(23} lasso7} 9*]'/‘42]'% ), A Al HEHE Ho| Fr

9.11 Report

Ry A =3 41-147}/\? o] &, B4 BIA 42 B4 F13)E FAdotal o] fiolA ZHt=
Word(.docx) E+= PDFE2 WEWTE Quarto 7|8F 1A 2 S5 HA(HTML, Word, PDF)+=
A13%=S Fxotet
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10 dHlolg W]

_|>~l

9% & Download Output (Excel) HE(Alo]TH A7, B E 8% T oA ARE 7Hg)-2 o
273 A AR 7 Excel ©HYS TR2AEC] £ ZE0 2 LHE‘H‘:} o] Ao A= AHE
7]- R EQL Al HEOAE “Download Estimated Sale Prices & Residuals” 2, General H.E0f 4]
+ “Download Estimated Target Variable(s) & Residuals”2 3FA| Y.

10.1 9 ¢
2 49 |
W
residual AA gk |=32r
cqa AFEl-#4-4 3 & (Condition-Quality-Appeal) (010 k)
residual_sf At/ —rﬂ‘ﬁﬁ.(living_areaﬂ- A5 AL
cqa_sf residual_sf 92 H¥ AL CQA
<var>_ contribution| d|=Fkof tiet 4 7|
basis A H(RE PoA FY)

JEHos gmE ey s 84 A2 wA7 ekt

10.2 CQA F&
CQATE 7} o] At thg RE B3} AF0] 0-10 A== &)ttt

. 22 CQA(~9-10): AIZHTHBY v Be  Abe) /2L /AT w7} 958 T1540)
=}
. B2 CAAC0 1) oqi_w 29 W) B A A5G Ui AsAe] Bt

“*7*/*1” EEC’WL living area ¥o| 2 AFo] 9oW Fo] residual_sf HPZF:

g},
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11 RCA A4ta Y=gty

RCA (%A} Aok A8, Residual Constraint Approach) 2 S5-2 23 23 & Appraisal ¥
Market Area Analysis I Eo|X ARG 4= Qi &5 ©HA Q1 AAH| W F (A 1278) = T4
Wt me 2goltt

11.1 RCA Hsd= 47]
Ato] Ext A8 ] Calculate RCA Adjustments & Download HE& 23835ttt I3 A
g
« CQA T+ CQA per SF @54 3. “CQA per SF7E A=t tf/do] a7t F=AHA
©° g ALl
o Y CQA H4E YE7ITH0.00-9.99, 7127k 5.00)

11.2 CQA A4 Bzt

1. U] A E2] CQA A58 77 A=)
A HZho 2 ¥Ee CQA A2 FA 2 g8 A7t}
3. A 7HA] = B9 =3t + BHbE 7

[\)

11.3 €9 ¢4

[e: ]
=

subject_value =7F + B7hE ZERp
ok — H|W Abg| 7] %

]
d
R R e
H
3

<var>_adjustment

residual_adjustment

net_adjustments 3219] 9

gross_adjustments
adjusted_sale_price

I hr| Ho| & S H
El| X r|r| o2 o2 ogl fee)

AR oo 7+ = H A

Aol 4B o= T WEd B4 A2 WA} et



Valuation Engineer Journal - A1 - A1T - 2026 o5& 28

2 ZAFAEE L E

A AFe 8] 2L 3 (Sales Comparlson Grid)+= RCA EH A& A4S H(ASHA]) Appraisal L&
ANMT ALEE 4= ATt o] 72> AAHH7EA Ol ¥ 7ol A9t A2 St Excel FHEA4E A4

gt

12.1 v At A9 o ezt
Ato]EHE A|9E O] Generate Sales Grid & Download HES & ]":'4 RCA &8 = &
£ o AN Hote BT SPIA AT T AE F 1E0s

o AF A (Y] AEE): T HAA 7 ijujrbA o] 25% m|wkel AHl =, v A (7
X2 )02 JAun

. FIEF A (1A 2 e Al el A A, ol ATl o Y

Z ) 30709 A& AESH 5 Generate Sales Grid& 28 ol 532 A7 qH5o]Ztt.

R

12.2 SdEA 14

SFEAE 2] 107]9] AES 7, 7} Al Eol: Hlw Abd 3710] Lets] v Et.
= F: oA 2 Hw A Y] T4, wimizbE, mieid, A = E A

o I A HZ](HE Ak, A1), thA] 72 (A HA, 2] 2|4, AP (AEA A9, &

A=) 2% 227 019l PHoR 74
. =9 W @ 00] obd Bl Ate @ B4, U4t 7)ol I 2] JlolE, 17 vl &
A

54 A B0l ZASHA] 2ot B4 (A AHl, FE, £)ol s AP AT A9
4 e Rl s oAl gt
o 2°F & £HA%, TEA%, L2|AL AAIE Excel 210] S013F BA w714

A ANEE Aez dyEE e 7] fd 4= Ho =T, o] 54 gt F2 gA ez
2 124 A4 7e 4 71 B ArrE U= fAsHEA 29l fle
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13 HYA =7

13.1 ¥ @4 Quarto FY 35
Kol ErtolAle] BA YR U7IE T B9 Quarto 24 SOl
1. Generate Quarto Report(Ato] =8} A104) — 2A7]12H2 4 Quarto H<(.gqnd Y23}
1%], report_data.rds, reference.docx)% I 2 A E 9] glmnet
o]

2. Convert Quarto Report(/\}O]EH]' 7\1]117‘,34) — .qmd ot
Foth A2 7P 2ol AAE Faol 7|2kl A T, oJH [ gqndE ZrotE 4= it

13.2 HIA A
3 A A= Al 7HA] FAS & 5 Ut
« HTML — 7|22 HTML #A]. pandoc 2]of] F7F AT E o] glo] RE Z2Zof A
gy A 7|Egroln
e Word (.docx) — A|A13HH FA4]. W} vjzof AdtolH e SZHE o)A 253t
o PDF — LaTeX& AH&Sl= Quarto2 HAAHTH &2 37+ 2A Y A (Letter &
A4)S TEC) LaTeX A7} QA AH @ 7AF}; B2 23, LaTeXo| 7HA| = A
%o JA AT oA PDF J40] A5 0 2 &AZIT)
B AE 7155 742 Quartoz AAAEY, 12 %] %S ™H rmarkdown© 2 A E Tt Report
e olet B 2 Word WWEWZ|¢F PDF WE W7 HES 23 A|-53t.

Al
2

13.3 HiA Y&

HiuAol= g Ho| Y-go] ZHHT
o HolHAl AY(mtd o]F, #EA] &, ¥ A, 85
o 3 A% (alpha, lambda, family, standardize, &3} o5 0] obd A=)
o A3} Q9F(R?, £ R2, ¢4ts} R?, CV R?, RMSE, MAE)
o 29 YA (LaTeX 22 AL F)
« AT H
. W FRE( e net §)

o

o Contributions 81} st H4HE 7jojx 19
g AmEs: AY Ao gt AHE

- —9-?_]_ 1_‘<lk‘3 T = oz]'

H

# 5% (persp)
« Enabled Interactions 3§ & (1 &2-g0] stutate A3MH H-9) — &

. T A FE

« ANOVA E3] &

. %_]% _j_am
- Ax A=
- BAAE 0%
— AAIG o A5
- o A
- 47 QQ 19
. 53 29
HE Z olgxe A4 Hele & A =25 ARgRIT (A5 7] §l&)
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14 earthUI%2}Q] v

carth HE| A1 A7} 1 glnmet F4] BES 37 BY3E 918 shte] 27 Bgoltt, F &
T 5AG Pold YAl 54 9§49, RCA 49 58, 4] dolgAe T4tAe R gst
AE A= et

14.1 59 #}o]

’ glmnetUI earthUI

A
H AefAE Yl(glmnet) MARS/Earth(earth)
Ha A E lasso B82S &St AHs | AR /7 7HA| A7) & 3 AHs A H
A
Al TA A gyt Z7PH A9 (1] &)
W AE wozg PdE Fe | 32tA
A W Ag
Ag o Aleks sofl AA 7Fs | AR A =71
2ha} Aot 2+o} lasso A8 7Hs o/l
Alpha £73 A2} A AR 7Hs T e (T 2 Qls)
A e Arel| v o % AHE 7hs (H9THAl) AHE 7he (H8THA)
g-orr 19 g gl Fa & AlZet
HIA P4 HTML, Word, PDF HTML, Word, PDF

14.2 3% 75
= 57 ns g ATt
o snake case & WS FHIT CSV 2 Excel 714 2.7]
o CSV &2, 243 715, §2] 27158 23t 3Ul= =AY A4
o 54 & 2] (contract_date, living area, area, latitude, longitude ")
o 7[FLZEEY sale age A5 AL
. T} /ElolE RE Mgt
o localStorages &% A4 H=E
o AT SEW M4 FQT 7|0k ANOVA, gt
« CQA 4 AT RCA B A4 55
o HII Abe] e AR Excel 22 2% A A TE
o AT A A Hlo]HAl(Appraisal 1.csv)yt 22+

14.3 ol AE A & A7}

o 2 WS Y-S 7= st |40 4] AP R F S YA glmnet UIE AHE-SF
o qlekr Ve ARWETl B3 R0l /1 FRT ASE ok £71% v o) S
2 3Fs})
19

o HAY AL AdstAU(dl: FAHA ] 7HE o nz]= B3} fo) wet Eebx]= 7
) dARANE T2 317] g7 D 3ot earthULE AFEole} earth @2 o =
2 249 oA (22} 32h = 2S5 QI}. earthUl= E3F glmnetUlo+= of-§=©]
= AF 22 Prolog/DCG 714 & A & 7|52 A&t

o T2 HolEo ol APyt AP RFS v st & o Agotet & By o] R?
Zro] |5t A 7HsAd SHoA o TSt glmnet o] A5 E 4 it



% gleh

demo_file <- system.file("extdata",
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15 A dlo]gAl: Appraisal 1.csv

15.1 A9

AA dlo] 8L glmnetULSl] &7 £ A2H earthUISE &-HHth Th o2 925 Fe1e

"Appraisal_1.csv", package = "glmnetUI")

o] mhdofli= 2o MLS WH 7] ZTE?- 718w 1,5027 (122 1989 g4 T4
0] ol Stk eoIELL s 19 SIS} CHa oleh A A R s e
ot

ol AA| HolEl} o AR B el E L oke] BAUH S TUS o R ¢ Aol RE
Al A H = A E AW A A
15.2 4

o e EX 0d 2™ ‘
= =T 1T ©° =2 0

weight numeric | weight TEA] 7S A](0 = Aol A Al<9l)

id numeric | display_only W4 |FZE ID

property_id numeric | display_only MLS F-gAF 2|®H2}

listing_id character | display_only MLS "l& Ho

parcel_number | character = display_only 7}#E] ZpA|H 7} U2 S (APN)
street_address | character | display_only F-&4F 34

city_name character | display_only A|

postal_code character | display_only SHHAS

county_name character | display_only| 7}-S-E

contract_date Date contract_date™"] A% (sale_ages Al4h)

sale_age numeric | — Al°FdH 7110177]'7\]4 A

sale_price numeric | (FEHSF) ojuf7pA — WSS

living_sqft numeric | living_area & THAHH(HHFTE)

beds_total integer | — A4 5

baths_total numeric | — T 2 (d: 25 =182 + HHEA 1)
lot_size numeric | lot_size 2] A (AHFTE

area_id integer | area MLS A& 2]z}

age numeric | actual_age | T4t AH(H)

latitude numeric | latitude A (BFNM = a5 AR 2 2 JHEE)
longitude numeric | longitude A (RPME 25 AR 2 2 Jh2 )
garage_spaces integer | — Aol

days_on_market @ integer | dom AR = A

listing_date Date listing_date "= 5%

sale_concessions numeric | concessions | WJESl %o

15.3
1.

A% whE A

glmnet 282 M85ttt earthUI::launch _glmnet ()

2. 25 & For AppraisalZ ot Al Z2 A EE qt=ECh(A|14)

=2 =2 71

=)

t

.9 B Y2

. sale_prices HHHS

gz E4

. Appraisal_1.csvs ZZHEQ| g Erjof Wil A2do|A A

42 degct
$9L 24w}

ettt (2 51 Refresh
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6. AYHFE ZLAAZIT): sale_age, living_sqft, baths_total, lot_size, area_id(&
Q1o =2 2]4), age, latitude, longitude, garage_spaces

alpha = 1(Lasso), lambda.lseE 2= CVE 12 &0

Fit Glmnet Model2 Z &5ttt

Summary, Coefficients, Diagnostics §-= AE3}

10. &89 WHATL(ATEHA) CQA +=%1& HET

11. CQA H4E ~5.002.2 3} RCA RAAE ALttt (AlsHHA)

12. P4 Bl At ARAEE| 2 EE AR (A9 A])

© o N
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16 A2W 27T} 24 2

16.1 A ZHE

glmnetUl= macOS, Windows, Linux©||A] A3 Ett. RStudio Desktop(2023.06 ©]4d)<S A=
BAst=d-— XA o] Q35 pandoc®] &7 E°] Q17| wj&o|tt.

16.2 AHA & 94

o LaTeX(TinyTeX, MiKTeX E+ MacTeX): PDF R11A AAdout & gsict, 72| = #] &
O™ PDF FA40] 25 o2 mAXITE A% ¥H: tinytex: :install_tinytex()

o sysfonts + showtext: Z13-8 Roboto Condensed 2=. A& 4= gAY 2T alQlo|H
A28 AR B 2% AR,

o earth(> 5.3.0): earthUI 7} 27] wto]Zatelofqt H @ 5},

16.3 EREE JA
macOS: ZA4|7} 714 At PDFE 95 TinyTeX S A5t} tinytex::install_tinytex()
Windows: RStudio®} 2 2H5stet. 7] 4-8/Eeto] ZatH HFe = AA| tHE 2] Aol
RS F JEd—HS 2L JIE R ]OPQ A4 BE glo] A& APHr.
Linux: A|A¥ gto]BE 327} B Q8 4= QIt}: sudo apt install libcurl4-openssl-dev
libssl-dev libxml2-dev libsqlite3-dev libfontconfigl-dev

16.4 HH 7 F4&

gl T8s &

LaTeX 3= PDF &40] A%, HTMLY Word+ Al
M- 7V

AHY gl /== A AL AR ARG ZEe] HIAA] 715

RSQLite $1& / 9171 A& A A Aol HEEA Fe. P HA A,

AA HHAH A & 5 Sl BIA AgAgo] rgEet e ret oA A
TMPDIRS 7] 7H5¢t 92 & 445}t

16.5 2A 32

“PDF option not available”: ROA| tinytex::install_tinytex()= APt H H-S ThHA]
AZFstet,

“Settings will not persist”: AF-&2F flolH o HFZ <215}t (macOS:
~/Library/Application Support/R/glmnetUI/, Linux: ~/.local/share/R/glmnetUI/,
Windows: %APPDATA%/R/data/glmnetUI/).

7879 EZ E 7} o]u] A8 F . 1sof -ti:7879 | xargs kill(macOS/Linux) E &
Stop-Process -Id (Get-NetTCPConnection -LocalPort 7879).0wningProcess (Windows
PowerShell) & A 3j5}2}.

|
Friedman, Jerome, Trevor Hastie, and Robert Tibshirani (2010). “Regularization Paths for

Generalized Linear Models via Coordinate Descent”. In: Journal of Statistical Software 33.1,
pp- 1-22. por: 10.18637/jss.v033.101.
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Simon, Noah et al. (2011). “Regularization Paths for Cox’s Proportional Hazards Model via
Coordinate Descent”. In: Journal of Statistical Software 39.5, pp. 1-13. DOI: 10.18637/jss.
v039.105.

Tay, J. Kenneth, Balasubramanian Narasimhan, and Trevor Hastie (2023). “Elastic Net Regu-
larization Paths for All Generalized Linear Models”. In: Journal of Statistical Software 106.1,
pp- 1-31. DoI: 10.18637/jss.v106.101.
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mgcvUTL: mgev(AE2 71 1q) 7| X E 9t ety
AE o)A (Rb=rold)

B0l MR, AFAS0) £22 Wol Welsly BRIt ARG GEwe] AR

William Bert Craytor

A1BA1S - 2026 & A&
aed: 2026 U7 E 1Y
DOI: 10.67330/xtv1pa25
© 2026 William Bert Craytor. Published by Pacific Vista Net.
o] =it &F AN AR FANEH ool B A= AAAEA] 4.0 A 2to]d 2 (CC BY 4.0)9] e w2t
H s H Yo}

2=, mgCVUI = Rmgev 7|2 E 95 12y /\]'—QLZ]' QlE]H|o] A (graphical user interface) ©|Tt.
mgev + AHs HE L AH (smoothness selection) = 25 W 3] 2Z2F?] (penalized regressmn
spline) &2 AF3S} 71 T (generalized additive model, GAM) & A &3ttt mgevUI &= §
& dF 2dgy B AL AR 24 (market-area analysis) o] Al 712 54 & &
A&otH, dlolg 7FA42.7], &3]} (smooth term) A7, B A, et 2 2 g3 79 =2l
HA Weidtz]of o2& 32 AREAA| QFURtt:. E1+= mgevUI 9] Hlog P4 97, &
9 2] 58, 29 e, 1e0 A A% A2E SAsT

AN9I=: st 1Y B, GAM, B A2 BES meev, R, 17 A4 AL o] 4, 2
S48}

O

gregel 3 (2026 @ 7 9): A4 FHof| mgevUI = earthUI(0.11.0 ©] % ¥ ) of 5315
Rom, HioA dgst= GAM & 552 |4 MARS ¥ O*‘E}*E] Li 2 E%F} =

77ﬂ earthUI oA AlFHth mgevUl & 2 82 (0.3.0) OJEHE https://github.com/
Wcraytor/mgchloﬂ A& FNE ] Qlom, FT - earthUI oA o]oj Xt} Eil= v L
= A 9] mgevUI € tHEt.

=3}
1 AE 4
1.1 SGARRFERZE 4
111 GuRSF 7V B 4
1.1.2 mgev INZIA] L 4
1.1.3 MARS(earth) ¥ d2tAE Ul (glmnet) O] B . . . ... ... ... 5
1.1.4  earthUl-mgevUI DOl . . . . . .. . ... . 5
115 BRI TE 5
1.2 mgevUI & & 04017}? .................................. 6
1.3 A 7FA B& T 6
14 HZA Zd% 4 6
L5 AIRRFSEZ] L 7
2 MLS ¢9 dojg 94 8
2.1 T FAITF L 8
22 AW RES HQSHFA L 8
23 EL Gy FE 9
2.4 l ]E1 ”7“4 QEAA 9

2.5 WA SO AR L 9
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3 HEg RCE 10
31 TNR 10
3.2 APIERFZA BB 10
3.3 earthUI oAl 7FH Q7] (A= ARY) ... oo 11
34w mE V] 11
3.5 AR GA L 12
3.6 TFEL HE 12
3.7 BEALGI A AR 12
ZAG7 n e 14
4.1 A SO A=l 14
4.2 714 e A 14
43 EF DA . 14
44 RCAZH NG .. 14
A2 B4 BE 15
5.1 FAAWEZF REQFO] ZFo] | L 15
5.2 AR RES ARESH= 4 15
Hay A 16
6.1 SIWHS L 16
6.2 HRSHEAS WL 16
6.3 CGISHE T . 16
6.4 ©lole 5 FXL AMAA L. 17
6.5 EF G R I . 17
o4 A 18
70 R TEAL e 18
7.2 Family(BXEZ) . .. 18
7.3 Method(®0H) . . . . 18
7.4 Gamma(FZ %—’F) ................................... 18
75 WAFAS 19
7.6 Select(F) . o o o 19
T ZIE VA 19
7.8 ZIE K(ZIA AFY) Lo 19
7.9 BA S L 19
700 S ATARR 20
711 QQUH W AGAG 20
TA2 T B 20
oy A 21
81 Fit HIE . . . 21
82 AT Fof Aojub= A | L 21
83 Wil AHoub MY AFSF L 21
A7 9§ 22
9.1 Data(HlOTE]) . . . . .. 22
9.2 Equation() . . ... 22
9.3 Summary(8SF) . . .. 22
9.4 Variable Importance(F= T 8IE) . . . . . .. 22
95 1% LB L 23
9.5.1 GWHSTF HET — s(z) . ... 23
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9.5.2 Q2I'H J& — s(x, by = factor)

et — s(x,by =factor) .. ... ... ...
9.5.3 ALY — ti(z1,70) Y te(w1, 22)
954 P —AJFHR QAT ...
9.6 Correlation(Z3) . . . . . .
9.7 Diagnostics(ZITH) . . . ...
9.8 RCA Adjustments(RCA Z74) . . . .. ... ... ... ....
9.9 Anova(BAMEA) ..
9.10 Mgev Output(mgev &3) . . . . . .. ..
9.11 Sign Check(FZ HAA) . . . . .. ...
9.12 Concurvity(&=44) . .. ...
9.13 Basis Check(ZI1A HA) . . . . ... o
10 HlojE W=7
101 2D ..
102 CQA - . . .
11 RCA At =27
1.1 RCA PSR A7) . . oo
11.2 CQA HE& B2V
13 EH G,

12 7| Ateel e T2 =

12.1 BlA] A SR
12.2 BEEA LA
123 ANE BSQF 22 7. 0 0 0 oo

13 HA =7

13.1 1 9A: Quarto XA A .o
13.2 2 @A Quarto A WS 00
133 BOA WS ..

