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4% appraisal_social.pl

V4

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

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

V74

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 vocabularies unambiguously.

V4

%% Conceptual model:

A% - Appraisals support social DECISION TYPES.

A% - Each decision involves identifiable PARTIES.

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

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

:— module (appraisal_social,
[ social_horizon/1
, social_party/1
, social_decision_type/1

, social_involves/2 % DecistonType, Party
, social_effect/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.

A ettt
A% 1. Time horizons

I ==

social_horizon(short_term).
social_horizon(medium_term) .
social_horizon(long_term).
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=== ===
4% 2. Parties whose decisions depend on appraisals

V4

4% The opening sentence enumerates these explicitly.

-

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).

== -

4% 3. Types of decistons appraisals inform

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). /i 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 ———mme e e S
A% 4. What high-quality appraisals contribute (second sentence)

social_contribution(market_transparency) .
social_contribution(public_confidence) .
social_contribution(efficient_capital_allocation).
social_contribution(stability_of_financial_institutions).

4% Characteristics of a high—quality appraisal opinion of walue.
social_hallmark(independence) .

social_hallmark(well_supported).
social_hallmark(grounded_in_evidence).
social_hallmark(grounded_in_analysis).
social_hallmark(grounded_in_professional_judgment).
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4%k 5. Effects of appraisal quality by horizon

social_effect(low, short_term, financing,

— inappropriate_lending_decisions).
social_effect(low, short_term, property_transfer,
— immediate_financial_harm_to_individuals).

4% ———-— MEDIUM TERM: high quality —--—-
social_effect(high, medium_term, markets,
social_effect(high, medium_term, financing,
social_effect(high, medium_term, taxation,
social_effect(high, medium_term, insurance_coverage,
— 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,
social_effect(low, medium_term, insurance_coverage,
— 1inequitable_insurance_coverage) .
social_effect(low, medium_term, adjudication,
social_effect(low, medium_term, markets,

] = e
4% —--— SHORT TERM: high quality —---

social_effect(high, short_term, property_transfer, fair_pricing for_parties).
social_effect(high, short_term, financing, appropriate_lending_decisions).
social_effect(high, short_term, taxation, accurate_individual assessment) .
4% —--— SHORT TERM: low quality ———-

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

clear_market_signals) .
sound_credit_underwriting).
equitable_tax_assessment).

reduced_litigation_pressure).

distorted_market_signals).

inequitable_taxation).

increased_litigation).
transactional _distrust).

4% ———-— LONG TERM: high quality —----

social_effect(high, long_term, institutionmns, public_confidence_in_institutions).
social_effect(high, long_term, markets, public_confidence_in_markets).
social_effect(high, long_term, institutions, financial_stability).
social_effect(high, long_term, communities, equitable_community_outcomes) .

social_effect(high, long_term, public_interest, economic_resilience).
social_effect(high, long_term, public_interest, social_fairness).
social_effect(high, long_term, public_interest, 1ong_term_pub1ic_good).

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

social_effect(low, long_term, institutions, eroded_institutional_confidence).
social_effect(low, long_term, institutions, financial_instability).
social_effect(low, long_term, markets, resource_misallocation).
social_effect(low, long term, communities, neighborhood_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).
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4k 6. Equity principles and public-interest claims

e e

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 conclusion of the passage.
social_appraisal_is_public_interest :-
social_public_interest_claim(_). 7 at least one such claim exists

=
A% 7. Derived / query predicates
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) :-
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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4% appraisal_economics.pl

"

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

h

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

V4

4% Conceptual model:

4k - Appraisals support a set of economic FUNCTIONS.

VA4 - Each function operates over one or more time HURIZONS.

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

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

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

:— module(appraisal_economics,
[ economic_horizon/1
, economic_function/1

, economic_supports/2 /i Function, Horizon

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

, economic_stakeholder/1

, economic_benefits/2 / Stakeholder, Function

, economic_positive_effect/3

, economic_negative_effect/3

, economic_horizon_summary/2 % 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
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:— discontiguous economic_effect/4.
:— discontiguous economic_supports/2.

A T
A% 1. Time horizons

A

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

B

A% 2. Economic functions supported by appraisals

T

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) .

I

4% 3. Stakeholders whose decisions depend on appraisals

=

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).
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).

I

A% 4. Which functions are most salient at each horizon

T

economic_supports(credit_markets, short_term) .
economic_supports(investment_decisions, short_term).
economic_supports(corporate_transactions, short_term).
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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).

=
4k 6. Effects of appraisal quality, by horizon and function
A

4% —---— 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).

4% ---- 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).

%% ---- MEDIUM TERM: low quality ——-—-
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).

%% ---- 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) .
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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).

%A% —--—- 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).

e
4% 6. Derived / query predicates
Al ST oo

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).

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, Horizon, _, _),
\+ \+ economic_effect(low, Horizon, _, _).
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i S (LA B 90 O o BB 0 AT rh B TR T > R B PV B T R T S A T T
AE B B (EAS SR 0L T BT At > T R Aty 5 P R i B VR T 4P A R P AR ~ 10
NHFEOR S AT Rl fe it 7 ZEREVE 2L HE o (Agarwal, Ben-David, and Yao 2015) 4 H i A Y&
BRI ~ SRR I SRR A - BRSBTS o B HIE(E (foreclosure value)
BT B 1B 7T R B T35 {EAR 22 0 > B 0R A 2 M BT ARG RS LA S B ELA (AR R E R 4
A S SV TR ARG o (Campbell, Giglio, and Pathak 2011; Pennington-Cross 2006; Clauretie
and Daneshvary 2009)