14 2 g4 HHY7]

4.1 R ..
14.2 Python 4=, . . . . . . ..
143 CH++ 39 . ...,
14.4 SQLite BloJEIH|O]A . . ..

15 earthUI ¥ glmnetUI 2}2] H|

15.1 FQ 2O

152 3% 7%
153 4 A4 55

16 A|A-E dlo]gAl: Appraisal_1.csv

16.1 AT
16.2 G
16.3 HFE AJZF oAl

17.1 AlY EHE

17.2 RYIA .,
173 DR IGZVIA] . . .

17.4 A ERA 94%/\61

R B |
175 ZEREY SOl A&} . .

25
25
25

26
26
26
26

27
27
27
27

28
28
28
28

29
29
29
29
29

30
30
30
30

31
31
31
32
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17.5.1 macOS. . . . . . 34
17.5.2 Windows . . . . . . . e 34
17.5.3 Linux . . . . . . 34
176 AAZ 7% S48 .o 34
7.7 BRI 35
17.7.1 “PDF option is not available” . . . . . . .. .. ... ... L. 35
17.7.2 “Settings will not persist” . . . . . . . .. ... L L 35
17.7.3 “Diagnostics plot unavailable” . . . . . ... .. ... 0oL 35
17.7.4 “Report error: number of items to replace...” . . . . . . . ... ... .. .. 35
1775 EE 7880 O] OF] ARG 5 . . .. 35
17.7.6 Linux oA ofZ7| 2] Ax] A= . . . ... ... 35

1 ME

1.1 GAre} 87
1.1.1 gutst 71 2y

AurS} 7 Y (generalized additive model, GAM) % Trevor Hastie €} Robert Tibshirani 7}
1990 @ A Aol A Falstet Bgoltt. GAM & 2 AdT pz; S BE 4 (smooth function)
fi(z;) = dATOEN AY BES SstH, By E}%ﬂr a2 =7t %E}.

y = Bo+ fi(z1) + fo(xe) + -+ fp(zp) +€

ZF f; = EA 219 22 (penalized regression spline) = ©]-83] glo|g 2 e FAHLL,
olelgt W o Eo] WAL AFRAT} 4 Fehs vle] AGolA] glob HlaE BAZ 12
&4 odnt HHe 4 38 =5 A (ngghneSS) £ Alofste], AA| Hiele whahd vt &
A4 A FRA TAte PAT

1.1.2 mgcv H7|A

R 7] A mgecv(Mixed GAM Computation Vehicle) &= B2 et 2] Simon Wood 7} 7HEict
(Wood 2017). 2001 de]l 2-& 37 o]F A= R |4 GAM & Folohs BFo= A2 Fst
ow, BE R AL S MiEFCH, 7 7|9 2o obgAol thE WaF ma 2 (Wood
2004), HFet 2] AZ 2] (thin-plate regression spline) (Wood 2003), HH}E_]_ oF Aol REML
F7 (Wood 2011), Wt & 2’5‘5194 A" (Wood, Pya, and Siifken 2016) 5< T ¢H 9] =&
o 7l&Ho] At 8 7] o thegt 7}
o A5 HEX AY (smoothness selection): Z+ 0] H& 4= By Aok ypgo] dH =2
45, REML(A& At/ k), GOV(LRHE 224%), ML(Z e
g,

M >
o TFR 714 {9 B ol 222 (tp), AAF FAH AR (o), P-2EFH (ps),
B-2~Zg}el (bs) o] Qo Z+7F Azl o] u]-_E_q
o BIAF HE: te) 110 & i}%«l A3 glo] W= It e J o A& T
o W AE: select = TRUE &4 TQ%“‘% 002 £ZAZ 4 QL F7 AL tsty
APAAY W4 S 2~af st

. AL A (concurv1ty diagnostics): B&Fo|A tt53Adel t-gste 4= 574

F

J

<k o
=
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1.1.3 MARS(earth) 2 dztAE Yl (glmnet) 2] v

earth -8 ZT=2 153} T 7j0] S x2] BE (glmnet ¥ mgev) <= A2 OhE RElE] QXS AME
gith. b EE 8 ZfolE okt Aotk

EA mgcv(GAM) earth(MARS) glmnet(d2tA ¢ Ul)

oy 79 Hehujdy (Bd & A AY (Fe A& AY (2R 48
E29) E2Q)

AP A He o (vb A | dlolg IR e AR AgoY 7] &
) 5l As A | 2= A R A | FS FAAT s

A2

B g ol HY &= GCV 7Hx|71& &5t | [y HH (2F&) & 5ol
(select=TRUE) = & | & /=7 dAH Bk
et A 75 Ao 2 A

Aoz HAF H2 (te ), Q12 7|18 F (sfA 7F | A WA (slA 0]
tiQ)) 5, o 3 2 ol 33)

4 7543 Heot FEY A | T HaEE A Al A9 7 Ao
o2 uje AHH HoAyg BEguE R | B2 JE Aol 4

o &

AGT 8= BT 0Y DA, & o09aT ege]  nard dojd, wa A
Qg mele) A% 9] o, 4

RCA 27 HFEgIE St HE | g S M | HeE Ay 24
z3 g =4

A9k A o] REML/GCV H& & | GCV 7[5 7}A] 2] 7] wabdSE
2 =)
T T 7o

MARS (Multivariate Adaptive Regression Splines, tHH & A-§ 3] AZ2kQl) = 1991 &
Jerome Friedman ©] Attt o] ¥ 31%] o9t 1 53 A& dHlolH 25 H-gH 2o
2 AEste] 7 A Y-S =3t R 732 Stephen Milborrow &] earth 7] 2] o]t}

datAE Yl (elastic net) 2]F]+= Friedman, Hastie, Tibshirani (2010) ¢] glmnet 7|22 -
dAxjo] Qlom A (L) oF RHA| (Ly) S Aot W4 A Al 52 FAof 438

=

1.1.4 earthUI-mgcvUI m}o] T e}l

earthUI ©] ZH5 W53 BT} mgevUI o] B& 42 Aoty A=t 2414 550] whaolXith
earthUI 7} .rds A7 U2 WH WL mgevUI 7} o] & 7 .
I carth 7} TIEHS SOtk MARS & 7} #iZo] cfs Hlo]elo] luat 71 S (3
k) § #e=th
2. mgevUI 7} o] & 7|3 08 ARE]tTh — car =
2HQl (cxr 71A) 9] Bigo] Hu, tlojEl o] AA| F2E Hhg
g5HA LA
3. mgev 7t AS Awdgity - HY AEEQ FAHL2 earth o #7HE Ay A
A th501, earth 7} IS AW JFHE FAISHHA & FEad 34
=

o] uolmatele T BUe (arth) T BH5H LW (GAM) & o]of 1]

o+
=
lo
=
Ir
oo,
Mo
)
o
=
=2
X
Js

[
=
(9)1
s
o
2
2
o
ol
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1. earthUI 2 A]Z&slo] H|o]E of| 4

o] 2bF 714 e} o= ST 7] TS ARt
2. F2aWE o jnEA HEL AH mgevUI 2 F8ett earthUI 9] i8S
mgevUI 2 7h @ 7 A3 BagoA 58 1y 27 o]sh3F 2= 9oJr}.

=
3. BAM W A () o] MR, o o]
2 o), B o] K54S S1s) A s 25 A

AH-g-3tt.

1.2 mgevUI & F3IQI7}7

mgevUI + R mgev W7| A S 4% 1o AREAF QI Ho]~o|tt, 24 Shiny &8 Z=130
2 AP 2730 AH, Aol I gtk R oA A3t F Hlo]EAl (CSV = Excel) = 7F
A1, mRL AT e dsFoR GAM & Aseln Het

A B2 7O 2 mgevUl = © o] B2 A5t 7127t ofHth mgevUI =
earthUI o} 7] 2] Qtof] GAM $*|2] 52 ZJE|o] Hi L™ earthUI: :launch_mgev() = A2}
ottt S8 T2 A9t Bale] A E RE Y82 DebA]A] gk, Ax] 2 A gEgut g
ST A 28 (carth, ghmet, mgev) & Sh1el T2AE Eel shiel 43 doleuoel s,
el A9 Qe RS THAT.

Auis} 7y mge 7} o
22 oujgick:
. W5 WS ART West Gt — 2 ¥AO) Feit deolg st ARet
. W BEaa 7} Sus

1.3 Al 71A] B4 &=

R ZRAES = 53] (purpose) O] .2H, o]= Ato|=HE 1 A (Project) oA Z2AEZS Y
A o A o]Fo= 1 FHY. &4 TRAE S HHof mp} o] Lot QlE|Ho]A g4
7t Uetd=2171 438 H o o8 BE2 Aot ofd 543 713 Z2AES A= wtEAY
dojof gttt A 712 RE= thg3} A
« General('#8) — 2§39 BHT E= dloHA| tigt GAM 2|24 o]t} 7]
ColH, 2ol 271 7]5 glo] GAM &4 55 HAE Aluect.
« For Appraisal(#@F718) — &4t FFH 7] & GAM A=A olth. i &
A AE B4 d A, 2H2F Aok A2 (Residual Constraint Approach, RCA) 5 &<
54t oo E8HH 7]5-S SRR
o Market Area Analysis(AZ 2] &A1) — AFA Y Ao 2rE GAM 3] A&EA ot
FolH A W B4t J-E 2EA5H] 918 752 U1k, thd & Ags A9 AR
ojr}.
Al BE BREolA 4 BEF Ax-2 Fdstrl. AAY mgev::gam() = & GAM = A
ettt 54 442 ojd Bt Lot QlEjHo] A §

H

=

1.4 54 A8 7%

For Appraisal £+ Market Area Analysis & A8 5HH mgevUl & B354 242 98] 4
A A8 715& 48kt
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%Zl\‘ oaﬂ X] 731 — 7—1( Cxﬂétﬂ—?oﬂ% contract_date, dom, concessions, latitude,
longitude, living_area, lot_size, actual_age, effective_age, area, site_dimensions,
display_only £ 54 &2 AT 4= AUnt. o] 242 At 3 &8 HHolA s
A= oA trEAE 2ATH.

Sale Age @ — ©]H ¥0| contract_date 2 A HI 7|+ (Effective Date) 0] ﬂ%’-
HH mgevUI + sale_age & (WML} 7|2 Atol9] d) & ALtSHo] dSHa= o
At

RCA At (#7887 2= A§) — dAE7I REAME 2F A F mgevUI 7 142t
Ak HH (RCA) &8-S AT 5= 4
23 ot BE ko] 24 ofulslAS AET)

_\1
o,
rlr
=
=1
>
4,
e
EX
o
M
~Z
o
EX
o
ko
1=
[

1.5 AJZst7]

mgevUI & AH&-ohe H:

1.

© o

. WEAT — &3S Excel 2 WEHEAL Quarto RHIAE A5t MgkstAY (

R oA earthUI & A X|3tt}: install.packages("earthUI") — mgev FEO| &7 E
o] Ut (7HH} HA Y Aefd] LA g Aof TeflA]= o] § earthUI +==2] “Installing
earthUI and vProlog” A< 7*1_7150]'3]'.)

o8 T2 3-8 APt R oA earthUI::launch_mgev() & APSrt 2 4 BHat

Q2] A ZE 7880 o2 IAT}.

. ArolEHE 1 HoA ZR2AEZE WEAY Aty T2HE = 254 (General, For Appraisal,

Market Area Analysis) ¥ 2 12| (57}, 5, 7F2E, TA]) 9 &4 Z26& A4}
ZZ2HE = FF regProj FE ofdfjof] A= ™ FA| 42 earthUI, glmnetUI 91' R |
o} o= %xq 0 71 2 AEE of= o] REE AHSlst= H]-qu]r/]-

2 AojA &g Z2AE ] 8 EH 9 Yl CSV B Excel TS A= HlolEE 714
ot} olg Eolo] 5ol #7195 Refresh & 22517 B2 o EAHc

. earthUI oA 7}H Q7] (A *}f’ﬂ) — 3 Ho AL carthUI 27 .rds Y-S 7149}

earth 7} TR 54 0= GAM & Z7]8F & QUth. earthUI A7} QIehH o] @A =

74L14E}

HyE T4 °PE} %&ibﬂfrfﬂr AEHpE AEstal, Holy 3= 24stH, 54+ 4 9
kS 21 4ota, M5 99 (factor) = AF o2 TATITLY,

mgev 245 AATITE — family, method, gamma, 714 59, k, &4 53, 4528 9
718 HA& 29

L E.?J%PE} “Fit Mgev GAM Model” & Z2lst1 wol Hido4] 272 A&

7} REOA) RCA A ]9} ujufjAtg] 12| =5 AAgich

At
‘2742 SQLite HloJEfH|o] 20 Ago 2 AFEM, Fdt A wtde oA S92 o 54

et
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2 MLS 92 dlojg 97

BEA PR N AREA A 52A A2 dlolel BE O thE A AU A (Multiple
Listing Service, MLS) WEW7| oA oA L2t} o] 4 V‘ﬂ% A== oY +E2F mgevUI 7}
A8 5 = 9E AU

21 T FAH 72
mgevUI = CSV ¢t Excel(.x1sx, .x1s) T2 dropEltt, 714 7] A] € o] §2 A5
2 snake_case T H2tHTH A& E “Living SqFt” += living_sqft &, “Contract Date” =
contract_date =, “Sale Price” + sale_price 2 vt} o] AstE & ;q.oq S5 HutefA & o
F2E dBHA FA6] Eoh. 7EH 7)ol AHEE= CSV F2AF A4 ]i% =AY 2474 Oﬂ
whet AY =T (3 4 “Locale & Regional Settings” 33,

Hlole] SRl BEAL g 7lo] ¢ W, &4 ShLsk ¢ Qe WY wojof aick. welo] A
O BHEA] & sfzl2o] 9lolof g,

2.2 AAB7 RES Wag @

mgevUL = oJ® & Zoto|Ax 25| at, Attt A 87 24 552 9l oh3 dol 3o
stk
4 55 73 = ‘
Sale Price (HEHS) o] Hh-g
Contract Date contract_date sale_age(7|=UZFE O U) ALl AHE
Listing Date listing_date | DOM €o| ¢l-& wf ALyt oA DOM Al4tol| A8
Days on Market dom A &F i% Ao HRWYZ|of ZAE
Concessions concessions ol QFo] A, Sufulj7} = ojuf7pA — QFofol
Living Area (SF) living_area | SWAY X2} (residual_sf, cqa_sf) A4S 7Hs
ShA| o
Lot Size lot_size oz 2 <
Site Dimensions site_dimensionsfZ| 12} A HY
Latitude latitude _1_—/]\—7,‘3 3 A2 H]'
Longitude longitude 4 3 2= ‘ﬂ'% =
Area ID area /\];é}z]gu/%% APE2E
Actual Age actual_age —‘?—%/& o] AA| A
Effective Age effective_age H&4ro & A
Address display_only IHELHﬂ o= BA|EI R AE= ALH
ATAEAES A ol8L GFolofE Tt} “E47 o]Bo] Folel ol fi R T2 1o
o Qe Sl AT > UwS o] AsAClT. 1 3] Aol A8A} Foig o ol&
ol 3] By, Iz, 1 AAPIE /\Oo?% o= %3. HiAe] I FAHT
RE do] WAL bt} mgevUl & A8l o] AEokv], o Fol o g 7|
bty T o1 B fk % A5 e
1. Sale Age — Al miui L} 7]EY Aol o] A4= of 2 dfjof] AX wjuf 0|25 AT A4
sale_age 7} A4 TS She 297} mek,
2. Living Area — “Living Sqft”, “GLA”(gross living area, & HFHZ) 59 0|52
Edot
3. Total Bath Count — A7, 1/4, 1/2, 3/4 848 %= gt 74
4. Garage Bays == Garage Area — At1l £} tj4 E= HA,
5. Lot Size — F-54r0] Ex] WA,
6. X214 713 W5 wdst7] 93t Longitude, Latitude, 12|11 7}1-551tHH Area ID.
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mgevUl &= & o] 8o] ofe} 54 43 AFo= 9L APk MLS YEU7] FUo]A @ of
22 gott Y Aoj= J
L golrt.

2.4 Holg F23} &4

o AZF (NA): dISHsY E3HS dojl NA 7} Q= 32 A Ho A5 o2 A AT
mgevUIl = B0 AFRE = dut &
L o AHAE do7]A] L=t

Factor AZ8A8 4u)g2 wolgh 8.91o] Ak mgevUL & 59 g
Foleln FE5 YOO E, bath_count L O £ G A ZWLE A4
o) o2 §AHL S5 9T AL 2ol o2 ARv Tyl

E&E: 7107 & 9=
ATH NA 7} 50% ©174<]

ne rk
rlo
E R
1o
o5
ng

2.5 o4 2] AA

Appraisal REA L 1 o] HIEA] A} EEAto|ojof gty U] & % H|w ufujAtd]
olct. ol e BY Al ASlEeh. A Folw RAL AV Fo) et o Zzre AT}
Market Area Analysis R =0 A= thAS 1 Pof] F= Zo] A= Algo|tt
General ZEo= EW3L ) A7t ¢glom RE o] Z=6H HIHH
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3 He

3.1 78

H-& (General Purpose) B E+= mgevUl & 3PS ©9] 7|2 HEo[t}. o] HE= Bgite] =

2] oAl of | glofEfAllof s M = &%t GAM 2% 5= AlFedet. wet HlolH, AT &

4 B Q78 va BLP B4 WAV AIRE RE 517 BA] mgevUl £ A8 5
‘Rlﬂr

General 2= 17‘:— 54 A8

e

1% (54 4, vl A7, RCA) o] QIEjmo] 2ol 4] ek
Hc}. Afo|Enbs W4 A F

, 2% g YEU7)o] HEotes 7hastE.

3.2 Afo|tH} AY 55

Aol =t W57} o131 ol ) BER 4slol TRAE Je B1A JEIIAE
Z2A 5] Qe glojof el 99 Ao ZeAEs] B o
@4 meAEdA fEum Wro] 22 B0 4L Yt

1. Project(Z2AE) — T2 A EZ TS AY At T2AE= 23} 249 93] (57}, F,
7t TA]), 281 42 &Y (<os>_in/) &t 8 EGE A3t Z2HE = FF regProj
FE (7|23 ~/regProj, REGPROJ_ROOT 9]'73'?5—/?—14' Settings EETH>-C2 WA 7I5) ofefof A
X*Qj FA BQI earthUI, glmnetUI 2} F-FE B2 Al 2] o] Uzhs] oA Hrt. Hekst
2] Close Project = %‘j:], st}

2. Import Data(d|o]E 74 27]) — &4 Z2HE ] QI i‘ﬂ Oﬂ"ﬂ CSV = Excel o+

S Aegitt. Finder/gM 7|2 Ztjo] 1S 715t 5 Refresh & Z25tH »E—EOH A H

1E7P o Q] Excel THofl= A E A 7|7} Lepdtt, E o]&2 Z} —i snake case = H
2hel o},

3. Import from earthUI (optional)(earthUTI oA 7}4 7] A&} AF{}) — earthUI 21}
.rds LS A9 earth 7F A viFH 914 (H ®ig AE AH) = GAM & 2713513t ©]
A= A Aol 7EAE earthUT A7} glotd v H}

4. Variable Configuration(f5= 14) — E“tﬂ/\ /‘*947] JF-S-
712]3 Include, Factor, Linear A|F A7} Q1= o= At
7} Market 2ol A2 LFeRdTh 2t Y82 6 XJ% ;Q-}_a]_g]—.

5. Mgcv Call Parameters(mgcv S B4 — 4 Z2A family, method, gamma, 1

AF, select, 714 719, k, A4 79, 248 39, ilg B4 5 2 29 44& etk A
A B Fze 7 Ao oIk,
6. Fit Mgcv GAM Model(mgev GAM 23 A9 — RS Adst= HEolt}t, A=
QEZ dlo] AIH

7. Download Output(% 2 W2itr]) — oS3, AR CQA A, W 7] F Excel
ole mRAE ] 22 Bri] EUL REe A4 AL RE BH nsdq AT 4
9},

8. Calculate RCA Adjustments & Download(RCA 2] A4t 9 2wtr]) — Z+ v
WAt o] it " RCA A& AlLkstal CQA & &3l tid9] ;ﬁi}% HZIRE. Appraisal
¥} Market TLE o] A 1—1%‘ |2t LhEpd

3} (none, log, logl0),
Special G- Appraisal

9. Generate Sales Grid & Download (WAt Z12|= A4 9 f2utr]) — FXHES
7oz H WA E FASHAA ARAE W T2 =5 AT Appraisal EO| AT LrER

o}

10. Generate Quarto Report(Quarto A g4) — E% OHy 25 et Ay
Quarto(.qud) H1H $&S BRAE0] F2 Brlo] A4eTh BYS AT 5 A48T - 9)

o,

11. Convert Quarto Report(Quarto 2114 ¥?H) — AAHH .gnd 5 HTML, Word,
PDF & #ltj g3ttt PDF & LaTeX AX|7F BastH, A7} 42| =% 0¥ PDF &40] =
AZ 13 A& FFxstet
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OhE REoME F24E SAZE A=FE AL Y x| @A o fe7t A tA . Market 2E
AN = mEiAR 2= DAZF )11, General REOIA = RCA o miiufjAle] 12l= @A 7} =%
slet.

3.3 earthUI oA 7tH Q7] (A" ALY
/\]'O]EH]' 3 A Import from earthUI oA+ earthUI 23} .rds Y-S 7142 4 St} 9]
£ 54 carth-mgev 30| Ze}elo] 7P5 ot Z carth 7} Hlo|E 2R E Zobh ulEH 9177}
GAM H&3}e] 7|&H o] Hrt.

earthUl Z7HE 714 W mgevUI & o2 333

o ZHEHS BAAST (R-squared), T2 7, Hed vi5H 9IAE B FE 2= B4

Eli=g

o “Earth Pipeline” 24 Al (A2} 27 A&l 7] A, gamma = 1.4) = A5 o2 A
6‘]—I;]—

. EEWAE carth o BEWZ} 2740

o earth & St ‘:H Include & U]E‘J A eH

| Hsh =g

o carth o] W53 WHEof 5] Factor &, earth ©] A% & ¥ 4o 5} Linear E 7] A
|2 g

. carth 7} BAE EAES vlE Aot (452 BN DA O F2E|v] 45
Aol Att).

e earth & | 5HE CSV ot 2 Y-S 4~ 2= Export Knots CSV HES A5t}

A W 74 ®ofl= W A (Include, Linear, Factor) ¥t 252421 u57 9] earth
FollA 27|12 AR A= H7F et glmnet 14’5‘01 carth ©] 7| Aol 5o QL
glmnetUI ¢} ©2], mgevUI &= @A A& A vie o2 GAM & gttt ecarth = W4
A& ol BE Ao Fu2 AL HAS 4= Sl

Clear H£2 7}4-2 earth HIO|EE A|Adta =54 A8 HER E|EHc)

l

3.4 W3l g H
dolHE 7tAHH HQl g th3 HEo] Yetdtt (o] oEsh= H2 A3t Sof 23
oh):
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9 g
Dt TS TIO1EI o] TSty DataTuble, f9 /1 5 AIY SR Ty

SAF e} oW oA B2 2elH

Equation MathJax 2 @it]gH AA GAM A2} P2k b= Aol 1.

Summary T8 ZE (R?, CV R?, AYH olE:, AIC, n, B3} ) oF &gt/
=9 &

Variable PEAF (B8 T 1] &k (25F) o /12 S adn 2 £9] 5

Importance

Contribution A2 7F w @} earth W54 EAS Z3SH 3 plotly B FE G v
4.

Correlation T2 ASHg AT olEY (A9 Mok A 7Hs).

Diagnostics ZEAF of Ak Q-Q 19, S| AR vhaH s off Agk (gratia AHE).
ASEE A S A

RCA RCA &4 S| 2ETH (AAE7H A HEoA A4t ).

Adjustments

Anova Hpobit gahehs oA @2 ANOVA .

Mgcv Output YA HAE: &g AZH A0 HY QoF family, 344,

Sign Check earth @ GAM o] ®aF U] o & @74 (earth & 7FA2 7).

Concurvity Ao g2 JLRE jiﬂ 2 4 F2 A .

Basis Check gam.check() & 7|A A AAA HA.

3.5 A7 A

macvU1 & 9 54 0152 712 shel 44E SQLie HelElol sl A A g ot
Ag A He oW BEES N, A0S AT dol8 47, mgev 24 TS P
5 BE 4o] Budth. 4L A o] ofuet B4 L2AE o] SAo|n, nixjutoz At
8¢ 912 wjge mRAEYR Jolso] XRAES thA G o) AHFog Bejehirt,

3.6 Tt &

QB2 9 HA 9 /9 oto]Z-& 225t Nord Light ¢t Nord Dark H|utE H&a 4= Qlrt.
Ha} A2 localStorage ol A E]o] Aldo] v ol {2 Hct. BE Ul 8471 A3t gnpo
g0l v,

3.7 2AILH N Q 44

mgevUIL = =7} 7|8 2AY AAE ol FAZQ0 =2k 9 CSV FA] T E A Yt A= &
AZ9] Settings =& TH>0ll+= 30 7H=F o4& 2| ¥5h= Country £t Paper A€17]7} Qlt}. Z
wAe ohgg A

o« CSV FEA — b= /g=/dE2 4% (,), 78 dEE2 AuZE (;).

. 220 AT OPE () TE AT (,

SRR AE (/97U R), 0HAR (S ool M), B (R

E/mAh/BUHE I 3 ), Fi oBEAER Y] (A912)

. 87 A7 Letter(F13 Ao HAR) B2 A4(L 9] A%,

Save & 2ol ZA|Y AAo] Aoz AAHTt Import Data Zolke H7F of&2 ‘?:z]ﬂ
A 7t 715 et 1td ™ Locale A8 7]7F Qlt}y. 22 Settings = E]'—-—Oﬂ regProj &
Zr o] 9loH, o]= mgevUI, earthUI, glmnetUI 7} @7 AF-g5t= 37 T2AE EﬁJ
2 vk

—~
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T O 53 7|7 2] 2 P42 2AY Tl AFoE 2AEY. 5Y 2AYS
A 9ol B R (200.000), BDHEE T (200 000), AUAE OFEAERT (200°000) S AR
gttt B3} 715 E BAIEA oW, mgeUI = s3] Aol

rr
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24 nAEe] S2o| For Appraisal 9 B mgevUl = &) 541 B7po] B} 2imS
TR 3 FoA AEe BE Tee TR AR 5 9lor, o] FelA= A B7r deL
2 F7HH e 2 e

4.1 7 ] A=

A7H 7t HEJ A= dolH A 1 o] thF Fgitolal x| P2 RE vl wjufjAte|olot.
A mpde Tof g sl ofof et (2 ax ) o) sz EA -2 w9 A of gholut
golk Ak mgevUL 7k A A A o] AF 02 NA 2 A5} EH °|t}.

A § 5ge o4 Aol ok el St A s, o] Zle] RCA 24 A% 559 FUHol

Hrt

4.2 7143} oo 3t

7737t W A BEo A= B4 74 Ao Effective Date(7]5 <) d=dho] Yetdtt (7]
2o o= I, Special & Lo A o] &S contract_date & A ASHH mgevUI &
sale_age &, = 2} wjinf < 7410“”4 71%9 Afolo] HZ ALE AL} o] FL d=HeE
Zohact

4.3 54 4 A4
AW 9 A REGAE WS T4 B 7} oSS utet Special EFTHEO] YEdTE &
TR 1 avtel] ek AA Fxt 6 ol et

4.4 RCA A 78

Calculate RCA Adjustments & Download HE (Z4AE7} 9 A% LT oA Ag T A
H) 2 i tiE] ZF vl a At o disl Al olA =EE RAXE ALt HA| RCA 29 &5

2 11 Fof|A Argstrt.

S8 digo] RISk Q4 ASE A RE 5 AntAIE el ASADAE Hewet
A% 5,002 WAL HlaArEE ] Fatel 97147
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bl o W_ do = B To
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7 ) be N
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42
ofgA th AAAE HsH= olct.

6.1 ZHEHS

4 4 A0 Target (response) variable EE5TH2o= Hlo[EAlS] & 4=2]3] Ho| YA,
1% shtE ¥ (o miuizbd) = dEtit, 53is= A4 H 42 ASHS 5504 &
Fo2 AolHrt

6.2 HH-3H4 ¥

SR A7) ol ¢] Response Transform =T Al 7HA] A ]S A|-53tct:

« None (raw) — SF-3HFE A2 ARSIt oS4t BRH40] TAI7F def A=
NM A= 7PHA L off 25}
o Log (natural) — g Mo A7 Ak Hgotrt. gHE A] 227 A ($)
o] oo} 51 () ol S5 1 Setel 0] 714
o712 o] 53] -85ttt
« Logl0 — ¥°] 10 OJ =1 HgS 281t

E°“* =21 Hee AY 242 A () tAl Hle (%) = HES. ZHAT7E WA 2E 7
A BYolAE 21 Hgho] ¢ M A FAE BE AUt B

27 W3S AHSHE WMy < 0 2 AF0E ARAL BE 29 (27, 7o)k,
A% ¢ AFoR g Hrz st
6.3 dZW4 E

L/\

E¥S 497 ofdol A mE
L R IR

g T |

Variable dolg (A ZE, W I u2 ). "HFHrt e 7t

Type dlolH 79 E+&th-2: numeric, integer, character, factor, logical, Date
POSIXct. HF27t Q= EFTH-R.

Include AFHA — o] 42 BP9 o ST, Zokettt AR vg|=.

Factor | AIZEA  WEq g0z Faeit (uit 2R ASE gEdh. A
2.

Linear AFErA — Ay TAE AAR (HE glo] gz o). A= HE=.

Special EET (AEE7HAY BE AE) — oY 54 4 79 X E Het HF
27t = EETH

hs AZgko] Aaot ng. Ao TEE WY (350%), 28 (220%), G4
(>0). HFg7F = 7t

Factor il B& o Linear: 7| 2202 Z3tH £2g HAgols BEY f(z) 7} FoHh
Factor  A€stH ®F8 g (=ulth A5 sk o] 9h=o]XIth. Linear & A® o B of
Al e AP Br 7F SO A T} Factor &} Linear & 5 BEA|RF 4= Factor 2 FFHTH
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6.4 Hl°olE ¢ Bt A=

. °
g do] QA F}. Type CEIHES v17H &2 AE Qo= 4A 3T
W o5 do] BYol A thRol At YAE Pebalct.

o weight — P52 7F5A] & (SR A4 7hs. 7FSAI7E0 o B2 AeellA Al9ld)

g4 g A {1 9:

o contract_date — 7|FYUZHE sale_age & A5 L2 A4tol S 3Th

o sale_age — °Ju] A= o] Q)= win) A & (VIELZFEE] d4) S AEsiH, T
= AgHr

o listing date — Al k& A5 AL w9 4 o2 ALSHTH

2~
T
o dom — A% k& Y4 (Days on Market) @<= A'H3tTh
AZE 79:
. sale_type YT} HW oS FRSIE dTs £9 9S Aua
39 43,
o concessions — iU Qo A (Wil YA, w4l 5914 F) & AHEIIT}
72 U 947 9.
. latitude — 7] AT 457 3 Az e}
. Tongitude — 91w} FUT WEY A2
o area — AIA| Y B 29 AER}
e living_area — TIUHT X2} A4t (residual_sf, cqa_sf) & 7}s5HA| gheh
e lot_size — tiA] 72 &
e site_dimensions — TJA| &

AN O
da F3:

ol

S
o
=)
Hd
ro,
Kul

o actual_age — F-&4F 2
o effective_age — F54IY & A5

A 7+9:

o display_only — Sd &2 Excel W 7|ol= ZE 2Tt 2o Ao A= £215] A<
"ot F4 g5, MLS 912, B4 ID 59 &= dlolH o Argeitt.

1o
>
2L
re
=)s

11

T2W: display_only 2 A|FH G2 tlolgAlo]| I1hE Fot Excel HEU 7] LERA|RE o
285 Bo|AEe A5 AHEt. D 4, F4, 7|et ZX FEof A5tk
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7 By A
Ato]EHE 5 A Mgev Call Parameters = GAM o] R = A4 & AT 4 A &l Fot.
2 ool 4w BAWo] B M =28 ofol2 (7) o Ytk
7.1 R4 Al
Aol EFthRols S A S50 W A 7EgE Ao = F 7HA ZejAlo] Sk
maps 717 4% |
Standalone () tp (HFh) k = & (10), gamma = 1.2, select = TRUE
Earth Pipeline (A1 | cr (’1‘3]'74]- ﬂﬂ) k = A= (10), gamma = 1.4, select = TRUE
3}
earthUI "}i5 42 7} 2 ¥ Earth Pipeline ZE|Alo] 2502 AHHL ecarth 5
ot At 5 AAE AL 4= A= A3 A AEQ] (cr) 71A7F Q5T
7.2 Family(E£X%)
WHRIse) BESS Ausit
Family L
gaussian A& SHSHS (of: miui7EE). 7P st
Gamma wqto] ato HlFohe ¢Fe] A& W
poisson Al Az (ofl: wiHl A4)
binomial ol A},
inverse.gaussian oExOF FA 2% ko] A=
7.3 Method(*¥H)
W w4 57 Wl
Method A
REML AR AL (7124 B). I P Al
GCV.Cp Al wAAE. ohAd o B By 12= Fgo] 9l
=
ML AT7b5 5. REML 7} 858t Bgo] 22612 % 9]
=
P-REML 1 oj&~ REML ¥Hd.
P-ML 1ol ML 3.
GACV.Cp Autsl LA wAHE
7.4 Gamma(Bg 5)
gamma g+ FHE 7|Fo A FEAREO oA o iy (B 25%]) 4 fretth 7]

Bzhe 1.2 olth

#

1.0

bol
SIE=

ol

ke
hef
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i av
12-1.4 7|2HE} o7t o] wjne (EH)
20014 BN jnae — Fgol B AR AFE 25

7‘“30}‘11 (7123 ZF BBGol 1 L 0 02 $FA 5 9l F71 Eo] Hejrt. ol2H 2
v, £R614 F2 HRYL ALY BN AAR. gan0) €] select
= TRUE i :IL Fakzl=

7.7 718 7R

Bl e 2Bl 714 4 GFolth

714 A B B

tp uR 3] 9] AEeal P1E g SHrEolm wEH A7} I
Q gt Wgo = By deold

cr A} 37 2B MEES PAHOR AT S ok
carth |58 Sl W50t

ps p-2Zetsl A WL 2 57 BASe)
71A. AL w8l F

bs B-AZatel 4% B A=t 714

7.8 71 k(714 2+4)

A4 A9 k£ 2 el M & Qe A 23 AES At 0(1Ra) £ A5 2 =
5h | mgevUI = Aol what k = 10 = earth W15 9] 42 A-ggict
+ A2 k(3-5): A9 ol Fhe o vlee =4,

o F7F k(8-15): A 494 (K o] A= FESIT}.
o & k(20 °]%): UH_?_ Ast 7ot ARsly) 9l oW WAGH ¢]5lo] Qe

=% Sunmary B $EASE (EDF) £ 2 BHYo] A2 A35He AF27} AnhiA e
el Zo. EDF 7tk — 1 o 7Pt 7 A7F U R 28 & loBng 1 & Sefeh. EDF /b k Hot
x4 zoh Wakslo] MAo] & AEaly 9l 7A

_Lz
£

7.9 ®A 73
A& W4 2 F52golle F 7] HAF §9S A 4 ot
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ik 2K A

ti ti(xl, x2) A Aoahg — A4oarg gyt By
sfotal FRI= A sO ol =2
gttt siA 74 wellA A

te te(xl, x2) HAE  Zaas 13s 2% a1 A
A= P35t RCA A 9sh B

ol
el
N

N
L
n)
2
i)

7.10 5|8 A5%§

Aol4] Allowed Interactions % oﬂ% 9t
7]— X.ﬂﬂl:ﬂ-/\ oﬂEﬂO] -U-/\]Hr/]' 71— Z:ﬂ —/—\'
%

« Allow All / Clear All — ¥ At 'ﬂ

. W o2 2T 1 w4o] Bet BE 4EAEE Ak
o Wi o]F Q& 27 — “Block from main effect” — o W45 4228 A8 (¢W

ak nﬂg} A2) o2 wASH}

earthUI 552 7F4 @ ¥ earth 7} FA| g & 2H-g-0] n]e L
2 FxH). earth YP0| degree = 1(A 228 g12) = AFESITHH QY WA A 7F A LY.

Q9 Moot We Hart L 23R H M O] Factor-by-Smooth Interactions
wot ZF A 38 A= s(x, by = factor) &, & 8% sFuith Hl9 B 54

1
-~ O
i
b

FE

7.12 g B¢
Z o] Al “Advanced” AoA= 71 AL L =35t}
o Optimizer — B& R4 =4 4112 E: outer/newton(”]=4k), outer/bfgs, T
efs(Z Fellner-Schall).
e Scale — HL W, 0(7]-‘5_-%};) o golgaty 243 Tatt ALt 1HE 28]
M oteid 2re A,
« Discrete covariate method — Tf-&5F d|o]E|Al-S 93t WHE o] 413} A3t (discrete
TRUE).
o Threads — ¥ & A= 5= (1-32). discrete = TRUE ¢ wjofet g3} 9let.
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pal
S|

o0
Hd
ofl
)

8.1 Fit HE

Ato]EHE 6 HolE Fit Mgev GAM Model HE°] . o] S AA] Aoz Ko
A]—aﬂ;,]]:]_
=2 ot .

Qo
[V
2
o
ol
)
ne
9
v
rr

o,

=
Fit & 22518 meevUT &= 028 S8t

1 RS AFAT — 25T} S o4 93 s ol 10 ) o]Akelx] Seldict
A ao] 50% vleel W ATSE NA £ 71 Ho] Sushe A5L o £nt

2. YlolE 2 FHgtt — wgo] Wag A WYX, NA 7h 9 WS AAs, (1A 7
9) AEAE 4§53, (AR BEAA) A B Aojstel, e WIS A8
.

3. GAM A& PR — +29 dZu5ol BHY s(x, bs="cr", k=10) <, W74
o 2182, Linear 2 EAE Aol 492, Aoy o2 goli @AFS TE

o}, earth "5 cr 714 9] YAIH W54 A2 A4Y

1 d9] ARe AT — 4% W4E AL, o] A3 ) K
£ 172 gl 1S M groz Ajtsty, iEHol o Ead woi: gojg B4z
carth M&4-& BAqtt}.

5. GAM & AHgsttt — AE 4] family, method, gamma, select & 7]E} 29} g7
mgcv: :gam() = &L,

6. LA AP (AT 49) — B2 9 AAASE AdsH 10 4 CV.

7. RE A3 BS AT — Summary, Equation, Contribution “L¥, Diagnostics & H]|5%&
§F M= "ol Azt

8.3 #12tet A} AP A%
callr H7|A] & AFES 4= QloW By Hgho] i IgteE L2 A
53ttt olF2 Hute] Huld e 1 eujeo]of=

o AY 2 /HES Ho] F= Elojy,

s AgoR JEH FH 27 Al g, OV A AP L, o 7= AvE 25,

o WQstu A3 Z2AAE FHSH= Abort HE.

o &3 ¥ YEt= Close HE.

callr & A& &= glom Ao 5r|H oz AgHnt (Hgo] Y w7tz] Ho] HEL}.
Fit HEo]| S A3 FAZF b AE BAZEC] “R-sq = X, CV R-sq
C=X,n=X"7} EAH}

[ >
<
{12
o
i
2
2
o
X
b
iz
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9 23 9

9.1 Data(d°]€])

7tAH & HolH & 7t= A3 Eo] 7Hestkal qF Hoj x| 15 P4 FE A== 2} DataTable =
Hol 2o, A7 9 AR Eo A= §o] Subject Property X (1 9)) ¢} Comparable
Sales & (UMZ] &) 2 UF W, General ZEO| A= stito] ZFE A H T}

7t e @ E2 GAFIT & vujo] Bl B B uuAE 7 A4 He G
o] J& ol = —‘,jfo]u:a];q ortr} ot & =25} sjo] AeE| 1 o1u:q 7to|lE = W Zs5d
Ze)a) ko A WE-S Bol Fi Helo] At
9.2 Equation(/g.)
AE GAM BPE F BROR Lpiro] AT

By A (MathJa = A YH):

. FHoll sl Me (log, loglo) T AATSE H45t vHew57} BA AT}

o SHlol AWM, f(A5) Felo] BBY, 52 et BA BFER F 991, T2|1

ASare TR AFgo] A M}

e family 2} method = 4] $]of A H T}

Hg g4 A9l (Smooth Function Definitions) 3:

o &9 A FAE (9: s(living_sqft, bs="cr", k=8))
- U4 ol

s, te, ti 4= linear)

<~ O
W4 5

__SL'

\l:{o

17

o k3t

o carth M54 ¥4 (7FAH2 49)

9.3 Summary(829})

gkl oAl A 9] X & FFETF BAH T
o R-squared — A% o|gk o] H|-&
e CV R-squared — W AHZ A A4
« Dev. Explained % — A4 H o]
o AIC — opFfol# FH7|F
cn e S

L —
JE
M
o

7tE off = ‘—)r% | EAET
o HEY X — 3 EDF(FEATT), Ref.df, F BAIF, p-4t
i E_/_'Y\_'C;g' —3—]}- T —63—7 —i'—;g%}:; E—%ii}v t_%}\—) p_%}:
9.4 Variable Importance(H 38x)
2w GOl 4E FAEE Ho] T sb2 sk 1ol
o BEY: F-3AF < (s 2
C B [ 9] (25 )
29 ofele] DataTable o= %, 47, EDF, A4, p-ako] B4 vl@aoz Feso]

A
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9.5 7|9x 1Y

A Sgkel 719ste Be
of FAIET o] 2 &

9.5.1 LWAF BEYL — s(v)

« 95% A= 73t

o FE e H A (271 AgkelA] e mEfA])

o carth W53 91% 9] B 3bd &4 (earth & 7142 4-7)

o ReAOH FAE: WAL 719 % ($), 95% A=Y, HEke (B 71&7]

21 88 BYeM ey %0l g )~ 1) FAE 59 gl VxR oug
SHE 5 &9z si4E & ok

~—

i
=
ud
o
o

— s(x, by = factor)

3 By
291 zut Ho] T2 A shbde 9 7o) AR BAG. W40 mHst AT (ol A
2 th2 29) o et oj® 7] FetAeA] gl b -8ait

g Hol & FEdolr. & HEL WY (§)
52 3tk 711l g mAIFIH

r ol
=
=
1

H
ol
oS
o
L

o AP AT AT dA O dolH A=
- 89%: 29 #2E P VRS B FE g

9.6 Correlation (%3

~—

9.7 Diagnostics(¥)
5 71 A A17ts1E A g

At I (gratia::appraise AH8): 2}t of AgE, Q-Q 19, A} S| AE DY, wh-gH S
o Aekgkel o] 7kA] 1.