BTG EE - SRERE - BAREMEL (loan-to-value ratio » LTV) ~ Wil - FaE
R ~ B LUK AL TR 0 2 TR BAAR > W OR At 20 A7 B TAG (R B R IB I MR R 8 AR 1Y
A REME R o AR © (Qi and Yang 2009)

IO o SRR R TR G M A (A B MR Y 7 T 452 4 e s 10 3 B 9 IR
AR o AN BB B T BB R AL RO IE ER e R i T R MRS > SCRERCE A R
B SR IHE ~ WM E B BAE o RIS o RRE AT SR AL B BB AR 8 AR
B~ PEORA R DA R AR 4 R A M kv () BB > < S RS EME L B ——E &
JEE g 2 7 T S R B B S0 30 R YR A1 S B V7 Y A8 5 Bl % o (Eiriksen et al. 2019)

4% appraisal_collateral.pl

VA

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.

i

4% Naming convention:

4% - Predicates that have direct counterparts in the companton KBs
"l (horizon, effect, summary, consequences, etc.) are prefized

vy “collateral_~ so this module can be loaded alongside the others
V94 without nmame collisions, and so bridge rules can mention each
VA vocabulary unambiguously.

4% - Predicates that are unique to the collateral-analysis domain
Wl (value_basis, divergence_factor, risk_input, etc.) are NOT

VA4 preficzed. They have no analogues in the other KBs and no

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

:— module (appraisal_collateral,
[ collateral_horizon/1
, collateral_analyst/1
, 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 % 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.
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)
4% 1. Time horizons (namespaced —-- parallel to ecomomic_/soctial_)

R

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

A
4% 2. Who uses MV appratisals 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) .

B, e SO
4% 3. Value bases distinguished in the passage

4 S e e e e e e e e oo
value_basis(market_value). % "normal market conditions'
value_basis(foreclosure_value). / distressed
value_basis(liquidation_value). / distressed, accelerated

A% 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) .
mv_is_benchmark_for(foreclosure_outcomes).
mv_is_benchmark_for(recovery_potential).

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

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

divergence_factor (physical_deterioration).
divergence_factor(adverse_market_sentiment) .

4% Stressed scenarios in which divergence factors apply.
stress_scenario(borrower_default).
stress_scenario(foreclosure).
stress_scenario(forced_liquidation).
stress_scenario(market_downturn) .
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VA outputs they produce

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)
4% All risk inputs are used to produce each Tisk
inputs_for(Output, Inputs) :-

risk_output (Output),

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

4k 6. Effects of appraisal quality by horizon

%% --—-- SHORT TERM: high quality ----
collateral_effect(high, short_term, underwriting,
collateral_effect(high, short_term, underwriting,

%% -——— SHORT TERM: low quality ——--
collateral_effect(low, short_term, underwriting,
— imprudent_underwriting_decisions) .
collateral_effect(low, short_term, underwriting,
collateral_effect(low, short_term, underwriting,

A% —---— MEDIUM TERM: high quality --——-
collateral_effect(high, medium_term, portfolio,
— effective_portfolio_risk_management).
collateral_effect(high, medium_term, portfolio,
collateral_effect(high, medium_term, portfolio,
collateral _effect(high, medium_term, regulatory,
collateral_effect(high, medium_term, portfolio,
— cycle_aware_collateral_evaluation).

%% --—— MEDIUM TERM: low quality —--—-
collateral_effect(low, medium_term, portfolio,
— weakened_portfolio_risk_management) .
collateral_effect(low, medium_term, portfolio,
collateral_effect(low, medium_term, portfolio,
collateral_effect(low, medium_term, regulatory,
collateral_effect(low, medium_term, portfolio,

4% —--— LONG TERM: high quality ———-

A = s
4% 5. Inputs the collateral analyst combines with MV, and the

G

output.

I

G

prudent_underwriting_decisions).
appropriate_collateral_margins).

inadequate_collateral_margins).
mispriced_credit_exposure).

sound_loan_securitization).
appropriate_reserve_allocation).
regulatory_compliance).

mispriced_securitizations).
inadequate_loss_reserves) .
regulatory_noncompliance_risk).
misjudged_collateral_adequacy).

collateral_effect(high, long term, system, financial_system_stability) .
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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).

4% ---— 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).

Al —————m e e e e e e e e e e e
4% 7. Derived / query predicates (namespaced)
R e

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).

4 AR B A IR A R )

iy 50 T 208 5 R — R AR A% H T R B VE R i S R (R R —— YRR GB ) ~ B > 5
TERARERR ) T RTBETER (GRAR) —— T A2 S = IR [ [ [ A R A S P TR o 38 Iy ) By
i ) e 37 B A (B B AL A AT R ~ SR ATR ~ & T Rl K ARSI S K AR TR
@A) Z— » (Quan and Quigley 1991)

TERZ AL EZEH T > R R «CHEMEER S — %R (Uniform Standards of Profes-
sional Appraisal Practice » USPAP) &Y «BER#HE#EH]» (International Valuation Standards >
IVS) % #E QAT 00 T 85 (8 (B Ak (8 > Al (8 Al 45 10 B2 — (R ASER AN B0 B Ak it (BUE AR IS TE
THH—EAE MR ) > 8 i3 — AR B B0 AT B SR T R R R A R A RR Y
J5 ik o USPAP B AL E (A4S 3w DL EL RS 40 ~ S(E T [ sl BB — SR ME R BRI TE 46 H > B
RS RN AT SRR B H I 8 1) — I W {E 1 B 248 /R o (The Appraisal Foundation 2024;
International Valuation Standards Council 2025)

FHEMEMLDAREWAT IS EHBE - (1T~ 78 - ERMCRSIT R D R WEE
HIA TR > (AR 2 7 SRR AR B E A TSRS B A - i IR TR e v I B - mirhE
MEEEZR (BB R % TEMNBEEE) TEHRMR IR SR E G - It BARPERR &
e PR AR A AR H B > HZEA IR B T i) SCHr

HMZ T > BALSHTER ~ Sxmhor BT Rl B B 2 A il A B 425 488 1o 25 4% IR THI T [ 9 — R 4 T g
RPN ET AR R B A E M > BRI ~ R AHE ~ BT ~ SRR b e Bl R (A
(Value at Risk » VaR) 4515 o M BHE BT AR TR R AR B ~ 4 m Ba a2 i e > 2%
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i€ EREAEA R AR A S B AE > AR5 — B B B — i S (AR L - (Hull 2018)

o JH AR TE R T A0 (8 Rl R BE AN BRI A B R AT R ) - i > S £ T BB R
etk (MARS) HERITEERERIBBIERE BRI B ) > ARSI RS () R?) LA
BEA AR AR > TR AR A B (3 ok B GRS SUBRE R?) > i X L3I g i 5 1)
VIEH R o (Friedman 1991; Steurer, Hill, and Pfeifer 2021) [ R LA 124} 0 EIH
TAER SR B R BE AR E S ~ BT A0 It B 220 DA R WOl B AR 77 ik O A e ) - JE 4
FERRETIIE B - REIRAG AT AT RE R E M - MR R ] R R E M ——E ER M A S
AN RE R RE FE AR5 v e B SR AR — I A D 1A

Al {55 Rli-H 7T DLAE 2 A B AR T 1) R A HY A > {5 A e T B 3 <e i e A b THIIOA IR~ 2R
R~ AR SRR > B D B I B A R AT R (R o RS R R TSR 0
SR S8 T SRR ~ R O SRR R SO A SRR TR R > S S AT R A AR R Z N o (Diaz
and Wolverton 1998; Gallimore 1996; Crosby, Lizieri, and McAllister 2010) AL {8 BB
ML R SRt TR~ W8 B BRE R T—— R RRAGE - B B E R S G A
A2 ——EAZ O A A R B AT R R B PR T 5 B R o (International Association of
Assessing Officers 2017; Office of the Comptroller of the Currency and Board of Governors of
the Federal Reserve System and Federal Deposit Insurance Corporation and National Credit
Union Administration and Consumer Financial Protection Bureau and Federal Housing Finance
Agency 2024; Alexandrov, Goodman, and Neal 2023)

] DU - A E B R R ey o R R B (B RETIE) BIREEED
17 46 Fl B 5 Al 43 A B B8 ELA 35 ~ A o Sl EL PP TR ) A1 R D B AR 2K o (Geeltner
1991) Al ARG - “EBABIEMPEMRR T > BEREEBHY  RARENTIGEE
FE AT B » "Rl B R A A Bl I BE R R ¢ R R — B IRR U PN T B L A A A R B~ MR A
fif > DUR B L E IR 27

ERE RIS o 06 HLRE R T AR T A B e TR A o R FEE K GIE
EERFCEEIEZ ) ~ 5 BORFN B HEZRTT T > ARAE 2 BLRIRAETE

SR > L IE AR FH AR AR AN 2 s BE T 2 VR B Y - DU PR Y B R R R AR AR vk
ff E R ZORFEA M EA PR - BALSAT - SRR - BB ER - BE SR~ G
A RPN KA BA R ZEN 0T DUTEAN R A o 2 A (E A BRI TS D0 > & s fl st ~ T~ 2

BB ST A 2 3 M —— 45 A1 2 T ) = T R —— LB AR A s AR I A
(Murphy 2012)
B R T B FE T -

L EEER (FlnmSEER M > SRR E B EE)

2. el AERE (R H I > SRR — R R SR S

3. B BT eAgiE I ) - R SR R AT )

4. TR ED KL TERBUANERAFRBE s DUk

5. BB KB RESE USPAP 25 eI 57 BB R SRS B

B HERYEAR AR B BRI SEE 1989 4F Ry « HE#fT1k> (FIRREA) %
SRAT RO VEEL > HH MTE R ORI A B 22 5 RE VAR VT A5 ~ BSr M i E(E R R o (United
States Congress 1989; K’Akumu and Larsen 2024) ¥4 /& BEAS MR 18 (B T5 B —— B 22 78 H A
& ~ AIATPERRZE ~ BoE AL A BB At ~ SRR [E s T T —— A TERUR B BRI E 2 A
WA e MR REcE ~ TR EGE B > Ik B R Ak [EIk g -

4% appraisal_scope_regulation.pl

V44

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

4% TWO TIERS, deliberately kept separate:

VA

4%  TIER 1 —-- THE DEFINING TEST (regulation cluster). A task is a
Y4 regulated appratsal IFF tt 45 one for which an appraiser's

VA license is legally required. requires_license/1 is that test;

V94 it —— and only it -- dectdes regulated_appraisal/1 vs.
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VA unregulated_valuation/1.

V4

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

V94 populations —— “appraisal’' and “quant_financial' —-- typically
A differ in approach, temporal scope, output form, and skill set.
V4 These are CORRELATES, mnot the boundary: the populations overlap
nh (a licensed appraiser may do quant work; a quant may be

VA unlicensed), and nothing here determines licensure. No claim s
i made about intelligence —-— only about training and methodology.
V4

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

4% viewpoint —— 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

, regulatory_asymmetry/2

/% ——— 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/1l

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

v
#% TIER 1 -- THE DEFINING TEST (the boundary)
wh

regulation_framework(firrea_1989).
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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).

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_app
— raisal).
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4k ——— 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).