AZ3t o S AT 45 E 21E R4 ) BEGE O A1E3E Hel Foh. 21w
RFolME ghol ¥ A=z gk

9.8 RCA Adjustments(RCA £7)
RCA 7Att &ofl A== Al 719 3| AR oIt
o

o Net Adjustment % — =X X9 EiL
e Gross Adjustment % — FX %] B3
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9.9 Anova(E4HEA)

GAM gofo] Rty P&ahs okl 59 ANOVA ot} o, /9 (R4 e BEY), 1
2la Bl BE FAEE 2o Fo

9.10 Mgcv Output(mgev &)
28 Mo FL YA HAE Fo
. A 20 AT
e GAM A
« 13 %E—ﬂ, (print)
o AA summary(model) &%

o family 2 A2
. WA FRAY ZE

9.11 Sign Check(#% 3
earthUI Wi 58S 7H4-& 7
wett:
e earth_ direction: 57}, 74 = &3
e gam_ direction: 37} @4 = 239 (
o consistent: TRUE/FALSE
o warning: =427} 92 A9 1 W&

e EA]Zof= “All directions consistent” T EU X7} Q= HE9] 7471 A HT

47)

A
=
© o] WL carth RHFONA ] 7 W5 T GAM oA 9] S v

)
o E3tsE 27)

9.12 Concurvity (F344)

g o) WY g Adolt). o] W thag Hof Zrk.
A HE: P2 worst/observed /estimate =
o M (<0 5), =% (0.5-0.8), B (>0.8).

- ST A FEE 48T A%0e] A9 4

=
82 dod g Bagel he IS

9.13 Basis Check(7]# HH)

mgcv: :gam.check() & &Y o=, 7 B&gof et 717 24 &
kE7F Y& ZroH o] AAo] ;P%p_ oz o] B =
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10 dlofg Wze7]

23t ¥ Download Output (Excel) HE (Ato]&n} 7 ) 2 oS4 3 At AiE 22 Excel
oS G4 T2 AHE mgev 58 EC =2 YHWT

10.1 &8 ¢

g
e

™
[e)
basis IJHstE HHZE (RE PofA 5)
<var>_contribution | BHWE o= S0l 21 mRelAE 7] Sl Hd] HEEh
est_<target> 2y of| =4k (9 est_sale_price). alldol= A 21 AL oA
iz
residual A5k - A=3t
calc_residual A5 A= - 7o e A ()
cqa AE-24-A2 % (Condition-Quality-Appeal, CQA) A= (0-10 &
L)
residual_sf 1]’1} / 7%13114 (1iving_area 7]— X]qu 7§—?—)
cqa_sf residual_sf °f 23t £9]=2 A4S CQA

AAE7 REoA 1 3 (EH/b) 9] residual/cqa/cqa_sf = NA = AXH}, living area E°|
P2 residual st WPzt o 2 ALt
HgAon gk Yeuy] wEd| 314 33 BA7F Lehde,

10.2 CQA A
CQA £ 7 9] A5 th BE 3} AF0] 0-10 HE 2 &S iich
. ¥2 CQA(SF 9-10): A ZHTH 4 &2 71z vjujd — Jel/EL/HT Rt 948
7Fs/do] Aot
. W2 CQA(%F 0-1): St B4 W 7hA ] vfel g — A7t dotsiAu G 7t
A0 3t
« CQA ¢ 5. T 7
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11 RCA A4ta Y=gty

RCA (%2} Aok A9, Residual Constraint Approach) 2t 552 Appraisal ¥} Market
Area Analysis =0l RS Aot 5 AR 4= Qlrh. tiAy Fa4t2 BEEA] 1 3fof QLo

of et

11.1 RCA Hst=t €7]

Ato]EHE 8 A 9] Calculate RCA Adjustments & Download HES 223t} o3 3-=9]
S we ohshAAL ehde
« Score type: CQA E+= CQA per SF(living_area 7} XA H 4-¢). &¢H
o] S AFHA o2 AR
e Subject CQA Score: 0.00 94 10.00 Ate]9] gH-& Hr=t), &-Sof &= HIZEo|H | carthUI
B 7HAE 75 earthUI oA ARGRF A4 G 3 go] 3+ ZRAE A4S T 1
EEEREY
Generate 5 285 ALt Uet7]7} o] £oi 7t} Excel -2 &4 Z2AE O] mgev
=% 21 (<os>_out_mgcv) °f 7| SHT}.

)
of
o

S
Mo

f—

1.2 CQA A4 ®H7t

L. HZAES] CQA HH4oF IAHE H ettt
2. A% HIt (approx()) 2= Y3 CQA 4t ZHatol tf-3AIXIth
3. e = 29 A5 + H3d 3t
4. 7FsA17H0 Q1 332t A S 7 AAE HAeEHo
11.3 &8 4
| ki ‘
| subject_value | RS+ HE7HF
subject_cqa AHEARZE 4Rt CQA A
<var>_adjustment g 71 — v WA 7] E (S T9)
residual_adjustment = CHAF Zhx} — B AR 7z}
net_adjustments = 22 &
gross_adjustments 2] Agighe] oF
residual_adj_pct ol 7FA o e] 2EaF 28 %
net_adj_pct o 744 o e] =28 %
gross_adj_pct o 744 o e] T2 %
adjusted_sale_price | AA| wuf7}4 4 =743

Axto] 4EH o2 BUT WE] 84 A3 EA|7} Lhepde,
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2 7FAEE D 2=

AA ] 2 13 E (Sales Comparison Grid) += Appraisal ZE AW RCA XA 2| & A4t
e FHof }%@_ o 9ot o] 7152 A A ¥r] At AAo] H-EH Excel T3+
AE A

12.1 Wl@AE A9 sk

Generate Sales Grid & Download HE2 225l 2E v tjujAHE Udst= 22 O
S} et wlaA  Belz ik
. 23 waAE (92 AEE): B0 sulslA el < 25% oo wlu) AT 4 (217

&) o= AR A 304
¢ 7T A (LEAOZ A ) ol e, $EAE S0 A

=
H| DA E A 85t 5 Generate Sales Grid & &5t E3EA 7| qtEo| Zth.
g4 E4 §9: contract_date @} living_area 7]' HIE A] 2| A E]ojof sttt EA EL &
9. latitude, longitude, lot_size — ©|=°] §lolk I8 E= 2F AW dF F=o| H|F

AHE FEEANE o= AEZF Lo, ZF A EolE AL 3 Zo] uets] vz H:

o WF B g HlmAL O] T, b, B, A% e E 9

C FE W A (SI, A, A), A F (S WA, A A1),
21%) & %3 vlel 2t 5t9] FROR 1A

. 23 A% @ YRYuict T P, By Jlel, naae SofE, 2P el F

o A B4 A myo] mASH 2ok EA (o: A, B, 29) o dhsh 4

At 4 Qe Hl A A 2F
o Q9 SXA%, FXH%, 2AE Wul7tE-S AA| Excel 5402 HA]
12.3 A|E B39} &3} 7+
Y ANEE= A2 HAEE AS 9] Qo RaEA|gt zbxp EA 9] gh k2 Aoz
o] sjA|=]o] Ut} o] 2K TP IIAE= 4] Z[Hbe] 2 AARS 2|5 A 2 9l EA O
TS JE9E 4 ot
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13 HYA =7

HAAM BAPL ol g g @A HYAE tiAlshe 2 @A Quarto 21 S50l

13.1 1 94: Quarto R4 AA

Generate Quarto Report HE (&L A7) S AHEE cqnd Feae @44 =

= Aot
2AE O mgev & EH | 7|51t o] FEole Quarto 92, v AHHH 17 ot (PNG
¢} PDF), & 22 Y vetdo]EE B2 report_data.rds HO|2E, 1131 Word E8-&
913t reference.docx A4] Bl glo] Sof g}, B-go] AU@o| R A Mo .qnd FEZ
UHsHAY T2 Quarto S A9 A9 2 e
1%‘3 Fee A4S o nle AFHEa. i 2" Aol Aulish A= ®A] o]u] 2|7t 7]
S5 F59 ‘)rUV]L @’b}xﬂ._‘li AdEot.

13.2 2 BA: Quarto R4 ¥H3}

Convert Quarto Report 2-2 quarto: :quarto_render () & 5ol .qmd TY-2 St} o4+
2o gAloz Augatt. 715ge 13 H2e] AT B850l A8, Browse HECE 99|

.qmd T}L-g AL 25 9t} A 717 FAS AL 4 gl

. HTML 499 HTML 24, %7} 22 Eg0] glo] 22 SaEeq 25, 7%
7] &gkoltt.

o Word (.docx) — &7 A-§ %= reference.docx A4 HES 02 A dct HY}
w ol Aghst.

« PDF — LaTeX A7} B a3lch (ofaf] A" @74 F=X). LaTeX ©] ZA =R o

P& A3k Ao A PDF &40l As o2 wAXITh
o] "rAle] Tl TA] # | 2]Q] render_gam_report () ¢} export_gam_docx() += ZT= 12|
9 Ao A% g 4 gl

13.3 X314 Y&
A= B Aol thgo] 2t
o HojgAla =y. dlojg o}, BE T 7], family, method, A3 FH
95 o]

. A3} g9k R2, [\ R2, A T, AIC Y 2 9d Ao A7
e 15 Al. EsLO fi 7|2, Agste 74]/\5—_’_ Uﬂ/\]o]- p,_oﬂ A3} ek sk A o] 7] Al

PDF o4 ofd] 22 ZulEgc

—}

o Q°F ¥: BEY (EDF, F, p-&) & B4 (A4, BEF24 t, p-3h)
. &43td 57§ Dol EgHe A9 gl Be Jsag o] P (AFsagol

. WG 5 (WE F £9)
— dHE HE TI9 (et 199 F A ggplot2 HA)
- 89 Jg o5 1™
— A52E S|EWY (ti D te )
— B O (A2 AR, 89192 et =)
o ASHT AT SIEH
o Zth: T2} Ay AZSZE of A S AR e
o mgev 89 A9tH Y] HMA HAE F¢
. EPIY RS BRAGA AT M J1o] B4 Bo19E A9ehe BT gl oheel 2
Aol AFSHH Generate Quarto Report HEof 214 |32 TA|7F UebdTh
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14 29 o4 yHU7|

mgevUL = Z9He GAM ©] B& ot off dojo] 5¢ Itz fHE &5 qlet. 2 -é g
200 7 A=A H7tE o] Ao B7H-& AFESh= 23] & (lookup table) = IHELHZ 2, mgcv
of o]E5HA] Al R HIolA = RS AR 4 Sl

QA v Z g A ot ‘415‘417]—‘1:— Tzl Ao s o]o|nt. R B gea2

o& [u

(fit_gam() o] AAlH Hg Ax} AH S o}t O}ﬂbﬂ At S-S 7|23}
o generate_r_code(), generate_python_code(), generate_cpp_code() — AoH A~
J—q_ol

o export_functions_sqlite() — SQLite 2] & fo]EHo]A
o export_functions_zip() — Y| 7}A] @4 L2 X95f zip ¢F oL =2 F

rr
i)

14.1 R &
1} gam_functions.R
o HFSH= R2Z CV R?, A2 T2 ot 34,
o INTERCEPT A%
o B& Wit} v A4HE x/y HIHE ZH= approxfun() oA,

« AFF AFE olF A= A= AT

o« AHEH: AW 7+ g_var(value), 7} coef_var * value & YAFSITH

14.2 Python ¢ ol
1}t gam_functions.py

e numpy 7]‘1%9_7],

« INTERCEPT A<

o HW: x var E—l _fx_var W€} np.interp() & AF&S= g_var (x)
o AP ATE COEF_x A= AT

et
¥

14.3 C++ 39
. gam_functions.hpp
« #pragma once & AM&Sh= ot A-E mhed.
o gam_functions YlYAT o] A
e std::lower_bound & AF&Sl= interp() EX &4
o HpE: A A vl e 2 e o
o AP A4E constexpr double & A|F

14.4 SQLite Ho]E#o] A
. gam_functions.sqlite
o smooth_grids E|o|E: (variable, x, fx) & — 200 & X3] 3.
e model_info E|°|&: response, r squared, cv_rsq, dev_explained, aic, n_obs, family,
method, formula.

e linear_terms E||©|E: variable, coefficient.
 intercept Ho|&: ZHZL
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15 earthUI ¥ glmnetUI 2}9] v

carth $-§ Z2IAW 1 FAY BEEL 57 BDYL 9% ohto] £ Lotk o]5L
Qg dole] WA, B4 A 98, RCA A9 58, A19E doleAg TaatAw Rdd Ay
A= e,

15.1 59 =}o]

‘ mgcvUI

EA earthUI glmnetUI
HiH GAM (mgcev) MARS/Earth (earth) = A2FAE Yl (glmnet)
A e vy T+ Ay A5
e A select=TRUE % oA A 7}1] 7] Al WA
o Atg HIA 5 (te/t) Q12| 5 (2-3 2} A
PEg AR e BE | g &5 (TAHE) a9 71271
A
earth TFO] X} | earth oAl W5 559 =4 A2 712 & 7HA =
Sl 7HA =
F= YEY7 R, Python, C++, R, Python, C++, —
SQLite SQLite
HI1A A Word, PDF, HTML Word, PDF, HTML Word, PDF, HTML
earthUI o9t Q1= 2PE A St-E AHT WSt . earthUI ofl= 27 A< FE©] MLS H| 1
oA 235 B5it 43 FE5Hs 484 Prolog/DCG 7|5°] 2= o] 3l

15.2 35 7%

A £7 2% 0gg Aga
. BY regproj TRAE £7| (7B ~/reghroj) — ZEAE ¢jd ntel Wy Zelo]
A HE /\}Oloﬂ/ﬂ S HET
o snake case @ H¥-Z FHIE CSV ¥ Excel 714271
o CSV #3274}, 254 713, 87 712 w30 A% olpe] 2719 A4
« E 4 XA (contractidate, living area, area, latitude, longitude 5)
o 7|FLR2EE sale age A5 AL
o T} /E}o|E 1 2 (Nord H|F})
o A4 7] (SQLite ¥ /E+= localStorage)
o AU SIEW HE FQL Xk
- CQA H= /‘}7‘34 RCA 274 2] 5.2
LA A Aol HEE Excdl SEE 2 AdA D
csv

1 8=
o YT AA-E HolEA (Appraisal _1.csv) 2.9

l:l ju
Zﬂlﬁl‘:‘* UHILEW 103?2 = At
. BAA WS Aol A% 25 Aokl Bat ¢ 47 2P0l BasThY glmnet U
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16 A|d-E Hlo]gAl: Appraisal 1.csv

16.1 A9

A AE Hlo]H A2 earthUI, glmnetUI ¢t 3749 29] demo_mls/ &H
of 24 o O™ earthUI 7} A Zlﬂoi QlthH the Qo] zro _/'\_ oJT}:

demo_file <- system.file("extdata",

o] helofi= @] MLS 7| THE oF 1,500 719] 5714 uju] 7] 50| So glen 1
o] A 5 4to] L Ll 4] ol Hlw wjujAolch. Hlo]B FEALY] Fi, A, ot
FoA LES £ Ao Aol B ol Lehic,

ol AA) lol87} ok, B3 Aelmjote] AA o FAG LA viF O WHE Aok,

"Appraisal_1.csv", package = "earthUI")

O

e AE AEs HAEAY AAE A
16.2 ¢
2 5 54 5 4
sale_type character | sale_type o3t v ojofAbe| S FESHE HAE Y AE
weight numeric weight =] 7H5A] (0 = A Eol|A Al2Q)
id numeric display_only Y& FZE 1D
property_id numeric display_only MLS F-&4F 2Hzt
listing_id character display_only MLS o= H3o
parcel_number character display_only 712l ZAF71ES] H2] M5 (APN)
street_address character display_only BEA F4
city_name character display_only LA
postal_code character display_only LSHHS
county_name character display_only 7}-2¥E
contract_date Date contract_date | THUH AU (sale_age & A4S
sale_age numeric — AFL Y 7|7k 9] d4= (n]E] ALHE)
coe_date Date display_only AR =AY
listing_status character display_only & A (ol: “Sold”)
sale_price numeric (E2HS) wief7td — FreR S
rent numeric — 4 AddE (s Zx¥S 198
list_price numeric display_only o7}
original_list_price numeric display_only Hx 37}
living_sqft numeric living_area T AFHA (AEHE)
ppsf numeric display_only Zﬂ—‘—ﬂ—] Ed 7t4
beds_total integer — HA &=
baths_total numeric — ZF 8 (9 25 = HA 2 + & 1)
lot_size numeric lot_size ‘:H ] ﬁ’—q (Z‘HJ‘”JE)
area_id integer area MLS A& A"z}
area_text character display_only 2]y
age numeric actual_age FEAbe] A4 (d)
year_built integer display_only A= dx
latitude numeric latitude A (EPofAE £24F 3 AR HHE )
longitude numeric longitude A (RYPofAE A4H 3 AR &)
latitude6 numeric display_only A @‘?a_‘l:u_ A=
longitude6 numeric display_only A AYE A&
garage_spaces integer — 240 =2} 4
fp_count integer — Hit s T4
no_of_stories numeric — =T
style character — A= FA
view character — 2 79 (¢l: “Neighborhood”, “Hills”)
days_on_market integer dom A & A
listing_date Date listing_date e 55Y
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sale_concessions numeric concessions a

16.3

1.
2.
3.

~N O O =

© o0

W A3 oA

mgev FE-Z AP} earthUI: :launch_mgev()

=22 For Appraisal 2 5to] A| Z2HEE =t} (1 4)

Appraisal_l.csv & Z=EAEO] §]8 Erjof Y11 2 Hoj|A A=t} (E 851 Refresh
= Zeja)

. sale_price & BEWHSE AEsitt
. HE& 24 9ttt Response Transform = Log (natural) 2 AA3c} (A ALY
. 919 B b H2 B4 482 AR

dSHFE EFAIIITh: sale_age, living_sqft, baths_total, lot_size, area_id(&
Q10 2), age, latitude, longitude, garage_spaces
7187 528ty REML, gamma = 1.2, tp 7] 4], k = A&, select = TRUE

. Fit Mgcv GAM Model & 223ttt
10.
11.
12.
13.

Summary, Contribution(®8& “19), Diagnostics H= HAESTH
=92 W=t (7 24) CQA =& AH 2t

CQA A4 ~5.00 ©& RCA A E Attt} (8 ©A)

FH v AR ARAE R Y 12 EE AR (9 BA)
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17 N2d 273 24 312

17.1 A ZRHE

17.2 R HA

R > 4.1.0 ©] 2835}t RStudio Desktop(2023.06 ©14) & al o &=

A gl 23t Quarto £ pandoc ©] 3 5o glom W& AdPstr]of Helgt S-S AF
ettt

17.3 4 R 7|7

ohg WSS dEdor A% AAHch

7)) s
shiny deg nzTl oy Y

mgev GAM R A3t

valengrCore T AAG7E o] (B 9, earthUI A7 o]ofdt7])
ggplot2, plotly 44 9 ety 7)o 19

gratia B =51

DT tjaled HlojE &

quarto, rmarkdown | Quarto Ei1A A1} )=

readxl Excel T} 74 2 7]

shinyFiles el 9 Zg g7

RSQLite, DBI | 44 9 m2AE go]guol~ (SQLite)

jsonlite Ha A 2 e}

17.4 A9Z o]&A

74 2% Hag A

LaTeX(TinyTeX, MiKTeX T+ MacTeX) | PDF HE 1A A4 Alofgt g5ttt LaTeX
A} BARNA GO G4 =BT Lol
PDF FAo] 2tz o= A A2 3.
tinytex::install_tinytex()

sysfonts + showtext ggplot2 1 o]l 220]+= Roboto Condensed &%
£ A8 % gL o wejelold Qo] AE e
T A A" A S22 AR

earth(> 5.3.0) earthUI 7}4 @ 7| mofo|mafelofut d g5t o
= Ajgol W asta g

callr ATeteE wel A (Aol AL FAT),
o Aol 57140 Agu,

writexl, openxlsx Excel 7] (X4 &2, RCA, wijujAt=] 1
SlE). slew o] et

bslib Bootstrap 5 H|FF A-& (Nord Light/Dark).

officer ol WrAlo] m2 a1 Word Ul E Y 7]

(export_gam_docx()).
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17.5 SWEFE 79 A
17.5.1 macOS
SEA7F 7V Ak, A AH gho] H 7 g]o= Homebrew & #ASttt. PDF H11 A7} = Q 5}t H:

# In R:
install.packages("tinytex")
tinytex::install_tinytex()

17.5.2 Windows
RStudio Desktop ¥ 2 25gtct.
o 7148 /ESto] A3HE AF
W 9% A9k A A
A 9ol A 25T
o LaTeX: R 9 A TinyTeX & AX|5tAY (9] macOS ¢} 5L HH) miktex.org oA
MiKTeX & AX|gttt.
o 71 T} ﬁi. Windows ofl+= 260 2} 4 2 A|gto] ot 2 falg e F=2E 4 55t
o

2 o) Ae theat 2k
@A e el A4 dlelel HalE el Aanel 9
e

A
Que 4 ek WL R Zdo] ATE EAGAT

E—fﬂ I
J

17.5.3 Linux

s Z bl whal WA} 7P Ao} Ubuntu/Debian AHEAHE R 1712 E Autd 517] Aol A2~
grojHeie] 7t o sk 4= 9k

sudo apt install libcurl4-openssl-dev libssl-dev \
libxml2-dev libsqlite3-dev libfontconfigl-dev

PDF HEI1AME —HOHH,_ tinytex::install_tinytex() & Aot A|AH ofj7]2] H
22 texlive-full = /|3t

gAZdo]7F Qe =g A Ao AE plotly tate 170l R AoA A2 A oju]Z]
2 e E Shiny 4 AL U BakeA] 9o0] Basio)

R 52t |

LaTex 85 WA G4 gt ol M PDF §40| %A e
HTML 14' Word & A& AFES 4= Ut

AU gl / =& Af Roboto Condensed Z&0| A|AH AL =2 A

=t Z&of WA R 7} 7] 2 H )
RSQLite §l= / ¢7] A8 ot A|&d”l | AlA Atolof] o] §A =2 g=t}. F&o| a7}
FEA|=E T O dhoj|= ojo] A 2k 5]—}1;]_

gratia::appraise AT Diagnostics 2} HilA ol ZF2] ZA] WA 2] 7} FA]
Hrot. gioro 2 F&) A mgev: :gam. check () E At
gafet.