A% 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).
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(

— expertise.').

V44

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

V4

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

V44

A% ——= Azis: valuation 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).

'Not based on any exclusive claim that appraisers alone possess valuation
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scope_orientation(appraisal, evidentiary) .
scope_orientation(quant_financial, probabilistic).

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) .

scope_temporal_focus(appraisal,

A% —-—- Azis: output form -—-

A% ——— Azis: temporal scope (its OWN viewpoint, distinct from approach) ---

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

point_in_time).
scope_temporal_focus(quant_financial, distribution_over_horizon).

scope_output_form(appraisal,
scope_output_form(appraisal,
scope_output_form(quant_financial,
scope_output_form(quant_financial,

point_estimate) .
narrow_range) .
probability_distribution).
range_of _outcomes) .

A% ——— Azis: skills / methodological toolkit (training, NOT intelligence) —--

scope_skill (mars_without_overfitting) .

scope_skill(algorithmic_understanding) .
scope_skill(handling_structured_concepts)

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(fit_vs_generalization_balance) .

scope_skill(discerning_fine_distinctions_

% balancing R™2 against CV-R2

in_meaning) .

quantitative valuation; an

4% appraisal license netther requires mor 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 appraiser 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).

4% ——-— Bounded future-oriented contexts that remain within appraisal ---

future_income_streams) .

scope_future_oriented_context (income_property,
scope_future_oriented_context (income_property,
scope_future_oriented_context(income_property,
scope_future_oriented_context(income_property,

vacancy_rates) .
expenses) .
reversion_values).
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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% ——= Professtional 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) .

A% —-—-— 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,
appraisal_licensing_toolkit_vs_advanced_statistical_toolkit).

scope_contrast(appraisal, quant_financial, typical_methods,
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?').

4% ——— Where the two converge (appraisal 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).
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Y VR % 5 D B T AR EE I o DU b B R B e i S B B AR R T 5 AT I il
R E A — % S R A A AR 5 T o

B AR R TS R ERBE R - BRGNS > R
BT A TS (B (GG (B R A 5 38 3B R AR — 5 S0 1 LSO 908 O ot T [l s e ) B
RIGHE > (B TETE 2 L Al (B 4 5 2t 70 A8 2 A s A 28 F WA B0 5 i T 35 (B (R S © (Foster and
Van Order 1984; Kau et al. 1995; Deng, Quigley, and Van Order 2000)
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4% appraisal_prozy.pl

ik

4k A Prolog knowledge base encoding the thests that market wvalue

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
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>

proxy_historical_ltv_threshold/1

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

/4 ——— the artifictal separation —--

proxy_separation_party/2 %4 Party, Role
proxy_doctrine_practice_gap/2 /% FormalSide, PracticalSide
/4 ——= historical compromise ——-

proxy_historical_reason/1
proxy_doctrine_emphasis/1
proxy_routine_practical_use/1

/4 ——— modern intensifiers —---
proxy_modern_driver/1
proxy_modern_treatment/1

/% ——— 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 7 Number, Component
underwriting_responsibility/2 /i Component, Party

D.

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

V4

4% PART 1: THE CENTRAL THESIS

wh

proxy_thesis(
'A market value appraisal used in mortgage underwriting often serves as
— 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(

an
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'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.').

i
%% PART 2: THE LTV-AS-BUFFER MECHANISM
h

proxy_historical_ltv_threshold(eighty_percent).

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).

V4
4% PART 3: FORMAL FRAMING VS. PRACTICAL INTERPRETATION
V4

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

V4

/4% PART 4: THE ARTIFICIAL SEPARATION

h

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,
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probabilistic_value_over_time).

W
%% PART 5: HISTORICAL COMPROMISE
v

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) .
proxy_routine_practical_use(collateral_analysts_use_in_probabilistic_future_risk_fJ
< rameworks).

V4
4% PART 6: MODERN INTENSIFIERS
V4

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).

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

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) .

V94
A% PART 8: OPEN QUESTION (META-CLAIM)
VA

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

V4
/4% PART 9: THE INTEGRATED MORTGAGE UNDERWRITING SYSTEM
V44

underwriting_component (1, 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).
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).

h
%% 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).

6 %
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Residual2.png
ResidualSF.png
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2. Global GUID : iR FHE » 0 LU A DU F 48k, —@ GUID (&igiii— ID)

https://www.uuidgenerator.net/
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r= (“ver20241210_083124",
“ver20241209_1511307,
“ver20241208_1609447)

latest_ version : 71 = “ver20241210 083124”
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Variable Aggregate To
AboveGradeFinArea GLA
BelowGradeFinArea BGLA
UnfinArea UBA

LotSize LotSize
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GLA_  DateOfSale GLA

BathRms  DateOfSale GLA

Lat__ Long Location

Lat. Long GLA Location
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Ho BB AR R T B MARS WA Al GRS B 51 3 - SO i) —ER iR

v = (“GLA” “SalePrice”,“BedRms”,“BathRms”,“GarageSF”,“..”)
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CQA= 7.5 £0.5
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7.50 $197,113 | $59,999
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# 3 HEEEHE I LA 5 Zf

RSB | Al s p# | CQA | 3855/ FJ73e R | CQA SF | GLA | & H
$3,450,000 | $2,318,865 | $1,131,135 10 $420.50 9.98 | 2,690 2021-04
$4,360,757 | $3,399,922 $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 | $3,209,500 -$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 | $3,859,154 -$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 -$228.,411 2.4 -$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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B EARA S8/ KRG ER AT R R @B IR B IR - BRI R EARA AT > I
TETARRE Be IR HpA A2 -

3.6 i E BB INEE

earthUT JEE I B 5 (38 5 BRI R 5 R R EAU I 30T ~ HIA CSV XA E - THHRIEE B
Settings (&€ @ ¥l ~) B¥EHH Country (BR) THIFUEHA R 31 (8% SZRMEIR
BEIRTHRL o BETHBRAELL T AR

o CSV ZRfFsk—3RB /2B / HAMHE () > BMHAERBREMN 25 G) > WA
TR PR 5 1 PR A /N R

o /NBORAFRE—R (L) BUESE () -

o ToNoRRAFR—E GEE/E/ HA) ~ MR (TER/ZRM /PE) ~ 248 (GF
T /1 0/ el AR TR R S T AR ) O (B t) e
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~DD/MM/YYYY (BXMAHABER) 5 YYYY-
MM-DD (% 4/ 7. F%d/ H A/ g k) -
o ARRSF—TLetter (EE/MMEXR/BVWEE) B A4 CLMTABEK) -

3.6.1 SZIRMIBIK

%@l W/ IEPN MDY /YMD | Letter
(csv)

BEE ~ B W ) . , DMY A4
W~ AV

R~ EMF] ~ b ; , . DMY A4
FIE ~ ff Bl ~ ]|K

F > PEHLAF - 4

7 PR B

i~ DR b ; , (ZEH%) DMY A4
G ]

S5~ B B ; : (ZEH%) DMY/YMD A4
i 1 ; : ’ DMY A4
K va i~ kAR ; , (ZEH%) DMY A4
+HH ; , . DMY A4
HA ~ wfEH ) . , YMD Ad
SV , . , DMY Letter
AT ; , (2245 ) YMD A4

3.6.2 HRHRAE AL

FERZ R4 T 77 Paper (#(5Rk) THizURE (Letter 5 Ad) ARFFEAENIRBRAEIT
B H R o CSV X BAFHE ~ /INECGREAF SR SIS NE P47 08 P i I oK A T 5 3
RSB ING » AROR T 25 B T o B R Y TH R

3.6.3 fRfFHRGSE

B2 Settings BEHIAH) Save (fiffr) I 217 MR FIRSUR LT - J8 LIHE R M R4 12
AT TARRS B > s S PIRCMIE SR ¢ - HRMEDE (HIRE S - S - 2% FEGTFE
HRERE D 5 B B THRSOE HEE {5 A SQLite RN EEAEFT A H 2 MRl A%k -
TR A w0 ) 3 S T 4 5 SRR B [ 2 IR oK R A B —— 15 J R T 0 R oK e 2y T
B RN TR

R ¢ [ AR A AR AR AR S S B BB R I RE S IR o TR RE S ER {4
BT i FRAFSE (200.000) > Z5HE 2248 (200 000) > B4 FHSE (200°000)  FEERAE
I BT ——earth UI BLAS W 4R o
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4 AHERGR

W1t #% For Appraisal (FIAMGE) fERME (Purpose) I > earthUL & H £ BLE % i 1]
B WAl o 55 3 BT ShREI IR T AT 5 AN B i = 1 (B SRR A AR BRI Zh BE

4.1 fE{EEG A R

TERGERART - BRMERSE 1 JIRAMEEE S (subject) #3E > HAERTA I % LU 24 -
o A RS R EIRZ N T SV (R 2 28) - (hEHSMEE YT DE XA EEE—
earthUT YE#EA IR B BIAS HAL A NA -

i A% > Data HE IR0 HFEES - Subject Property (B3 > 5 1 %) Ml
Comparable Sales (] FLEFEZRR - 5 2 5 21%) o 3 1 FIGARBHEBRER RIS 22—
BAENE [Skipping row 1 (subject). Fitting on N rows.| (BkiB%E 1 %) ((5EH%R) - ¥E N
G L3S o) b LIERE o A% o B E Ak [E Y 50 B s ERME > FEE H H BUR B

est_<target> °

4.2 ARG H SR EE H i

YE R B4 3C N > Variable Configuration 43 [& Fr & & i 3 —1 Effective Date (4% H#H)
WL (FER Ay R H ) TR AT FAR A AR B TAMEE R E—RE
HAEMEB AT ST A gl o TEEmfEAET > WRETE Special (FFEEMH) THhizk
398 B A SER S E 4% contract_date > earthUI & Ft A —{H sale_age Hi—— M HEHHEN A
0 H BB AE 25 H A 2 T A FE R B o s e BRI E H IR e TR A 8 o

TEFR E G A HINE S — K B Fit B > earthUT €43, sale_age fill > ilf: 18 %0 7 FF I B ¢
Fit DL H A0 AR o

4.3 FEERMTE E

FEA BT 5545 T > Variable Configuration 3¢ H i 48 TR S B 55 # & i BL—fH Spe-
cial (F§5k) THIFUEE o FrpRA R HAE RIS S R M T
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FipRSH 1EH ‘

no THB—— MRSk R B

contract_date | fEZFILANARH WA sale_age HENFTE
listing_date YEALEAE dom MR > BLEA HI—# RS DOM

dom Eon [T RE ] (Days on Market) i ; BHE/NTESHEAIFS (Sales Grid)
Hh

concessions e Y (concessions) 5 HIASH &AM AT EEAX (BHE - 3
)

latitude BUETE ABI/NEURGE 3 AL 5 FR Haversine #3T BE 5155 K 81 15 484& b 1Y
Location 434

longitude HHI A BN BT 3 L 5 FIR Haversine #3% B st 8 M 85 B A8k 1
Location 4)34H

area TESH B EE A [Loc: Long | Lat | Area| %

living_area YE N 8o P RO R AR 8% (residual _sf ~ cqa_sf)

lot_size TESH MM BF A [ Site Size | Dimensions | %)

site_dimensions TESH 48k H B M 1A A B s —4H

actual_age YESHEAM T A T Actual Age | Effective Age] %)

effective_age  TESIEAIMG T ELE BRIt 54l
display_only w4t EYEREHH - HIFRABAEES 2 (RHZW)

remarks CEBYE) B HSCFHREM > B R Prolog 47 B f#NT A 4F M (LT
ZM) 5 WA 15 B
list (EEME) ESR 0 FREH > HmE R Prolog 4 BRIR4> A E (one-hot)