DR RE e 2l 7ol

shet 0 7 WA Ao} A A},
£ 27] 75 9A 2 AHste] 9

s
TMPDIR 2HF S

2t
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17.7 &A 14
17.7.1 “PDF option is not available”
LaTeX 2|7} A 2] 42 4-9-°lth. R oA th== A3

install.packages("tinytex")
tinytex::install_tinytex()

28 ok AL ThA RS PDF &4l LR,

17.7.2 “Settings will not persist”

SQLite HolEH|o]|2 HAHZE TraAY 7|9 € & Qe 4ot b= 429 A= &

QIstet:
¢ macOS/Linux: ~/Library/Application Support/R/mgcvUI/ X+ ~/.local/share/R/mgcvUl/
« Windows: %APPDATAY,/R/data/mgcvUI/

17.7.3 “Diagnostics plot unavailable”

gratia::appraise() ¥4+ ST 2 (HA o280l HAY HEFE family Q! B-5)
oA olutg Aujgttt. o]y A9l w7|A o g FAloltt. 3] YH: R FEolA
mgcv: :gam. check (model) = A3l Ak T8= 24 gelstzf

17.7.4 “Report error: number of items to replace...”

o= gratia H7| X2} Teisto] o] HA oA A KA Aot Al WA 9] mgevUI 7F A
wo] Qi=x] Selske. WA MAL o] RS Easte] A o] AeAEAE L HIAE A
A,

17.7.5 XE 7880 ©| o]n] A& F

o] Al wiZoll ZE 7880 o] Ht= o] ol AJAtEA] ¢k

&2
rr
fv)
r2
o
o
filo
il
o2
s
i)

# mac0S/Linux:
lsof -ti:7880 | xargs kill

# Windows (PowerShell):
Stop-Process -Id (Get-NetTCPConnection -LocalPort 7880).0wningProcess
17.7.6 Linux o4 =|7]2] A A=j

Al 2d ) ]Hﬂiﬂﬂ = A%olth. 9 Linux dof d4d=H /L& g E A3
install.packages() & 1—4'*] Al &5}

e

l:l’]

Wood, S. N. (2003). “Thin-plate regression splines”. In: Journal of the Royal Statistical Society
(B) 65.1, pp. 95-114. DOI: 10.1111/1467-9868.00374.

— (2004). “Stable and efficient multiple smoothing parameter estimation for generalized addi-
tive models”. In: Journal of the American Statistical Association 99.467, pp. 673—686. DOI:
10.1198/016214504000000980.

— (2011). “Fast stable restricted maximum likelihood and marginal likelihood estimation of
semiparametric generalized linear models”. In: Journal of the Royal Statistical Society (B)
73.1, pp. 3-36. DOI: 10.1111/j.1467-9868.2010.00749.x.
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Wood, S. N. (2017). Generalized Additive Models: An Introduction with R. 2nd ed. Chapman
and Hall/CRC.

Wood, S. N., N. Pya, and B. Sifken (2016). “Smoothing parameter and model selection for
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TE AA

Ae] Zyolg FA|m|7Ee] F7-8 Bl WA ofg] 71 og o] Fo]x] shute] HlojEAle] oAl 5 A
& BEedth

H AR GLA(sf) A (sf) =% A= A7

A 1,650 9,000 S 9FT $1,425,000

B 1,650 7,200 F  FS $1,280,000

C 1,850 7,500 T 9FS $1,407,500

D 1,450 7,000 F %S $1,155,000

E 1,700 8,000  f %4 $1,470,000

F 1,550 7,100 B HE  $1.177,500

G 1,700 10,500 B F%  $1,392,500

H 1,600 7,300  F = $1,312,500
ol A= £o2 Y & 4 U2 WE g oR A7 IHAANE ZF /fE-S BF A5T &
S v FHESH AAEIAH. 5 001 2 A A € B Aol 9] $145,000 2tolE, o}UrQ A2
2 i TE3] Fofl YK F EA (24 tiR]) o 23 7R o2 HERM 5 002 + 9 H
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004 = AA7HEE sfidd oz Botal off 29 A tf B ztolE =} th2] 2] 7o $127,039 <t
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. o el A 5
AR 547 SA1E o) YBE], ZRHS ] ohlet A 2
A QAT 5 Gt A F2PL AT o ek

AAE O B3 B & =EE50] I8 & A )

7y -2 "R AEE AXH, offd 2o AE7He] £ =Fo| 22 4 ot 52 A9
OJE|H AHZ HZZ}FHA| (Creative Commons Attribution) 2fo]Ad AR WSPE AT Crossref(H & <l
&) ¢t Zenodo(HEH HE) = Tl ZH2F DOI & Fojdt=t}. Z} 52 A|7to] 2[UH A ¢ thEo]
A 4 ok AR 7§82 Zenodo TES 74l R /WA HAE W8S V&S HY 7]
¢} A & DOI & 25 73418t Crossref DOI = @4 HAl 2o 2 AAEH, EX A e

rog o TAAL (712 MH) o oIS QH FH0= Y otk 1A E, 2K
gk, WA, rehas wel, A, Jeln vl waet A ESE FHsks gA1d 44 Sl 1
olc}. thofol & el that ARk AALE shdstel, MAIA B

=
N
>
N, o
e
T
Qo

3 59| o4l

. ©]3A (Heterogeneous Good) — A H 7} HIHZo] of
. B4 §7F (Characteristics Space) — o 5492 WE 23
. =Y 7FH %4 (Hedonic Price Function) — S04 7FH .2 9] #3 AMYT.

HA7FA (Implicit Price) — ZF 544 9] HA A%71H4.

=Y 3AEA (Hedonic Regression) — HZH A2 EEH g5 FHo17], FHST R AF
oAA =

6. AW (Latent Variable) — 22 5E Fx31H 4185 E-Yd}7].

ool

1oL
= -

Ok W N =

.
Court, A. T. (1939). Hedonic Price Indexes with Automotive Examples. In The Dynamics of Automobile
Demand. General Motors Corporation.

Lancaster, K. J. (1966). A New Approach to Consumer Theory. Journal of Political Economy, T4(2),
132-157.

Rosen, S. (1974). Hedonic Prices and Implicit Markets: Product Differentiation in Pure Competition. Jour-
nal of Political Economy, 82(1), 34-55.

Craytor, B. (2025). Residual Constraint Approach: Framework & Protocol. Zenodo. doi:10.5281/zenodo.14787917

HE.: Prolog d4|3}

ofefe] 717 W= 75 g 1l (000-overview.pl) & 27| Prolog A|AMo] 204 o] F2g FAsie
Aelc}. o] W HEI A A% 7Fs e Prolog el WraHck.

000-overview.pl

Prolog companion to Foundations Vol. 1, Issue 1, Overview
Title: Overview
Author: Bert Craytor, Editor
Piece ID: foundations_overview
Kind: editorial_piece (not a concept; sits outside the dep graph)

R A d° P o o o
o ° o° o° o o o°
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The Overview is an editorial piece, not a defined concept. Its .pl
companion records the issue's structure (which entries appear in
what reading order), the running example, and the reader pathways
the editor proposes for readers with different backgrounds.

X ® o o o
o o ° o° o°

DICTIONARY IMPORT

d° o° o°

:— use_module('../../../../tools/dictionary/dictionary').
:— dictionary_release('dictionary-2026.1").

——— From the dictionary (loaded via :- use_module above) ——————————-
term(foundations_overview, "Overview", foundations_editorial,
"Editorial overview of a Foundations issue. Frames the concepts
covered, situates them within appraisal practice, and is not
itself a defined concept in the dependency graph.",
published, 'dictionary-2026.1').

Plus the six concept terms covered by this issue (heterogeneous_good,
characteristics_space, hedonic_price_function, implicit_price,
hedonic_regression, latent_variable).

0° % A° A° ° P O° O P o° o°

:— use_terms([ foundations_overview,
heterogeneous_good, characteristics_space,
hedonic_price_function, implicit_price,
hedonic_regression, latent_variable,
residual_constraint_approach ]).

:— use_relations([depends_on/2]).

PIECE METADATA

o o° o°

article_piece(foundations_overview).
article_kind(overview).

article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.overview').

ISSUE STRUCTURE: the six concept entries in dependency-ordered sequence

The published reading order. Each entry assumes vocabulary established
in the previous ones. This is the same as queries:reading_order/1
derived from the depends_on graph; recording it here lets readers and
downstream tools query the issue's structure without invoking the
topological-sort machinery.

d° 0% d° d° O J° O° o° o°

issue_entry(1, heterogeneous_good).
issue_entry(2, characteristics_space).
issue_entry(3, hedonic_price_function).
issue_entry(4, implicit_price).
issue_entry(5, hedonic_regression).
issue_entry(6, latent_variable).

% Each entry's one-line theme as stated in the Overview's closing list.
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entry_theme(heterogeneous_good,

"Why valuation methodology must exist at all.").
entry_theme(characteristics_space,

"The vector representation of bundle attributes.").
entry_theme(hedonic_price_function,

"The equilibrium mapping from characteristics to prices.").
entry_theme(implicit_price,

"The marginal market price of each characteristic.").
entry_theme(hedonic_regression,

"Estimating the function from observed transactions, with a full R worked example

"),

entry_theme(latent_variable,

"Recovering structured signal from residuals.").

THE RUNNING EXAMPLE

A single dataset of 8 Pacifica residential comparables runs through
all six entries. The data lives in kb/pacifica_comps.pl and is
consulted by each entry that uses it. The Overview's role here is
only to point at it.

d° % o° o° o° o° o° o°

running_example_dataset(pacifica_comps).
running_example_n_comps(8).
running_example_location(pacifica_california).

% Which entries exercise the dataset.
:— consult('../../kb/pacifica_comps').

READER PATHWAYS

The editor proposes four pathways through the issue, calibrated to
the reader's background. These are advisory orderings; the canonical
reading order is issue_entry/2 above.

d° % o° d° P o° o°

reader_pathway(new_to_hedonic_methodology,
"Read entries 1-6 in order. Dependencies are real and skipping invites confusion
< >.",
[heterogeneous_good, characteristics_space, hedonic_price_function,
implicit_price, hedonic_regression, latent_variablel).

reader_pathway(prior_exposure_to_hedonic_regression,
"Use as a refresher and atomic reference. Read in any order.",
[hedonic_regression, hedonic_price_function, implicit_price,
characteristics_space, heterogeneous_good, latent_variablel).

reader_pathway(interested_in_rca_methodology,
"Read 006 first for the framing, then 003-005, then 001-002.",
[latent_variable, hedonic_price_function, implicit_price,
hedonic_regression, heterogeneous_good, characteristics_spacel).

reader_pathway(interested_in_adjustment_defensibility,
"Read the 'Why it matters for defensibility' sections in entry order. Forms an
< implicit short essay.",
[heterogeneous_good, characteristics_space, hedonic_price_function,
implicit_price, hedonic_regression, latent_variablel).
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EDITORIAL POSTURE

d° o° o°

editorial_posture(
"Foundations is not a textbook department. Each entry is short, written for an
—audience already fluent in appraisal practice, and designed to give a precise
— formulation rather than a comprehensive exposition.").

publication_model(
[ license(cc_by),
crossref_doi(canonical_citation),
zenodo_doi(versioned_archive),
revision_policy("Minor revisions bump Zenodo version; major revisions bump both
—+DOIs with editorial note.") 1).

FUTURE DIRECTIONS

Concepts the editor flags as deserving treatment in future Foundations
issues. Recorded here so the journal's planning is machine-queryable.

d° % d° o° P o°

future_topic(spatial_dependence).
future_topic(conditional_expectation).
future_topic(endogeneity).
future_topic(omitted_variable_bias_extended).
future_topic(identification).
future_topic(proxy_vs_latent_variable).
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Q1745tH USPAP 3} 7|12 (Standards Rule) @] ®ol7bs/de] 22 9L

ojlAAS FAHoZ 9l

= o8 AR BAVE Bzt v At AAolst, D2 RE s ZArtAe] dutstd b tﬂ
At F 8BS 77k EA FHEO] AMAIES 12 oot HA O] el T Higro|| 9l AL
Ho| A SAZ S E 4= =7t €9 Stk Hrpd4 Z} Z4 (reconciliation) = ©] BE*}—J
o]AAdE o] wrAlo] Zpaf AHA QIA A YrbER] o thet A F AR TehS Hhed it o] B
o7t BAEL “oldA” & 1 ut'of 29 o7 Wy }% &7F shugol o Y7tz Y7
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Lancaster, K. J. (1966). A New Approach to Consumer Theory. Journal of Political Economy, T4(2),
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nal of Political Economy, 82(1), 34-55.

Ao Az EA ST (characteristics space); =Y 7VA TS (hedonic price function); A 7HA
(implicit price).
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Prolog companion to Foundations Vol. 1, Issue 1, Article 001
Title: Heterogeneous Good
Author: Bert Craytor
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Concept: heterogeneous_good
Version: 0.1.0-draft

This file is the Prolog galley for the article: it encodes the
article's main claims, worked example, and inference rules in a form
that other Prolog code in the journal can consult, query, and verify
against. Read alongside the entry.tex / entry.pdf prose.

DICTIONARY IMPORT

The journal-wide dictionary is the source of truth for term definitions
and relation schemas. The use_module below pulls those facts in at
runtime; the comments that follow reproduce the relevant entries so a
reader skimming this file in isolation can see what's been imported.

use_module('../../../../tools/dictionary/dictionary').
dictionary_release('dictionary-2026.1"').

——— From the dictionary (loaded via :- use_module above) ——————————-

term(heterogeneous_good, "Heterogeneous Good", economic_theory,
"Heterogeneous goods are goods that are not interchangeable
because each is a distinct bundle of characteristics that buyers
value separately, and whose characteristics are not separately
traded.”™, published, 'dictionary-2026.1').

term(characteristics_space, "Characteristics Space", economic_theory,
"The characteristics space of a class of heterogeneous goods is
the vector space whose coordinates index the attributes that
buyers value, and in which each good is represented by the
vector of its attribute levels.", published, 'dictionary-2026.1').

term(implicit_price, "Implicit Price", economic_theory,

"The implicit price of a characteristic is the partial derivative
of the hedonic price function with respect to that characteristic,
evaluated at a point in the characteristics space; it represents
the marginal market price of an incremental unit of the
characteristic, holding all other characteristics fixed.",

published, 'dictionary-2026.1').

term(hedonic_price_function, ...).
relation(depends_on, 2, "depends on", [foundations_concept, foundations_concept],
foundations_methodology, "...", accepted, 'dictionary-2026.1').

relation(related, 2, ...).

These facts are NOT declared in this file; the use_module above is
what makes them available at runtime.

:— use_terms([ % Foundations concepts (terms/foundations.pl)

heterogeneous_good, characteristics_space, implicit_price,
hedonic_price_function,

% Practice terms (terms/valuation-practice.pl)
real_estate, homogeneous_good,

sales_comparison_approach, cost_approach, income_approach,
comp_selection, paired_sales_analysis, adjustment,
reconciliation, uspap, standards_rule ]).
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:— use_relations([related/2, depends_on/21).

ARTICLE SUBJECT

o o° o°

article_concept(heterogeneous_good).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.001"').

ARTICLE-LOCAL VOCABULARY

Terms the article needs that are NOT yet in the dictionary, and that
the editor decided are too narrow to promote. These are field names
for the worked-example property records — not concepts in the
journal's ontology.

d° A% d° d° P o° o° o°

local_term(gla_sqft).
local_term(bedrooms).
local_term(baths).
local_term(lot_sqft).
local_term(view).

FORMAL DEFINITION (restated as Prolog rule)

From the formal definition: a good is heterogeneous IF buyers care
about multiple distinguishable attributes that vary across items in
the market, AND those attributes are bundled by production rather
than separately traded.

A° ° o° o° o° P o° o°

! heterogeneous(?Good) is nondet.

True when Good satisfies both bundling criteria. The two predicates
buyers_value_multiple_attributes/1 and attributes_bundled_by_production/1
must be asserted for specific goods elsewhere; here they characterize

the formal definition itself.

0° o o° o° o° o°

heterogeneous(Good) :-
buyers_value_multiple_attributes(Good),
attributes_bundled_by_production(Good).

INTUITIVE FRAMING — CONTRASTS WITH HOMOGENEOUS GOODS

d° o° o°

e

s Canonical examples of homogeneous goods cited in the article.
canonical_homogeneous_example(wti_crude).
canonical_homogeneous_example(no_2_yellow_corn).
canonical_homogeneous_example(kilowatt_hour).
canonical_homogeneous_example(common_stock_share).

% Their distinguishing feature: grading or specification standards make
% individual items interchangeable.
interchangeable_via_grading(wti_crude).
interchangeable_via_grading(no_2_yellow_corn).
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interchangeable_via_specification(kilowatt_hour).
interchangeable_via_specification(common_stock_share).

% Canonical heterogeneous goods.
canonical_heterogeneous_example(real_estate).
canonical_heterogeneous_example(used_car).
canonical_heterogeneous_example(unique_machinery).

% Why real estate exhibits heterogeneity unusually strongly:
% locational characteristics are perfectly non-replicable.
buyers_value_multiple_attributes(real_estate).
attributes_bundled_by_production(real_estate).
non_replicable_attribute(real_estate, location).

APPRAISER ENCOUNTERS

The three classical valuation approaches are all methodological
responses to heterogeneity. They differ in HOW they navigate the
bundle, not in WHETHER they confront it.

d° % o° d° P o° o°

valuation_approach(sales_comparison_approach).
valuation_approach(cost_approach).
valuation_approach(income_approach).

responds_to_heterogeneity(sales_comparison_approach,

"Reconciles the prices of distinct bundles by adjusting for composition
—differences; the grid records only adjustments, estimated directly, and never
< decomposes a price into feature value contributions.").

responds_to_heterogeneity(cost_approach,

"Reconstructs the bundle from priced components: foundation, framing, finishes,
— depreciation.").

responds_to_heterogeneity(income_approach,

"Abstracts the bundle into a single cash-flow profile; cap/yield rates absorb

< heterogeneity.").

% Practitioner-level encounters with heterogeneity.
practitioner_response_to_heterogeneity(comp_selection,

"Minimize bundle distance between subject and comp in characteristics space.").
practitioner_response_to_heterogeneity(paired_sales_analysis,

"Isolate an attribute's contribution by holding other attributes constant.™).
practitioner_response_to_heterogeneity(adjustment,

"Quantify the price impact of one differing attribute at a time.").

DEFENSIBILITY

d° o o° o° o°

Why naming "heterogeneous good" sharpens USPAP defensibility questions.

defensibility_consequence(comp_selection,
"Comps must be close enough in characteristics space that recovered implicit
<»prices generalize.").
defensibility_consequence(adjustment,

"Each adjustment must be supportable from market evidence of the implicit price.")

— .
defensibility_consequence(reconciliation,
"Choice among approaches reflects which best navigates THIS property's
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— heterogeneity.").

Root claim: valuation methodology exists as a discipline BECAUSE
real estate is heterogeneous. If it were homogeneous, value would be
s directly observable from posted prices.
root_claim(
"Valuation methodology exists as a discipline because real estate is heterogeneous
<+ 1n the homogeneous case, value would be directly observable.").

o° o°

e

WORKED EXAMPLE — PACIFICA COMPS

Two recent sales in the same Pacifica, California neighborhood. The
example demonstrates that even "identical" houses are not identical:
the $145,000 price spread is the joint contribution of differences in
lot size and view, two implicit prices entangled in a single pair.

d° ° o° o° o° P o° o°

The 8-comp Pacifica dataset is shared across entries 001-006 and
lives in kb/pacifica_comps.pl. Consulting it here brings property/1,
in_market/2, attribute_value/3, and sale_price/2 into this article's
namespace.

:— consult('../../kb/pacifica_comps').

d° o o° o°

o°

——— Derived facts from the example

% The attributes that differ between the two comps.
differing_attribute(comp_a, comp_b, lot_sqft).
differing_attribute(comp_a, comp_b, view).