TRUE/FALSE # (RAFFZH) 5 WA 15 &

RAEASE RN > & B SE — I LSRR IR E - SRR B /Mg > BRE
W S R R

4.4 BETR (FAREUGE)

S RS 7 s A T R A R A 2 B A 2 R 1L 151 20 42 7 > i % 4 6 4 b HE B AR T
(workshop) EER RCA 7@ - Residual Contribution (FEZEEEN) BEEEiHEE
/N TRE o BRI R 5 2 SRR A SR A P A R A T B > DAL RS SR L T IS B
JBR o BEFE S MR e e MET B A AR > IR ECE R (B4 outbuilding_sqft il b
pr_has_workshop) & HEE K > M AR EMEEIH o oA RS E A — KA EE > 15 H
RN BN S A AEE  BEMELE TR ER SRR E—E SE GE
WLl t > 2 MR BB MR ) o SRRBLNISE AT E R TE 7EA S TAE SRRk at 4 A B
4 cauTioN (H/R) R 5 abrc Db —E B Resk I i ~ s Em B E > gt - X
AR B A P 408 ) TR S A R R A 1 5 R 2 A ——— (A G SR LA B A A AR i 1)
W A A ARSI AT B A > TR 2R AR A O B AR AT (B B

4.5 RCA FH#EAMEi

Calculate RCA Adjustments & Download (51 RCA R0 N#) #81 (HIEEME 7 4
& > (ETEAEEAR K N HEA SE BT L) S48 FT b 85 B 22 (0 RE S Aty {5 3 4R P i M AL R R
{H o Se%EM) RCA TAEJTES 10 Ttk -

152 RCA #i%44% > Generate Sales Grid & Download (A s EA4& I Fak) 2480
(REEMEE 8 om) BRAH - 8B4 (Sales Comparison Grid) TAEJTESN 11 FEHf
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PR BRMEESEEN CQA FERYE T 010 A 2 KL B R MG E ¥ 5 - 514 5.00

B0 B AR B T EL S AR 2R A P L L L
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5 TG

H f0%4E Market Area Analysis (WGEBHT) 1F%AIER > earthUT $2 (i B2 A5 E80AH
[e] 66 P e T ShRE CRpRt ~ 8 Hi ~ JBEERE A > (HHERLR AT — ML - A3
— i EEGOEI TN (E -

5.1 SAAAERE A [

o AN BEEPERRMEEE R —HAGEEA AR > THREAASTHBEE 1 R EREGZ
A& o T BB E BN 5 BB EE R AN HEBRAERE S 2 5% 0 I eSS & IAE S A
R (WRFERER) » Bl H TR IELS -

o A RCA Bi#E4IK 45 [ Calculate RCA Adjustments & Download | f1[ Generate
Sales Grid & Download | #BEAFTH o Tt E i A B e A Bl 1 > T IR vT L
ZHIR R o

o 5 AR A 5% WA A RCA T &AM BE > Generate Quarto Report 43 1) 4 5%
%A 7T MIE 9 (Convert Quarto Report 43 AMA A 10) °

5.2 falEAE 5K
VAR 3 4l P i3 T 3 B A
o P T i T S A AR > LR (A 8 PR
o OMMTIESETAE - R HE MR IRURIR L4 S U 5 B — A S B
o Zy TSGR S A R TR SR S MR ST R AR
o MEAHVERIESE 1 S — AN ERE R - B8R E0TLLA g s A A s kR rE
a2t

PR TR A — IR B b A B —— TR TR R Th AR (B H I AR A o
HAREE RCA JHIETAER -
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6 ABUEE

W% 3 fii—Variable Configuration (S5MILE) — IS HEVRECN 2 BUHTY > LR
B AT e -

6.1 HEEH

% 3 HiTHEH) Target (response) variable(s) (HZE (JJE) ##0) ThizUREDHER4E
WA o SRR T B A A ME ) B MEARLRY 5 BRI L RIS 2 SUEAERY o R L E H AR
B > BAE ] earth(cbind(yl, y2, ...) ~ .) [AEEESITAIE -

Pl ise A B AT B A B AR TR A 5 SR R R R -

6.2 FHMEHK
TE H AR BORIRAS T 7 > —(EFAE S H R0 > B DU AL -

i Ll

Variable (%&58)) W4 CERBE > ERARBEBURTE LHEERF) » wimds
A x/+ Yikdkst (RT30) o 7EME/ ST
001 B MR I 43 L R R R Y o

Type (FE#) EpLEEA R Hi T B numeric ~ integer - character »
logical ~ factor » Date ~ POSIXct

Include (AHA) ALHRTT B — 15 I AR 1 20 T 58 e Ay A\ A2

Factor (A1) RLHUT5 B —— 5 A 25 70 S 5 8

Linear (#ifk) BB — i LSRR 77 2O AR A R o vl
%)

Latent (J&8#) BBUTH—— SR SE 2R R R 2 A (BEANEA

earth » W AESTEME H 3] glmnetUT / mgevUI f &R}
H) o PREE T SR BT

Special (FpkEER) TR (EAE/ M) —— R T C TR WS
MB% |
T/F/NA i =8 - B 4 TRUE/FALSE/NA 5 $#({d

% # 0/=0/NA - HBIRE#S 30% KL OBR

Rt LRI T B AR ¢ [Type = fERA > Inc = 1ER TR EMA
Factor = 18 %73 JH8 8 > Linear = f#R1E (MEELHH) > Special = At (Hl41 contract_date)

oA AT IR MBS o AR(E S84 51 x DIHRAR SR IR 5 8K > A0 Al %A A 2 B > (H
AEGHAE LR M ER 5 HRERREZ S Rk Crl) + > W] ELRTROT AN - BACE N R -

6.3 EORPE A e 25

earthUI 7E[E AR} B BIA I EORHEAY o Sl ~ #e8 - 3H ~ IW7F0 H I e bl o &R
B HMN T Ie (24 80% WIMEREIZH 7 H kS X fiT) B pililiZy Date o

PRAT LU B Type i 78 B AR 3 F AL bl 45 58 o B RAF A2 character
factor I > Factor MU B & A B )it - SHMOEAL e R BN ESS earth O BREBINTT A -

6.4 Factor #& Linear fEiH

o Factor——4)3%1% > %R 2 0 W - SRR style ~ area_id B grade F3&7R
RETCAL A I I A R - R E s ORSE) St p U AR -

o Linear——a81% » siM#aa bl LAARYE Ty SO AR —— A ar n Hop sy g0 (o Beddh)
PRI o Rt s MR S i B B A 2 TR TE RS PR AR R TR AR I BB SRR AT
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6.5 FRERHREAI R

TERS EFNIG 80T > Special T3 UEE B2 L L) T B IH o AR £ H A4 o4 —
(display_only > remarks fll 1list [&4) > B AETFZM) -
H 1 B iRp P A A

o contract_date——ff % H BIE H. sale_age o JR4A H MBI A —EE 8l > B 28l
5 HE Effective Date (GHEZE#EH) Z MBI KE -

o listing_date——%AKH5 & HAMER dom MlIE > HIVERTHAETT R (DOM = G4 HIH —
HREH ) AR R IR -

o dom—E RYETH K# (Days on Market) #i#fl o #H/R7E Sales Grid ($4ELBAEKE) W)
APN %1JFll Date of Sale % o

R

o concessions—HURHERY (BT ER ~ BIrHEE) - 78 Sales Grid o HIAFHT
HEME : Net SP = H1H — %S -

i

T A S B A
o latitude——{H A B U T A S /NERTR 3 (LLART ILiBHES - AR Haversine JRIT KE7H

B EES (subject) F&HE AT LLEH & R B EERE) > dEEF A Sales Grid ) Location
bl o

o longitude B latitude AHFRBOFE A SR FH o BT BE RT3 Location 4H o

e area 3 Bt T B I SR A o B latitude ~ longitude —#EfE A Sales Grid A9 “Loc:
Long | Lat | Area” %) o

o living_area——J(H il i A7 7 S RS ET A (residual _sf fl cqa_sf) ©

e lot_size i Sales Grid ] “Site Size | Dimensions” %] o

e site_dimensions B lot size —#EEF A Sales Grid (ffan “75x1207) o

RS

e actual_age
o effective_age

o display_only—— %€l & 7E Excel [ > {H5E 2 N2 BRI RIBEA o 5 A 7tk 4
£ ~ MLS 4555 ~ 5 s 5% 5= A EVE 2 TR S0 255 GOk - st LMl kg @ -

NERPUER (Ehait:) -

o remarks———fH H H3CFH (ffil40 public_remarks) > HI A3 Prolog & BRAFHT 244
B o 7E Settings (%) FRUAZINEEZ B ARATTIER o T2 - SR 16 & o

o list———fEIESE D RIM (HlU existing_structures) > [ [l — 4 BRIF 5 BB B4R
fH) <col>_<value> TRUE/FALSE #f - fLFFZ M o 2 R4 15 &

B Sales Grid f) “Actual Age | Effective Age” %1 o
Bid actual age —jEfF A Sales Grid °

6.6 i H A
EIRLE B AR a S —H 2 U Barth 8 o S5 218 H A -

FR [ IRE TR T A S > 4% A A i = R

wp (response weights) (fJEREE) PR » LA B A28 8oy Rl s (i E
St FLER (varmod.method) #i{EH (£ EHRIAT1E)

4R EE S BUREE BRI FERE ~ RS i

PR FEER display_only WIMHOR B 7E ORI EH AL I BIAE Brcel WMo > H58 2 A B AE TR
SRR o A 1D~ Mk sCH AN S E AL -
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7T BYORKE

HEEM% 4 ffi——Earth Call Parameters (Earth FER228)

Fe i earth O PRSI

SRR S BIAEEL o FHEZ A —EE SRR (7) R TRIEREY - S8 i

/N AL,
7.1 AR
2

subset

weights

wp

keepxy

trace
glm

degree

penalty

7.2 HiABFE

thresh

minspan

endspan
newvar.penalty
fast.k

fast.beta

5 PA

)

THEAE
H &)

0.001

S

HE#)

20

#t

B FIEN - BT T 748
U o

AR EZE (B1)) REERIMPESER -
{51 M B(ELA -

% HER SOERETE - $2et &b
R B G TR > Ry f(E B RS
et —EEEmA (FHRER

1.0) ©

TERAIE R R T x ~ y ~ subset FI
weights o

e RE R (0 2] 5)
i GLM J& : gaussian »
binomial B poisson °
RRZHFEH  #F degree Ay > 2
B 3 BT 22 B o I EUR
Allowed Interactions (fFFHIZZH.)
K[