% The price differential and what it's attributable to.

price_differential(comp_a, comp_b, 145000).

attributed_to(price_differential(comp_a, comp_b, 145000),
[implicit_price_of(lot_sqft), implicit_price_of(view)]l).

o°

——— Article's argument about identification

% A single pair cannot separately identify the two implicit prices —

% they are entangled in the single $145K observation.

joint_identification_only(price_differential(comp_a, comp_b, 145000),
[lot_sqft, viewl).

Separate identification requires more pairs varying one attribute at
a time. With sufficient variation, hedonic regression performs the
disentanglement formally; with limited variation, the appraiser uses
bracketed paired-sales reasoning, whose reliability depends on how
close the bundles are in characteristics space.
identification_strategy(few_pairs,
"Bracketed paired-sales reasoning. Reliability depends on bundle proximity in
<+ characteristics space.").
identification_strategy(many_pairs_with_variation,
"Hedonic regression (see hedonic_regression).").

d° % o° o° o°

INFERENCE RULES

o° o° o°

! comparable(?A, ?B) is nondet.

o° o°



TMLMWMmE@M%roﬂEﬂ%(%M@Mm@

% A and B are comparable when they are distinct properties in the same
% market. This is the operational definition of "comp" used implicitly
% in the article.

comparable(A, B) :-
property(A),
property(B),
A \== B,
in_market(A, M),
in_market(B, M).

! attribute_difference(?A, 7B, ?Attr, ?DA, ?DB) is nondet.

A and B differ on Attr, with DA the value at A and DB the value at B.

d° o o° o°

attribute_difference(A, B, Attr, DA, DB) :-
comparable(A, B),
attribute_value(A, Attr, DA),
attribute_value(B, Attr, DB),
DA \== DB.

! identifiable_implicit_price(?Attr) is nondet.

An attribute's implicit price is identifiable from the observed comps
if there exists at least one pair of comparables differing ONLY in
that attribute. With our two-comp example this fails for lot_sqft AND
view (both differ in the same pair), which is exactly the article's
point.

d° o o° o° o° o° o°

identifiable_implicit_price(Attr) :-
comparable(A, B),
findall(X, attribute_difference(A, B, X, _, _), Diffs),
Diffs == [Attr].

CROSS-REFERENCES

Concepts the article cross-references (corresponding to the
\foundationsref{} macros in entry.tex).

d° % d° o° o° o°

cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).

Use this to enumerate the dimensions on which two comps actually vary.
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Lancaster, K. J. (1966). A New Approach to Consumer Theory. Journal of Political Economy, T4(2),
132-157.

Rosen, S. (1974). Hedonic Prices and Implicit Markets: Product Differentiation in Pure Competition. Jour-
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Prolog companion to Foundations Vol. 1, Issue 1, Article 002
Title: Characteristics Space
Author: Bert Craytor
Concept: characteristics_space
Version: 0.1.0-draft

A P A d° o ®
o° o° o° o ° o° o°

DICTIONARY IMPORT

o o° o°

:— use_module('../../../../tools/dictionary/dictionary"').
:— dictionary_release('dictionary-2026.1").

——— From the dictionary (loaded via :- use_module above) ——————————-
term(characteristics_space, "Characteristics Space", economic_theory,
"The characteristics space of a class of heterogeneous goods is
the vector space whose coordinates index the attributes that
buyers value, and in which each good is represented by the
vector of its attribute levels.", published, 'dictionary-2026.1').

term(heterogeneous_good, ...).
term(hedonic_price_function, ...).
term(implicit_price, ...).

eneralized_by(characteristics_space, lancaster_1966).
epends_on(characteristics_space, heterogeneous_good).

A° % A A° A° AP A° I AP O° O J° o°

9
d
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:— use_terms([ characteristics_space, heterogeneous_good,
hedonic_price_function, implicit_price,
comp_selection, sales_comparison_approach,
real_estate ]).

:— use_relations([related/2, depends_on/2, generalized_by/21).

ARTICLE SUBJECT

d° o° o°

article_concept(characteristics_space).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.002"').

LOCAL VOCABULARY

Narrow article-local field names + the dimensions of the worked
example's characteristics space.

d° o o° o° o° o°

local_term(dimension).
local_term(coordinate).
local_term(euclidean_distance).
local_term(distance_metric).
local_term(nearest_neighbor).

FORMAL ATTRIBUTION

d° o° o°

e

5 The construction is due to Lancaster (1966), as noted in citations.
attributed_construction(characteristics_space, lancaster_1966).

THE ARTICLE'S CLAIM ABOUT REPRESENTATION

A heterogeneous good becomes a point in a vector space. Each axis is
a characteristic buyers value; each good is the vector of its
attribute levels.

d° % o° o° o o° o°

representation_of(heterogeneous_good, point_in_vector_space).

% Examples of dimensions relevant to residential appraisal.
residential_dimension(gla_sqft).
residential_dimension(lot_sqft).
residential_dimension(view).
residential_dimension(cond).
residential_dimension(bedrooms).
residential_dimension(baths).
residential_dimension(age).
residential_dimension(quality).
residential_dimension(school_district).
residential_dimension(distance_to_amenity).
residential_dimension(zoning).
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% Examples of dimensions relevant to commercial appraisal — included
% to make the article's point that the dimensions shift with market.
commercial_dimension(lease_structure).
commercial_dimension(tenant_quality).
commercial_dimension(occupancy).
commercial_dimension(cash_flow_profile).

APPRAISER ENCOUNTERS

o o o° o° o°

Mapping appraisal practice onto the characteristics-space framework.

practice_to_space_correspondence(

sales_comparison_grid_line, coordinate_axis,

"A grid line is an axis.").
practice_to_space_correspondence(

comp_row, row_vector,

"A comp is a vector of coordinate values.").
practice_to_space_correspondence(

adjustment, movement_along_axis,

"An adjustment moves along one axis holding others fixed.").

WORKED EXAMPLE

The 8 Pacifica comps are points in a 4D characteristics space spanned
by GLA, lot_sqft, view, cond_numeric. Bring in the shared dataset.

d° o o° o° o° o°

:— consult('../../kb/pacifica_comps').

% Axes of the chosen space for this article's analysis.
axis(gla_sqft).

axis(lot_sqft).

axis(view).

axis(cond_numeric).

% Numeric encoding for non-numeric axes.
encode(view, no, 0).

encode(view, yes, 1).
encode(cond_numeric, 1, 1).
encode(cond_numeric, 2, 2).
encode(cond_numeric, 3, 3).

! coord(?Property, ?Axis, ?Numeric) is nondet.

Numeric coordinate of Property along Axis. Handles symbolic attribute
values by encoding them.

o° o° P o°

coord(P, A, N) :-
attribute_value(P, A, V),
( number(V) - N =V ; encode(A, V, N) ).

! point(?Property, -Vector) is det.

d° o° o°

Vector representation of Property in the 4D characteristics space.

point(P, [GLA, Lot, View, Cond]) :-
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coord(P, gla_sqft, GLA),
coord(P, lot_sqft, Lot),
coord(P, view, View),
coord(P, cond_numeric, Cond).

THE HYPOTHETICAL SUBJECT

o° o° o° o° o°

hypothetical_subject(subject).
attribute_value(subject, gla_sqft, 1700).
attribute_value(subject, lot_sqft, 7500).
attribute_value(subject, view, yes).
attribute_value(subject, cond_numeric, 2).

NAIVE EUCLIDEAN DISTANCE (the article's straw distance metric)

Computes the unscaled Euclidean distance between Property and the
hypothetical subject. Used to demonstrate that unscaled distances
mislead: the lot dimension dominates because its numeric range is
much larger than view (@..1) or cond (1..3).

d° A% d° d° P o° o° o°

naive_distance_to_subject(P, D) :-
point(P, V_P),
point(subject, V_S),
sum_of_squares(V_P, V_S, S),
D is sqrt(s).

sum_of_squares([], [1, 0).
sum_of_squares([X|Xs], [Y|Ys], S) :-
sum_of_squares(Xs, Ys, S0),

D is X -,
S is SO + D x D.

THE ARTICLE'S CENTRAL OBSERVATION

Under naive Euclidean distance, Comp H is the nearest neighbor. But
Comp H has no view and the subject does; view matters more to price
than the naive metric admits. The fix (developed in entries 003-005)
is to scale each axis by its implicit price.

d° % d° d° J° ° o° o°

claim(naive_metric_misleads,

"Unscaled Euclidean distance crowds out small-range axes (like view) under large-

The article tests distance metrics against this hypothetical property.

< range axes (like lot_sqft). A market-defensible distance scales each axis by its

<+ implicit price.").

DEFENSIBILITY QUESTIONS RAISED

d° o o° o° o°

Three questions the characteristics—space framing makes explicit.

defensibility_question(which_dimensions,
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"The choice of axes is a modeling decision. Defending an appraisal requires
—defending the axes, not just the values on them.").
defensibility_question(distance_metric,
"Untransformed Euclidean distance treats one sqft of GLA as equivalent to one sqgft
— of lot, which the market does not. Distance requires a scaling per axis.").
defensibility_question(extrapolation_region,
"If the subject sits in a sparsely-sampled corner of the space, no comp is truly
< close and the indication is extrapolative.").

INFERENCE RULES

o o° o°

! same_point(?A, ?B) is nondet.

Two properties occupy the same point in the characteristics space.
(Doesn't occur in the running example, but the article notes that it
would if all coordinates matched.)

d° o o° o° o°

same_point(A, B) :-
point(A, V),
point(B, V),
A \== B.

! nearest_neighbor_by_naive_distance(-P) is semidet.
The comp closest to the subject under the naive Euclidean metric.

Used to illustrate the article's point that the naive metric chooses
Comp H, not Comp A.

d° % o° o° o°

nearest_neighbor_by naive_distance(P) :-
findall(D-Q,
( property(Q), Q \== subject, naive_distance_to_subject(Q, D) ),
Pairs),
keysort(Pairs, [_-P|_]).

CROSS-REFERENCES

d° o° o°

cross_reference(heterogeneous_good).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).
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AT xR o]HA (heterogeneous good); 54 3 (characteristics space); FA7VA (implicit price);
Y HEA (hedonic regression).

B=: Prolog 343}

otefl 9] 714 B 7Hs3F B4 1t (003-hedonic-price-function.pl) = 229 P
FES FABRE Aotk o] it 2 EEF A EH 7157 Prolog Aol 2k U3H

E

2
=

rolog Z| A H|o] A 0] A] o]

003-hedonic-price-function.pl

Prolog companion to Foundations Vol. 1, Issue 1, Article 003
Title: Hedonic Price Function
Author: Bert Craytor
Concept: hedonic_price_function
Version: 0.1.0-draft

P P d°® P o ¥
o ° o° o° o o o°

DICTIONARY IMPORT

d° o° o°

:— use_module('../../../../tools/dictionary/dictionary").
:— dictionary_release('dictionary-2026.1").

——— From the dictionary (loaded via :- use_module above) —————————-
term(hedonic_price_function, "Hedonic Price Function", economic_theory,
"The hedonic price function is the equilibrium mapping from
points in the characteristics space of a heterogeneous good to
transaction prices, formed as the envelope of buyer bid
functions and seller offer functions in a competitive market.",
published, 'dictionary-2026.1').

term(bid_function, "Bid Function", economic_theory, ...).
term(offer_function, "Offer Function", economic_theory, ...).
term(sales_comparison_approach, ...).

term(cost_approach, ...).

term(income_approach, ...).

formalized_by(hedonic_price_function, rosen_1974).
depends_on(hedonic_price_function, heterogeneous_good).
depends_on(hedonic_price_function, characteristics_space).

A % A° A A A° A° A A° A A O° I I O° ° P o°

:— use_terms([ hedonic_price_function, heterogeneous_good,
characteristics_space, implicit_price, hedonic_regression,
bid_function, offer_function,
sales_comparison_approach, cost_approach, income_approach,
adjustment, reconciliation 1).

:— use_relations([related/2, depends_on/2, formalized_by/2]).

ARTICLE SUBJECT

o o° o°
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article_concept(hedonic_price_function).
article_issue(volume(1l), number(1l), year(2026)).
article_id('foundations.2026.003"').

LOCAL VOCABULARY

o o° o°

local_term(equilibrium).
local_term(envelope).
local_term(functional_form).
local_term(market_segment).
local_term(linearity).
local_term(separability).
local_term(time_adjustment).
local_term(coefficient).
local_term(intercept).

FORMAL ATTRIBUTION

o o° o°

attributed_formalization(hedonic_price_function, rosen_1974).

CONSTRUCTION: ENVELOPE OF BID AND OFFER FUNCTIONS

The Rosen (1974) construction: p(z) is the envelope of buyer bid
functions and seller offer functions.

d° o d° o° P o°

primitive_of_construction(bid_function, buyer).
primitive_of_construction(offer_function, seller).

constructed_as_envelope_of(hedonic_price_function,
[bid_function, offer_functionl).

emerges_from(hedonic_price_function, market_equilibrium).

% Property that flows from the construction: the function is not
% chosen by any single market participant.

property(hedonic_price_function, not_set_by_individual_participant).

property(hedonic_price_function, equilibrium_object).
property(hedonic_price_function, defined_per_market_segment).

APPRAISER ENCOUNTERS — IMPLICIT MANIPULATIONS OF p(z)

d° o° o°

implicit_manipulation_of_hedonic(
adjustment,
sales_comparison_approach,

"Asserts a local slope of p in the relevant characteristic dimension.").

implicit_manipulation_of_hedonic(
reconciliation,
multi_approach_valuation,

"Three approaches should converge on the same point of p; divergence requires

<+editorial judgment.").
implicit_manipulation_of_hedonic(
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time_adjustment,
market_analysis,
"p shifts over time; appreciation rates are statements about that shift.").

DEFENSIBILITY QUESTIONS

The article names three questions the hedonic-price-function framing
sharpens.

A° ° J° o° o° o°

defensibility_question(function_existence,
"In thin or rapidly-changing markets, the equilibrium function may be poorly
—defined; the inferential machinery operates on a shaky foundation.").
defensibility_question(segment_specificity,
"One function per market segment, not one function globally. Conflating segments
—1is usually wrong.").
defensibility_question(functional_form,
""Rosen showed only that p is an envelope, not its shape. Empirically nonlinear
< with interactions and thresholds; estimation requires defending the form.").

WORKED EXAMPLE: ADDITIVE LINEAR SPECIFICATION

For the Pacifica neighborhood, the article adopts the additive linear
specification:
p(z) = B0 + B_glaxz_gla + B_lotxz_lot + B_viewxz_view + B_condxz_cond

The next entry (004) takes the coefficients as implicit prices; entry
005 estimates them by hedonic regression.

0° % o A° ° AP d° o° O° o°

:— consult('../../kb/pacifica_comps').

specification_form(additive_linear).
specification_assumption(linearity_in_levels,
"Contribution of each characteristic is linear in its level.").
specification_assumption(no_interactions,
"Characteristics do not interact in the price function.").
specification_caveat(
"Both assumptions are testable and frequently violated; adopted here as a starting
< point.").

% Coefficient values reported in the article (estimated in entry 005,
% asserted here so this entry's worked example can be queried).

coefficient(intercept, 80777.07).

coefficient(beta_gla, 574.93).

coefficient(beta_lot, 22.70).

coefficient(beta_view, 86179.03).

coefficient(beta_cond, 49824.33).

%! predicted_price(?Property, —-Predicted) is det.

% The fitted additive-linear hedonic price function applied to a

% property's characteristics. Symbolic view/cond are mapped to {0,1}
% and {1,2,3} respectively.

predicted_price(P, Predicted) :-
coord(P, gla_sqft, GLA),
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coord(P, lot_sqft, Lot),

coord(P, view, View),

coord(P, cond_numeric, Cond),

coefficient(intercept, BO),

coefficient(beta_gla, Bg),

coefficient(beta_lot, B1),

coefficient(beta_view, Bv),

coefficient(beta_cond, Bc),

Predicted is B@ + Bg x GLA + Bl x Lot + Bv x View + Bc x Cond.

coord(P, A, N) :-
attribute_value(P, A, V),
( number(V) —> N =V

; A == view, V ==yes >N =1
; A ==view, V==no ->N=20
; V=N

)

THE CENTRAL CONCEPTUAL MOVE

The function exists, in principle, before estimation. The function is
a property of the market; estimation is recovery.

d° o o° o° o° o°

claim(function_precedes_estimation,
"The hedonic price function is a property of the market and exists conceptually
< prior to any specific fitted model. Estimation is recovery, and recovery may be
< partial, biased, or noisy.").

CROSS-REFERENCES

o° o o°

cross_reference(heterogeneous_good).
cross_reference(characteristics_space).
cross_reference(implicit_price).
cross_reference(hedonic_regression).
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Prolog companion to Foundations Vol. 1, Issue 1, Article 004
Title: Implicit Price
Author: Bert Craytor
Concept: implicit_price
Version: 0.1.0-draft

P A d° P o o o°
o ° o° o° o o° o°

DICTIONARY IMPORT

d° o° o°

:— use_module('../../../../tools/dictionary/dictionary').
:— dictionary_release('dictionary-2026.1").

——— From the dictionary (loaded via :- use_module above) ——————————-
term(implicit_price, "Implicit Price", economic_theory,

"The implicit price of a characteristic is the partial
derivative of the hedonic price function with respect to that
characteristic, evaluated at a point in the characteristics
space; it represents the marginal market price of an
incremental unit of the characteristic, holding all other
characteristics fixed.", published, 'dictionary-2026.1').

d° A% d° ° J° O° ° J° o° o°

term(hedonic_price_function, ...).
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term(paired_sales_analysis, ...).
term(adjustment, ...).

formalized_by(implicit_price, rosen_1974).
depends_on(implicit_price, hedonic_price_function).

d° o o° o° o° o°

:— use_terms([ implicit_price, hedonic_price_function, characteristics_space,
heterogeneous_good, hedonic_regression,
sales_comparison_approach, paired_sales_analysis, adjustment,
comp_selection 1).

:— use_relations([related/2, depends_on/2, formalized_by/2]).

% Provenance: the term originates with Rosen (1974).
formalized_by(implicit_price, rosen_1974).

ARTICLE SUBJECT

o° o° o°

article_concept(implicit_price).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.004"').

LOCAL VOCABULARY

d° o° o°

local_term(partial_derivative).
local_term(marginal).
local_term(total).
local_term(locality).
local_term(conditionality).
local_term(market_dependence).

IMPLICIT PRICE AS PARTIAL DERIVATIVE

d° o° o° o° o°

n_i(z) = ap(z)/ez_1

implicit_price_definition(
"Implicit price of characteristic i at point z = partial derivative of p with
< respect to z_i, evaluated at z.").

unit_of_implicit_price(continuous, "dollars per unit of the characteristic").
unit_of_implicit_price(binary, "the full premium between the two states").

THREE PROPERTIES OF IMPLICIT PRICES (per the article)

o o° o°

property_of_implicit_prices(local,
"The implicit price of GLA at 1,650 sf is not necessarily the same as at 2,500 sf.
< p 1is generally nonlinear; partial derivatives vary with location.").
property_of_implicit_prices(conditional,
"Implicit price depends on where the OTHER characteristics are held fixed. View
< premium on a beachfront submarket differs from inland.").
property_of_implicit_prices(market_dependent,
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"Implicit prices are equilibrium prices reflecting the current buyer pool. Market
<> shifts change implicit prices even when characteristics do not.").

IMPLICIT-PRICE / ADJUSTMENT EQUIVALENCE

Every adjustment in a sales—comparison grid can be READ as asserting an
implicit price applied to a characteristic difference. This is an
interpretation of what the adjustment asserts, not a description of how
traditional adjustments are derived in practice.

d° A% d° d° J° o° o° o°

adjustment_as_implicit_price_application(
"Interpretation: adjustment magnitude = (implicit price of attribute at relevant
< point) x (characteristic difference between comp and subject) —— what the
—+adjustment asserts, not how it is derived.").

adjustment_derivation_in_practice(
"Traditional adjustments are estimated directly ——— from matched pairs, experience
—, or peer practice ——— without computing the underlying value contributions; the
<+ traditional grid records only the adjustments themselves.").

LINEAR-FORM IMPLICIT PRICES (from entry 003's adopted specification)

Under the additive linear specification, implicit prices ARE the
regression coefficients. The article reproduces them:

o o o° o° o° o°

:— consult('../../kb/pacifica_comps').

% Implicit price per characteristic, as inherited from the additive

% form of p adopted in entry 003.

implicit_price_of(gla_sqft, 575.00, "per square foot").
implicit_price_of(lot_sqft, 22.70, "per square foot").
implicit_price_of(view, 86179.03, "per yes/no").
implicit_price_of(cond, 49824.33, "per step on the ordinal scale").

PAIRED-SALES DECOMPOSITION: COMP A vs COMP B

Returns to the article-001 paired comparison and decomposes it using
implicit prices.

Comp A and Comp B share GLA, bedrooms, baths, condition.
They differ in: view (+1) and lot_sqft (+1800).
Predicted differential 86179 + 40860 = 127039.
Observed differential 145000.

Unexplained 17961 (~$18,000).

d° % d° A° O A° O° O° P O° o° o°

paired_sales_decomposition(comp_a, comp_b,

[ contribution(view, 86179),
contribution(lot_sqft, 40860) 1,

127039,

145000,

17961).

% Derived from the data + coefficients (for the linter to type-check
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% against the dataset rather than the hand-computed values).
contribution_for_pair(A, B, Attr, Contribution) :-

coord(A, Attr, VA),

coord(B, Attr, VB),

Diff is VA - VB,

Diff =\= 0,

implicit_price_of(Attr, Pi, _),

Contribution is Diff x Pi.

% Tiny coord helper for symbolic view/cond values.
coord(P, A, N) :-

attribute_value(P, A, V),

( number(v) —> N =V

; A == view, V ==yes >N =1
; A ==view, V==no ->N=20
; V=N

).

MARGINAL vs TOTAL CONTRIBUTION

The article emphasizes the distinction. The implicit price of lot is
$22.70 per square foot (marginal); the TOTAL contribution of Comp A's
9,000-sf lot is 9,000 x 22.70 = $204,300.

d° % o° d° o o° o°

distinction(marginal_vs_total,
"Implicit price is MARGINAL ($22.70 per additional sqft of lot). Total
< contribution of a 9,000-sf lot is 9,000 x $22.70 = $204,300. Confusing them is a
< common source of error in everyday appraisal language.").

! total_contribution(?Property, ?Attribute, -Total) is det.

o o° o° o°

Total dollar contribution of a characteristic to a property's bundle
price under the linear specification.

total_contribution(P, A, Total) :-
coord(P, A, V),
implicit_price_of(A, Pi, _),
Total is V x Pi.

DEFENSIBILITY QUESTIONS RAISED

o o° o°

defensibility_question(location_in_space,

"An implicit price is defensible only when estimated near the subject's location
< 1in characteristics space; a view premium from inland comps applied to a beachfront
< subject extrapolates into unknown territory.").

defensibility_question(local_geometry,

"If view interacts with lot size, treating them as additively separable
<> misspecifies the function. The implicit price of view depends on lot.").

defensibility_question(epistemic_provenance,

"Paired-sales analysis, regression coefficient, industry rule, and professional
— judgment all point to the same quantity but have different epistemic standing.
< Defensibility requires declaring the source.").

o° o°

CROSS-REFERENCES
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[
6

cross_reference(heterogeneous_good).
cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(hedonic_regression).
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comps <- read.csv("shared/data/pacifica_comps.csv")
fit <- 1lm(price ~ gla + lot + view + cond, data = comps)
summary (fit)

=9

Call:
Im(formula = price ~ gla + lot + view + cond, data = comps)

Residuals:
Min 1Q Median 3Q Max

-17995 -8243 -5433 -1409 46455
Coefficients:

Estimate Std. Error t value Pr(>ltl])
(Intercept) 80777.07 164509.35 0.491 0.6571
gla 574.93 109.76 5.238 0.0135 *
lot 22.70 10.38 2.187 0.1165
view 86179.03 31342.97 2.750 0.0708 .
cond 49824.33 27761.27 1.795 0.1706
Signif. codes: 0O '#%*x' 0.001 '*xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 30481 on 3 degrees of freedom
Multiple R-squared: 0.9707, Adjusted R-squared: 0.9317
F-statistic: 24.86 on 4 and 3 DF, p-value: 0.01231

4. AgE nae dwy HAESE ot go] £k

p(z) = 80,777 + 575 zgLa + 22.70 210t + 86,179 Zyiew + 49,824 2eond-

% AsE S B4 248 FALACI. GLA £ ABTEY $575 & 7]ojsln] (R0}
Vg F3 §0)40] 4 7 s}uh, w2 m A m] 7} S5 Ak oF $56,000 & 7]oigiey. ATElsL 7 @
A oz oAy “Fa o4 <S5 2) dieF 850,000 €] 7117} Sl

% /1 feltlo] 2oz o] Br.

g0 oh§- Atk B2 g el A5 ) Aol D2 A AGEL ARl HELAE
292 WA, o2 A o) pghe AAAOR TRE el B4R 0.05 R0l o274 Rateh



The Valuation Engineer o 71Z 71'8 (Foundations) R

ol Ao|th
A4 Agr = st 24 R2=0.93 3 29 p-3f 0.012 = Z3F H =
= Hot, 7t A9t Aot oket A {oAd o 22 thEgA
ZAolty. GLA, thA], A=H7F 22 QtoA] 37 2] o]7] &

o
L8

ol
ol
el
i
N
N
do
i
4
|
v
R
=
B
fu)
R
_)i(‘
rr
+
<L
g
(@]
T
ot
ot
o
=)
=
R
>
.
o
=

A R BE £618,000 B4 Qo] St vlaAE H o Pz} A @] &
ot BEE 1ML T WAR 2 239 A9 A we] Wek 2712 AAHOR B
otk

°]

AuSkSIA R, o LR Ao A BAA o2 fRe AL BA eherh HAL B
A, #2)2 ol 2 =

lof
fu
rr
e,
o
>
20,
rr
=]
A
©
fu
o
k=
ok
iz
o,
o

Court, A. T. (1939). Hedonic Price Indexes with Automotive Examples. In The Dynamics of Automobile
Demand. General Motors Corporation.

Griliches, Z. (1961). Hedonic Price Indexes for Automobiles: An Econometric Analysis of Quality Change.
In The Price Statistics of the Federal Government. National Bureau of Economic Research.

Rosen, S. (1974). Hedonic Prices and Implicit Markets: Product Differentiation in Pure Competition. Jour-
nal of Political Economy, 82(1), 34-55.

Triplett, J. E. (2006). Handbook on Hedonic Indexes and Quality Adjustments in Price Indezes. OECD
Publishing.

AT Az oA (heterogeneous good); 573 53t (characteristics space); =Y 7FA TS (hedonic
price function); ZA7VA (implicit price); FHHS (latent variable).

FE: Prolog 3413}

otgf o] 714 T= 715k H4 1t (005-hedonic-regression.pl) = 22| 9] Prolog Z|A|H]|o] o] A o] &
T2 FASRE Aol o] 2 E7} oA G 7HsRt Prolog AR 2k WPt

005-hedonic-regression.pl

Prolog companion to Foundations Vol. 1, Issue 1, Article 005
Title: Hedonic Regression
Author: Bert Craytor
Concept: hedonic_regression
Version: 0.1.0-draft

P P ° B N X
o ° o° o° o o o°

DICTIONARY IMPORT

d° o° o°

:— use_module('../../../../tools/dictionary/dictionary").
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:— dictionary_release('dictionary-2026.1").

——— From the dictionary (loaded via :- use_module above) ——————————
term(hedonic_regression, 'Hedonic Regression', econometric_method,
"Hedonic regression is the estimation of the hedonic price
function from observed transactions in a heterogeneous—goods
market, yielding empirical estimates of the implicit prices of
the characteristics that enter the model.",
published, 'dictionary-2026.1").

term(mass_appraisal, ...).
term(automated_valuation_model, ...). % synonym: avm
term(omitted_variable_bias, ...).
term(multicollinearity, ...).

term(residual, ...).

term(ordinary_least_squares, ...).

introduced_by(hedonic_regression, court_1939).
introduced_by(hedonic_regression, griliches_1961).
formalized_by(hedonic_regression, rosen_1974).
depends_on(hedonic_regression, hedonic_price_function).
depends_on(hedonic_regression, implicit_price).

A % A° d° A% A° A° A% A° A° A O° I° AP I° I° I I° O° o° o°

:— use_terms([ hedonic_regression, hedonic_price_function, implicit_price,
characteristics_space, heterogeneous_good, latent_variable,
mass_appraisal, automated_valuation_model,
omitted_variable_bias, multicollinearity, residual,
ordinary_least_squares,

sales_comparison_approach, paired_sales_analysis, adjustment 1).

:— use_relations([related/2, depends_on/2,
introduced_by/2, formalized_by/2]).

ARTICLE SUBJECT

d° o° o°

article_concept(hedonic_regression).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.005"').

LOCAL VOCABULARY

o o° o°

local_term(specification).
local_term(coefficient).
local_term(standard_error).
local_term(p_value).
local_term(r_squared).
local_term(adjusted_r_squared).
local_term(residual_standard_error).
local_term(degrees_of_freedom).
local_term(f_statistic).
local_term(significance_level).
local_term(diagnostic).

o° o°

THE EMPIRICAL BRIDGE
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Hedonic regression is the bridge from theoretical p(z) to a sample of
observed (z_i, p_i) pairs.

o® o° o° o°

setup_of_regression(
each_transaction_supplies_pair("(z_i, p_i): characteristics vector and sale price
kﬁ\II)’
sample_from("the unobserved hedonic price function"),
fits("a functional form to that sample, estimating parameters")).

THREE MODELING CHOICES (per the article)

o o° o°

modeling_choice(which_characteristics,
"Determines the dimensions of the estimated function. Omission causes
—»>omitted_variable_bias.").
modeling_choice(functional_form,
"Constrains what shape the estimated function can take. Linear, log-linear,
<+ polynomial, basis—expanded, semiparametric, ML.").
modeling_choice(estimator,
"O0LS, GLS, robust, quantile, spatial, penalized. Determines optimization criterion
— and inference assumptions.").

PRACTICE CONTEXTS WHERE REGRESSION IS THE ENGINE

o° o° o°

regression_engine_context(mass_appraisal,
"Assessor revaluation of 100,000 parcels annually.").
regression_engine_context(automated_valuation_model,
"Zillow/Redfin/lender AVMs; tree ensembles are conceptually hedonic estimators.").
regression_engine_context(single_property_appraisal,
"Regression coefficients support adjustments more defensibly than appraiser
< intuition.").

DEFENSIBILITY PROFILE: REGRESSION vs PAIRED-SALES

o° o° o°

advantage_over_paired_sales(uses_all_data,

"Regression uses all available sales rather than two at a time.").
advantage_over_paired_sales(simultaneous_control,

"Isolates one characteristic while controlling for many others.").
advantage_over_paired_sales(quantified_uncertainty,

"Produces standard errors quantifying uncertainty in each implicit price.").

tradeoff(functional_form_constraint,

"Regression imposes a form that may not match the true price function.").
tradeoff(data_requirement,

"Requires more observations than paired-sales analysis.").
tradeoff(sample_specification_sensitivity,

"Results can be sensitive to the choice of sample and specification.™).

RECURRING DEFENSIBILITY QUESTIONS

o o° o°
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defensibility_question(sample_appropriateness,
"The regression estimates the function for the sample's market segment and time
<+ period; mismatch is a defensibility failure regardless of statistical fit.").
defensibility_question(specification_appropriateness,
"Linear is a strong assumption; diagnostics, residual plots, and alternative
— specifications belong in the defensible workflow.").
defensibility_question(standard_error_interpretation,
"Standard errors capture sampling variability under the assumed specification, NOT
<~ misspecification, omitted-variable bias, or sample selection.").
defensibility_question(triangulation,
"Regression coefficients should be consistent with paired-sales, cost components,
<»and local appraiser opinion; isolated coefficients are an invitation to
—»investigate.").

WORKED EXAMPLE: lm(price ~ gla + lot + view + cond)

o° o° o°

i— consult('../../kb/pacifica_comps').

% The fitted model.

fit_call("m(formula = price ~ gla + lot + view + cond, data = comps)").
fit_estimator(ordinary_least_squares).

fit_software(r_1lm).

% Fitted coefficients, with standard errors and significance from
% the R output reproduced in the article.
fitted_coefficient(intercept, 80777.07, 164509.35, 0.491, 0.6571,

1 I).
fitted_coefficient(gla, 574.93, 109.76, 5.238, 0.0135, 'x').
fitted_coefficient(lot, 22.70, 10.38, 2.187, 0.1165, ' ').
fitted_coefficient(view, 86179.03, 31342.97, 2.750, 0.0708, '.').
fitted_coefficient(cond, 49824.33, 27761.27, 1.795, 0.1706, ' ').

% Diagnostics from the R output.
residual_summary(min, -17995).
residual_summary(ql, -8243).
residual_summary(median, -5433).
residual_summary(q3, -1409).
residual_summary(max, 46455).

model_summary(residual_standard_error, 30481).
model_summary(degrees_of_freedom, 3).
model_summary(r_squared, 0.9707).
model_summary(adjusted_r_squared, 0.9317).
model_summary(f_statistic, 24.86).
model_summary(model_p_value, 0.01231).

INTERPRETIVE CAVEATS FROM THE ARTICLE

d° o° o°

caveat(tiny_sample,
"n=8, four predictors, three residual df. Standard errors are correspondingly wide
—; lot/view/cond fail to reach the 0.05 threshold despite economic plausibility.
<> Small-sample artifact.").

caveat(structural_multicollinearity,
"Adj R™2 = 0.93 with model p = 0.012 indicates strong joint fit; weak individual
—»significance is a textbook multicollinearity signature. Here GLA, lot, and
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<~ condition covary in the sample.").

caveat(comp_h_residual,
"Comp H's residual is +$46,455; the other seven fall within +/-$18,000. The model
—»systematically under-predicts Comp H by ~3x the next-largest residual. NOT noise.
< Signal of an unobserved characteristic.").

RELATING TO PAIRED-SALES (entry 004)

The regression's implicit prices ARE the values used in entry 004's
paired-sales decomposition of A vs B. The regression generalizes that
logic to all 8 comps simultaneously while reporting standard errors
that paired-sales reasoning cannot produce.

d° % o° o° o° o° o° o°

confirms_paired_sales_from(entry_004,
"A vs B differential of $127,039 from view and lot alone — coefficients are the
<+ same; regression confirms the paired analysis while adding standard errors.").

RESIDUAL OF COMP H POINTS FORWARD TO ENTRY 006

o o° o°

points_forward_to(latent_variable,
"Comp H's anomalous +%$46,455 residual is the signal that an unobserved
< characteristic is contributing to price. Entry 006 takes up the question.").

PREDICTED PRICES FROM THE FITTED MODEL

Computes predicted price from the fitted coefficients. The residual
for each comp is sale_price - predicted_price.

d° o o° o° o° o°

predicted_price(P, Predicted) :-
coord(P, gla_sqft, GLA),
coord(P, lot_sqft, Lot),
coord(P, view, View),
coord(P, cond_numeric, Cond),
fitted_coefficient(intercept, B0, _

’ p— ) p— _)’
fitted_coefficient(gla, Ba, _» _v _» )y
fitted _coefficient(lot, BL, _, _, _, _),
fitted_coefficient(view, Bv, _, _, _y _),
fitted_coefficient(cond, Be, _, _y s ),
Predicted is B@ + Bg x GLA + Bl x Lot + Bv x View + Bc x Cond.

residual_of(P, R) :-
sale_price(P, Observed),
predicted_price(P, Predicted),
R is Observed - Predicted.

coord(P, A, N) :-
attribute_value(P, A, V),
( number(V) -> N =V

; A == view, V ==yes >N =1
; A==view, V==no ->N=20
; V=N

).
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CROSS-REFERENCES

d° o° o°

cross_reference(heterogeneous_good).
cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).
cross_reference(latent_variable).
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Psychology, 15(2), 201-292.

Bollen, K. A. (2002). Latent Variables in Psychology and the Social Sciences. Annual Review of Psychology,
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e Fx: EA 33 (characteristics space); Sl Y 7VARS (hedonic price function); FAH7HA
(implicit price); S|I=9 3HEA (hedonic regression).

HE: Prolog @43}
ot ] 714 |= 7Hs$ H<4 ot (006- 1atent variable. pl) 2 2.2]9] Prolog A|AH|o] A0 A o] =S
AR Aoltt. o] od2 EFE 3 34 A 7158 Prolog A 2 Wl H T},

006-latent-variable.pl

Prolog companion to Foundations Vol. 1, Issue 1, Article 006
Title: Latent Variable
Author: Bert Craytor
Concept: latent_variable
Version: 0.1.0-draft

A P X d° I X
o° o° o° o ° o° o°

DICTIONARY IMPORT

o o° o°

:— use_module('../../../../tools/dictionary/dictionary"').
:— dictionary_release('dictionary-2026.1").

—-—— From the dictionary (loaded via :- use_module above) ——————————-
term(latent_variable, "Latent Variable", measurement_theory,
"A latent variable is an unobserved attribute that influences
observed outcomes, whose value must be inferred from its
effects on observable variables rather than measured directly.",
published, 'dictionary-2026.1').

term(residual, ...).

term(omitted_variable_bias, ...).

term(proxy_variable, ...).
term(residual_constraint_approach, ...). % synonym: rca

introduced_by(latent_variable, spearman_1904).
formalized_by(latent_variable, bollen_2002).
introduced_by(residual_constraint_approach, craytor_2025).
depends_on(latent_variable, characteristics_space).

A % A° I A A° A° A A° A° I I° I° I O ° o°

:— use_terms([ latent_variable, residual, omitted_variable_bias,
proxy_variable, residual_constraint_approach,
characteristics_space, hedonic_price_function,
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implicit_price, hedonic_regression 1).
:— use_relations([related/2, depends_on/2,
introduced_by/2, formalized_by/2]).

ARTICLE SUBJECT

o o° o°

article_concept(latent_variable).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.006').

LOCAL VOCABULARY

d° o° o°

local_term(unobserved).
local_term(noise).

local_term(signal).
local_term(structured_signal).
local_term(uad_3_6).
local_term(c3_condition_rating).
local_term(mls).
local_term(permit_records).
local_term(neighborhood_micro_effect).

THE CENTRAL CLAIM

d° o° o°

claim(latent_variables_accumulate_in_residuals,
"Unobserved-but-relevant attributes do not vanish when omitted from the model;
< their effects accumulate in the residual, appearing as noise from the model's
— perspective but as structured signal from the data-generating process's
< perspective.").

claim(residuals_are_mixture,
"Standard regression theory treats residuals as iid Gaussian noise; the latent-
—»variable view treats them as a mixture of sampling noise AND signal from
<»unobserved attributes.").

THREE CONTEXTS WHERE APPRAISERS ENCOUNTER LATENT VARIABLES

o o° o°

appraiser_encounter(quality_and_condition_proxies,
"UAD 3.6 'C3 condition' is a single ordinal scale collapsing a multi-dimensional
< construct (deferred maintenance, finish wear, mechanical-systems age, presentation
<+ ). The rating is a proxy_variable for a latent construct.").

appraiser_encounter(unexplained_grid_disagreement,
"When three adjusted comps disagree by more than expected, the disagreement is
< rarely all sampling noise; usually reflects an attribute not yet identified or
—adjusted for.").

appraiser_encounter(unobserved_recent_improvement,
"A recent remodel, roof replacement, or permitted ADU buildout may be observable
< 1in person but not in MLS/assessor data — observable to the appraiser but latent
< to the regression.").
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DEFENSIBILITY ISSUES

d° o° o°

defensibility_issue(omitted_variable_bias,
"If a latent variable is correlated with an observed variable, its effect leaks
<+ 1into the observed variable's coefficient. Observed-variable coefficients are
< conditional on what is missing from the model.").

defensibility_issue(residual_interpretation,
"Treat residuals as a mixture, not pure noise. A residual that correlates with
— location, sale date, appraiser identity, or any other observable suggests the
< latent variable can be partially recovered.").

defensibility_issue(model_selection_limits,

"The latent variables that matter most are often hardest to add (condition fine-
<»grain, quality, micro-locational effects). Sometimes the defensible response is to
<> allocate the unexplained variance to the residual rather than force-fit
< additional variables.").

WORKED EXAMPLE: COMP H'S ANOMALOUS RESIDUAL

o° o° o°

:— consult('../../kb/pacifica_comps').

% Comp H's regression residual from entry 005.
comp_h_residual_dollars(46455).

% The latent attribute revealed by investigation.
comp_h_latent_attribute(kitchen_remodel).
comp_h_latent_attribute_value_estimate(60000).

Why the estimated residual is smaller than the latent attribute's
true contribution: regression spreads small portions of the latent
effect across correlated coefficients, biasing them upward.
residual_smaller_than_truth_explanation(

"Regression spreads small portions of the latent effect across the other
—scoefficients via correlations, biasing them slightly upward in correlated
<~ dimensions.").

o o° o°

THREE OPERATIONAL CONSEQUENCES

d° o° o°

operational_consequence(outlier_residual_is_evidence,
"The first response to Comp H's residual is to investigate, not to drop. An in-
—sperson inspection or permit search reveals the remodel; the model's failure has
<~ diagnostic value.").

operational_consequence(other_coefficients_slightly_biased,
"View, condition, and lot coefficients absorbed small fractions of the remodel
—»effect via correlations with Comp H's observed characteristics. Bias is small at n
<=8 but not zero.").

operational_consequence(residuals_carry_recoverable_structure,
"Residuals in residential appraisal data are systematically not iid Gaussian. They
< reflect structured contributions of unobserved attributes that can be partially
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<~ recovered: this is the Residual Constraint Approach intuition.™).

CONNECTION TO RESIDUAL CONSTRAINT APPROACH (RCA)

The single-comp illustration here is the simplest case of the RCA
intuition. With richer modeling, residual structure is partitioned
into recognizable latent factors.

d° A% o° d° o o° o°

framework_reference(residual_constraint_approach, craytor_2025).

rca_intuition(
"Treat the residual itself as a latent-variable signal to be modeled rather than
<s»discarded. Latent variables are not a nuisance to be controlled away; they are the
— next frontier of defensible valuation modeling.").

rca_factor_examples(
[condition_fine_grain, quality_fine_grain, functional_utility]).

% Two—-level condition/quality structure (RCA protocol; mirrors the prose).
rating_levels(condition, condition_coarse_grain, condition_fine_grain).
rating_levels(quality, quality_coarse_grain, quality_fine_grain).

coarse_to_fine_grain_protocol(
"Regress on the appraiser's coarse—-grain C1-C6/Q1-Q6 ratings to obtain approximate
» value contributions; move those contributions out of the measured attributes back
< 1into the residual; reassign them to the fine-grain latent variables and refine
—ragainst MLS public remarks. In the end, the fine-grain value contribution replaces
the coarse-grain value contribution.").

INFERENCE RULE: anomalous-residual detection

A property's residual is "anomalous" if its magnitude exceeds the
typical residual band reported in entry 005 (+/-$18,000 for the other
seven comps). Useful for flagging properties whose hedonic prediction
suggests a latent attribute warrants investigation.

d° % d° ° P ° o° o°

typical_residual_band(18000).

anomalous_residual(P, R) :-
comp_h_residual_dollars(R@), % stand-in: this entry references the

% residual computed in entry 005; future

% integration would pull from there.

P == comp_h,

R = RO.

CROSS-REFERENCES

d° o° o°

cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).
cross_reference(hedonic_regression).
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A AL Z5 A2 Tt 247t Ht

AZGIAASAA (NA). Directive (EU) 2024/1275, = N4 AEANHA 452 (Energy
Performance of Buildings Directive, EPBD) <= 2024 & 5 € 8 & ¥H o] A= o] 2024 A 5 & 28
Q was|oct. sla5e] U AT 19-L 2026 W 5 8 20 Aol 1 EPBD £ oje] 74 12
o PR SoiF %0l 1 W MFEA A2 AL 16 HAES} 37 B2 AT 43 MAE

et HESE A X6 = otal, HAoUA]4d-57] (MEPS) & AA s, 2028 WRE 4l
3=l 2030 @FE e AS Ao FHilE HES 2561, 2030 AR H A5 A=
QAL WIS B sk

Jg7HAkell thek AARE. 7R EPBD = o8 =& &of T84 B7tol] dF=2 vl Aol a4
A5 714 = AA =500 715k M= fF3 9 RIS ¥, oY A]4d-5205A4 (EPC)
T2 TAEN Y-S A BFoA M-S Ao 8% ajlo] =Y, A4 E4E T AR
H|-§2 7P A 22 A A W8 A4-2] SA|of §Eg = ofof ettt A H B 7R Eet FE4]

! (Mortgage Credit Directive) ©] A-8-2 W= fj&7]|HE0] GEF 7oA EPC 553 MEPS
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Court of Justice of the European Union (8 A ZAHHATA)

GR Real (Case C-351/23). Court of Justice of the European Union(-f 3 & tAFH A T4,
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European Court of Human Rights(f9 @A T4)

Baku(¥H) A€ EA A4 (Azerbaijan, ofA| 2Hlo]|Z), 2025 & 7 ¥ WA, FEuropean Court
of Human R1ghts( FEAAATA), Al 1 F7HPA A1 xR

T4 OF‘JZHTJML g=ro] A7 A¥S Sof HYet Baku ixﬂ Ao A7 9 83 wdste] At
4 H.esl s A2 st} Ea]-/\‘d 2 A4 FY o] BARS AASHHA 4134l
So] Al2g WAHTIAS A3 o) e e 0|52 A °*°*7, Heo] Ax= ofFet 7t
oA el gantS At 27 glo] Adske lﬂrﬁ?o}oﬂt’r Agas At Eafof tisto] £
€75,000, B]A}4:HA Eofjof] thate] €3,000, 4%H]-8of thote] €1,055 & 111 St 2 st
BB ARt AR, o] TE 2 8 AAfolA =] Hdo] AFste B7F $71E olvE A5
01 Al shofof sfal, o] o=t %*1394 A= diste] 41719 ﬂéﬂiLHE Hﬂﬂo}h 2 A o &=
ol#7} XMFM of ?tth= Al 1 F7HE A Al 1 = W 9] 55 ottt 8 9 ARG 99
ANM &-sshe FHe AAB7IANA o] A2, BIPE LA S| A4 ‘*WP“ — AR A
7 EX*X] =F, IV 24 SRS BAA =7 — o] I ANV =7E AR & B
£ S Asl] 9ol AEE wol= 1 AR 7| RAe] BA7 fck B Bz
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France(Zg2)

Cour de cassation, Chambre commerciale, 19 June 2024, n°® 22-24.169. (Z&A 1}7]
AR 2025 G7HA] AE7F =B oA TRl

7] L2 AEA valeur vénale(T =2 H'E, A7EA]) EA ] wgofl A, ThA] A1 AR (/4454
de cujus & A7) o]F-o] ] 01 1 Ab&s HEARo] mjufj = A&l 50| Tz AlA1SH valeur vénale &
steF Aot ol AHEE & gloH, ]L A wfjuf Z7FA o] dA 5] WL UHUH7} AL & R Wl

o]F o - = vpE7LA] E}ﬂ A AT o] HEL AEA A9 valeur vénale 7F THA] @I

i

=

Aol M-S 7o R AAEM T2 B5ito] AR A E Fxcte] £4H7] dethe 928 4
83+ Zo|rt.
AP EARl iRt AAR. o] |AL A AFEA] AR AAR 7|EAH HAS Eelsty, 7t
2ol Pt g FARA AT w7}t Zhe WIS ARe. A AEA GoE Adcke
A7 ZIEAIA s 1 o] o] Al 71 25ke] 2FA Q] v wrju] FA 5 gHHE koo 5}
g B4 A 0] AL wim & Q) SA R AA st A= ¢F "Jrh. 22 =2 FoIA (droits de
donation, =0t & EUAlE) oF F-5A] (IFI) o=k s 7Hs/do] &t

Cour de cassation, 3° Chambre civile, 8 January 2026, n® 23-22.803. 2}5|4 (H|AFHZ)
AHEIA.
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TG 7 Al Tt AARE. o] A2 j o] ARt AL (experts judzczaz'res AL = FHr
A 2) o] & gl A 2 H expertises immobilieres(QAAHZE| 2 o]l @ o2 BFAi 744 9
A A9E, BaAT A9 PR 2 Eooku 40 Sagel B4z s 2
5 zrdom Jokdth, 4%, o2, A} A ChEolAlL WIS Ssht e 1B A
Al o] WAL 17 o= EJ—*V} T& aFolA JIEE Y8E 4 Qe o gt 7S nhRls] &



o 29E SYA (DAT] F4A, A ol IA Ei AXWAY FEA) & AT A
of 7)ol A WS B B 2 FE 7)ol o] 8 FashAct

Bundesfinanzhof, 2025 d 11 € 12 ¢ &4 (II R 25/24, II R 31/24, II R 3/25). Grund-
steuer Bundesmodell( 1Z2EqrEolo] A Rd) 3 72 — |HA A4tA B71 AA < &34.
=L AYAEHY (Bundesfinanzhof, BFH) Al 2 F-= Al 10| W3] 4FaL AAfolA, 2025 @ 1 4 1
LFE ABHE AN AEA (Grundsteuer, TEEFEC]C]) o] 5244 5L 11 7 FoA 718 F-&
At g 7to]| H-GE|= o] 28 Bundesmodel (AR ) ot =2t F7PEH (Ertragswertverfahren,
2 EgtasH 2 Eojutdl) of ¥t o] ehdolztal ®ASHA Y. ¥ilE-2 North Rhine-
Westphalia (i 2 E 2} 8] A E Zl) Saxony(2H4l), Berlin(#]23) o] ofutE A4S 24, 327
Q1 B7F o] A BedA] (712K A 3 £ Al 1)) o fHEL AAA o m BAEE Tholl S
APERTE o2 AHAIE0l it HAIE7HE tHE .

BFH = d¥HA7 HE A 2 AR 232 W2 = (konzeptionell einer Verkehrswertorientierung
folgt) B7F AAE WHESLL, ol B7F tiAd AAloll 24 A o2 547 (gemeiner Wert, A7}
ol HIZE) o] M| QoA “ATH o2 AMHQ] FHFAit 7Fl» of T T AA & Jlthal A
SEITE AitAs HAE B Al o] Haet et Al HAH o s phtE = Ede 2 Y
of o] AN A 5188 Aol HAE A gFton, At 714 7J4S Tl =22 “J7t
AA” & mote o e HlE2 £ Aol ¥4 518 H oty Bkt BFH = E3F AR 2024
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ok

A}

| 5 4 27 A2 T BFH Beschlisse(Hl&FAl, 274) (I B 78/23 R 11 B 79/23) = SH & Hiof| op
2} § 198 BewG(H7HH 7 198 %) of ot AA AAH7E Tl o W2 F7HA] (gemeiner Wert)
£ 95T & de AU E BERSthe A& AEsHHA, ohgh 1 22 spole g o g A B
At 7 B7IAE A E HoPER S A-8oto] ARt AR A 2 SR E|ofof fhthe A|gho]

wEcta s,

Bund der Steuerzahler Deutschland(52EAAAY) @t Haus & Grund Deutschland(5ETFEEA
22rgel) 7F A dohs AP (Verfassungsbeschwerde, o1t 2| 2H]) o] Az AR
S 1 BvR 472/26 S 2 ALAHAY A (Bundesverfassungsgericht) ol A& & olth.

A7 A "iet AJARE. o] 3 BARE i i 71t F 7 58T =Y Feat BoF H
ojtt. AAFIIALNA FH AFZH Ait=, Bundesmodell o Tet A H Grundsteuerwert(1E
EfFEOHZE, A4tA] 7o) 7} tid FE54e] AA] A7HAE 2t 202 Hole AL
Qtoll A § 198 BewG AFQ] “A 71" 7+ 7} (Verkehrswertgutachten zum Nachweis des niedrigeren
gemeinen Werts) °ll et 487} &obzlth= Holth. BFH 7} o] =& PAIH o2 SQlstiA®
Bundesmodell ARV AH 02 258 ek A3}, AABARTAL oA AAY Tepgri2
B 18 AAE Ak A5 d o] Holth. ARH AL Teld naAs] =t Asd ez
=olg A2 A4St ImmoWertV 2021(F-5A7H2 871 2021) WHEY § 198 BewG o] 27
oM Shofof ettt BVerfG ol A% 59 A4 (1 BvR 472/26) 2 o] 5ol F7F Het 9l
S5 gdets o Fasteg FAL dart ooy, vt 27] xte] Fa FAVE 2 AoRw AN
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Bundesfinanzhof, 2025 {d 10 € 7 € ¥4, IX R 26/24. EX|¢} AE 7 vjuidjZ 82 (Kauf-
preisaufteilung, 7FEILeto| Aol TEFQJUF). FAHE At B34S 72 (Absetzung fiir
Abnutzung, AfA) 7127t o] EAIE A5A] ARHOA, ALAHFZHE Al 9 F= A wiuitha-2 7
732y diigol] obd EX| B8 (Grund und Boden) ¥t 732 i) AE B& (Gebiude) ©-Z 1Y
ot HHES oEd. dis2 A F-54te] £ Xl tste] 7= 257t A= qtstA|
A8 E o] 7] gth= o2, YA o] Bodenrichtwerte (R 25| EH|Z2H]|, 7]FX]|7}) of o]&39t A

il
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H7EA] tiet AARE. o] BA 2 v tE HiZoll ¥t TmmoWertV 7} 914 H71 12 9]
d-& &<lsh= BFH B9 55 (53] A 21832025 A 11 € 12 ¥ BFH I R 25/24, 1]
0]79] 2022 | 9 ¥ 20 ¥ BFH IX R 12/21) & Sl=t}. o] A2 E3F Bodenrichtwerte €] 7]
27t 2= $84E HoEth = Gutachterausschiisse(F-EFSE oF-A41A], T H 7191 3])
A Q] of tjste] B3t v} RS B854 QA &S AL, Bodenrichtwert = AF=E9)
142 TR0l 4 glrt. ojujch wiEo|t AIHAZL 1 27te) o] Ag S AR B4
= Bodenrichtwert ] Zk= 7|§F — 71 H}gFo| &= Kaufpreissammlung(7F-ZZ2fo] AZHE
A7 %) & Bgete] & BAskol Ao Wo] FHsat BAle] R} ek Folrt.
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United Kingdom (=)

Mehrunnisa Alikhan Ahmed Khan v Wolverhampton City Council. Upper Tribunal
(Lands Chamber)(Aa34%4 EAJH), 2025 .

o AEal SAY Boteh 23 Bohe] PAE chgled, of Aol A AWARIL GV
AN Az BHE £150,000 DF WA, 25740 B 3 AL £5 AL AR sPgstel w8
Q1 2025 Aol A4 H £ AA BIH= £120,000 Ak ARAL WEA 71240L ek
GVD 7} o] 7012 A el AZHA o2 | 7hhe Al7]e] A 2

HAfo] AFE L At Hdnt
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ARl g AL o] WAL ZATS G BEsHE GF B HLA FHELO
2 AAFSHE vt Atk BEA Z1EAAL 5ol e, SU HEA N1EA- getel Y 5
of 2HdEl 23 Bohuct SAY BAE ARast dsstarks 4L, FAHY A% FA% A5
Al AE FAH 0 AdE 5 gl Aolet stlekz AWA HFS ZHths 2L Holrnt
AR GVD of 7P7ke Al7le] A4 BARIAT 1 & 7S 0% N5T 5 JES FHY
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William Bert Craytor « Al 1 A 1 & « 2026 A A&
DOI: 10.67330/ywgzhgd7

o] Wol®. Q1BA|%o] £8g ot Melstn MR A4stgayt. 9
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M9Iot 24

o] T2 HT 7Hedt A 3/ME 1 2 A=) EASHAT — 59| | AT A we 4%
4 (corteidh.or.cr), Bapd ARHY (STF) ¥ 115 (STJ) € (portal.stf.jus.br, stj.jus.br),
WA S Semanario Judicial de la Federacién (APt AL o 2 H o etA]2, AHARY
FH  sjfsemanal.scjn.gob.mx), ot2 3N ElY} Corte Suprema de Justicia de la Nacz’o’n(%ﬂﬂ]‘i‘ﬂ%,
csjn.gov.ar), A& Poder Judz’cial(/\]"ﬂl?—) iry (poderjudicial.cl) 9 Diario Constitucional, 18] 11
Z&H|o} Corte Constitucional (A AT A, corteconstitucional.gov.co) — ot=# A& 9 & 7F
=9 2 2} =S FXoHU. AFQlojet zERdols H HEL2 R R 91 YR o= A&st
Fom, AP Y] Hxtet EFERE S E = fAgt

2 75 18 HE XA glo]HH|o] A (vLex, La Ley, Thomson Reuters Proview Latin America)
S Ahgob golet AT ofel 9] A MY WAL HEACE GRgo] Mo Ei
HEZH F ool st Ao 2495 Tt 7)o AH g 9182 AR 71 3o 9
257100 9FA ol We10] B4 el A3} hxole] Helstolof g,
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o] 7]% 3]x}= Argentina(CF2EIY), Brazil(E2H), Chile(Z#]), Colombia(Z-&H]|°}), Mexico (]
AR) & F9 =718 B2 o2 Peru(¥F), Venezuela(HH A 2l), Ecuador(lFE2),
Bolivia(& 2] H]|o}), Paraguay (Tet2to]), Uruguay (--F2He]) 9 F1]¢}F 7he] Bof -2 o|# 3|2t
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I} BAFR At o] lEH o)A, 213t HA| tasaciones(BFAMAI QLU A, HH 7T,
Lo tf-gstofof gttt of2RIE L Y2 T L3t BAE 8 HA
2= o2 3R 4= glom Wrbe HA A O] HEate] A FA| 714
Aottt FARRE BAIE Hivledet (2483858 2 Al T ot #Esto]) oA, 28]a Bapd
of M TQIEH ol Al7|atth 714 o2 A 7|Hct. Ju of =] Tibo AA 5ot T H 7 A
Al o]& gt QIEH o] T3 IHAFG-S ol nl=tols d-g$E 0] flv HAoR Frt gEe] 2
Ao =g Agtxo] Ut

o] 7]& B|Atof o]oj2= E71E IAt= HE A 2MS wEh AR nFEddATA v,
o] 7)ol A golEl A< F01 Aete] A7), 2027 W &4 7HAIE et = H|ot Jurisdiccidn Agraria y
Rural(F-H AH AL ofT1ete|o} o] R F2|-5& T) AP o] 7, 1121 IFRS 13 347 &
7y Aol Tt 74t o] Fafo] Aotk mHF, Wivlade}, oI s 9 Fu] Wk Aar S4 5]
+ =2 F7H Aolt}. Eo] d51 354 A4t 7o) W ER W 53 A, o] g
A v AT 0] AAE |AZE AP IIAReE B o] 8 4 Qs ARA U HE

Inter-American Court of Human Rights(7]|5<1 A TA)

Maya Q’eqchi’ Agua Caliente vs. Guatemala @ Comunidad Garifuna de San Juan y
sus Miembros vs. Honduras. Inter-American Court of Human Rights(P]5=Q1 AT A), 2024
9 W, 2025 W7k 2] U Belol A =o]w,

AP TAE F A FAY BEAN A5 Yl ofmeFHA| 3 FF A0 Lot 24 tith 9
= 37 st dds FofshH 1 g2 WA Guatemala(MH'E2}) 2F Honduras(-2-F2F
) 9] o]Fof Hote] IS Maya Q’eqehi’ Agua Caliente 35 A+ 45 @ofl 2% P42 -AHH
A Z2]E AR Eol H|2A 2] g 9ol digt &84 AfHdE FASHAIL, 2522~ San Juan 9
Garifuna BEAE 24 drf o] Aok EXS A hereksh Apgio] ol 9l9inh. & b B 9%
9l F5A4 A4S 1G5t BAE EAsH Hod nlQldger A 21 = 4

£ g2tk o] =RASS o5 WA sFAUANTL] YASE Eo ofF WASHT} of
4 Al oln, 55| 779 de] 45 42 2t A SHEHE d9E
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Mapuche / Consejo de Todas las Tierras vs. Chile. Inter-American Court of Human
Rights(T]F A EATA), 2024 & T4 (2025 & T A =2]H).

0] Q1 AT A= Consejo de Todas las Tierras(ZA| S o] ETtA 22 glofgtAs, BE EX| 3 o]3])
o] ¥4 & 5 (1989-1992) ¥} y&Asto], 2|1l YFHe] o Ao Fre| S 4835 A}
st Mapuche(WHEA]) & 4 135 Qlof] Tt QI M E ol f= A AFHE D25k, ©]
WAL Norin Catrimdn and others vs. Chile(2014) HeE 2 2
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Fulo] AARe PAHOR AP,
AR T AR, o] Ale] FE WAL Boh R A E AR Bl B
oA, Gt ARE A7 AW QRS Fello AR G UAFHD B A WeroA o] B
7h 9o G AL AAA S92 whEol Witk 1o metolA oS W g u s 3
¥ Zo] A% go| BAE TFSH, 27| G99 HH7 ol BA AA 337 AAA] hd BEA
o 42 VL £35S stelo} gt

Argentina(o}i'{?ﬂ'ﬂ L]')

Tribunal de Tasaciones de la Nacién °f &gt of2dlE|t} Ha]. 2025 @7t 2] T & 3

of=RE Lt =7t e (CSIN) % Sk AWHAESS 78 2 expropiacion inversa( 2= = W OFA|
2 24}, 5=8) ARRFelA] Tribunal de Tasaciones de la Nacién(E 2|5 d] EFAFA| QYA 1
2t A2, =78 7, TTN) o] 38 B7HE =2 HeE AL DA A gt Shele

9.9) = TTN H77F A0 1490 71452 o
2 1 Wrlp 2AGH 27 J|uk ey AR BEolge o]lgg A H|ZS 4As TTN B}
oA Hlojuped Fulet @ /Rt #eho] QlFo] astrhal 2t 2024-2025 A o] WS A&t A
LS — Yacyreta(OFAIEIEY) =R 2320 A BIZH eaxpropiacion inversa AR Sosa v.
Entidad Binacional Yacyretd(2024 & 6 €) 9] Juzgado Federal de Obera( M2t A Y) & X
sto] — 2 BAFol AaA 7|EH o2 TTN Brte] A o]&ska Qlct.

AR Al e AAR. oF2 e I H Aol A AR Fake TTN Botef wefstel A2
L AP B IA L A 5 HEe Aok dolth TIN B718 widstAY 4 4steld
A BAAE B2 diehel B 2o] ohuet TIN 4o HhEE4 o R ek A stolof
gk, Tejsh RS A4SHs B/ 79 Zfele] 275k thE Zo] ofuet TIN o v
W] A%, B B, AG A% gl Al WEEA vme YFstelor gt

Q]3} FEA] tasaciones & BHAMS] 5714, ©x Qsl2 BA|H £8 BARS 09l 1 g 1 S7i=2
o RIEI} 42 AT 4 GIrHe CSIN Welt 2025 Wb sl § A5 Sk, ol el

QIEdo] ol i}t FeYAOR Qlste] B AH REA AW AAIAE wrgsta Rt BALO
28H 5858 2042 BEa o] AXe A7 AAHE 48 WA} patste] 2024-2025 o]
= #7140 Aes gt

AT T A, RS lEdo] Mol Lt B8k A s} 7]gke] 2
A4k of2 e} FARI AL Bko] Bot 5L HAHoR B
A o4 A Abolo] A8e BT FHES AEstelok St} olZe
A ghe BAAE CSIN BA Mel2 gk W 456 ofele

Brazil(E‘.EH‘_:!_)

Supremo Tribunal Federal, RE 922.144(¥¢ %% mF & Tema 865). EHztd Al ¢,
2024 & A 9 2025 W Al A&



STF &= desapropriacio(GIAFER2 ZE]o}A}, 4=2) Aol A o] HA o] AAH A 100 271 A7t A
precatdrio ZATYER)S, SATA A% A FEH) 2
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