FHEA 25 GOV 5 - e >
BB fil B -

i

BYRE F A B KA IE S - F BT
BT R (AR
(HEESHE]) -

)5 B B - (EBU) > feFrR
RIEM % -

i /N bR - ABIER A
WEEEAE o B AR e 118 TR 2 )
TR Bl o

iy 18 ) e ——— 77 B ) R 4 A e
/NEERE o H BhIE T A A
SIAFSHEE (GBEHCE
TR S 8) -

P MARS J# 539 % 8 B AL TH
HiE o

Pe o MARS 2L E T o
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7.3 AFHRE

W degree $t%y 2 BUH RN > BAZECN T E MBI EL HIER o B E_E=AFERAZEUT
VARS8 TEIN S ORI B IO B - A8 3R Aot e R TR S O AL 5 B 20 2 1
IR ERL T -

RO THR AR (DI BURARER) OIS M T A R A - THERH) Allow All (43870
#F) F Clear All (ZERIEFR) AZWOUT BRER LA R o KA [ € R 00 > WBNIGS ~ Wit
BARFFAT L -

— R SRR SRR R ¢ [ B IHE B S R o A SUBE CRUT (10 97) <

7.4 BIFL

2 THEAE at ]

pmethod backward B 771 © backward ~ none -
exhaustive » forward - seqrep &f,
CV °

nprune NULL BRI SR AR TR - S22 R
ThisE s -

7.5 X

2 THEAE A

nfold 10 R AP o By 0 AHEH R X

ncross 20 RN e AR -

stratify B RK I3 R A T 8 > i —

P AL S AT

H degree > 2 W > 22 g & H BT (nfold B2y 10) > DUE B 5 HLIA M A HY i B

& o

7.6 THIBIE

subset S AMERZ —H R £1E > AR RS 2 BRI BES o (R7T DL Hem A £ 12
A, (N sale_age < 365 & area_id == 460) > P LLffi il Build filter... (FEgEEIELS )
Fest IR AV T A -

Build Filter Dialog (FguUBEa#EEE M) ——B5% “Build filter...” BHREC—1H 5] ¥
FETHR o RIS E A TR T (<> <=ac=nv==n =)0 DIR—ER
152 R R 28 2 R P o AHE - SSCTER R A 0 H IR H DRSS > o/ W A ME—
E PR - KB EMEE AND (&) 2 OR () HEEEER A o KRN TEE & BR #iER
VI UCECAZ 8 - Bhise Apply (JER]) 4383000 A SCFH AKE o

HEIMRZE F B FEA P EEH as.Date("...") 8% as.POSIXct("...") fI4E o Build
Filter $¥5f & B B R E 8 -

TR ML IR B —— BRI ZI R B Y EE R > IETE Excel [ H 5 FERIE o

PR 2 1§ OR fR{FEE AND AW - s RSB T 04 - S AINESE > 4 & B | C SHifRRER
(4 8 B) | C>ENRAFERIAE -
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7.7 S BIE

earthUL 7S 4 HiH B SE 28T 77 BURHER (E 8 S EEIRIER S 18 (n) M T
S (p) BHRERHT o E L8 AR Friedman [ MARS §i3C ~ earth [ A ER 52 LA K 4L
B33 o nk ~ minspan FlI endspan #if & 75 &R A R FHIUE HAE RS FBIARBAEE
Wl -

771 HABAES W
nk  (BYACH R B R BRI -

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

n p=o5 p=10

30 21 21

50 21 21
100 21 21
200 21 21
500 50 20
1000 100 100
1500 100 100

Earth BYJTHE{H min(200, max(20,2p)) + 1 AKH & ERHERR > S RERHEN 5 fgia/N
B TERT A2 70 R R T A THIR S 8 2 B M AR © [n/10] —IEARFFRL% 10 [HELH]
1B 365 I — (B AT TH—— 8 i 08 i S U A MR A B i Y] o 100 B _1 PR AT 38k e R 25 3 I o
minspan (£i 8.2 B/ NBLH )

minspan = min(16, |5+ n/50])
endspan (¥ %k} A 05/ NELRIE) -

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
1500 16 16

Earth H #) 51 % 1) minspan {# ] Friedman #) 24 & 43 : [(—In(—1n0.95) + In(p -
n))/(2.51n2)] > B#% In(np) HiH > BRERHEEEERE o £ n=1500 FEEHFH ~7 > im0
FETHI S BA A 245 AR E——K2 T > g R LA - B A E
BERTER n IREETHENSMA A 100 EFEALE > MFEN n K (LK earth B H BYF 5408
TRAEE) WHEABEAL R o endspan BOE R K minspan » DI HLEE S 5 R ORGE
EIEER R (FHEER R ) BaE -

penalty (B{EHEH GCV #&E) -
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{3 if degree > 1
penalty =

2 if degree =1

JE 1EJE earth [ SR TER(E—— IR Ry 2 SCH ARy 3 (RE R A R STl (B T 3 K A48
RZEM) o

newvar.penalty (5] A& B REE) -

TS - TN S B TR A B R IR (4] e T o B A 5 8 ~ VR B~ BRI R AR )
U 0.1 o J & i i 2 A2 A 1o 7% 2 AR vp A HOTHIIN A2 8 > T AR5 A B R B - H
MR - AT T A M) RSS BRI E A LL 1/(1 + penalty) % newvar.penalty = 0.1 [ >
WA RSS BUELHIEC A8 B —EE R = A S 10% o i85 g E L TR A HOE D
AR > HAEBRA R REAE AT GRS TERE R 5 AR IR IR ) o 2 TR S B2 TR A
B HIORFFR 0 o TEE > earth NSCHETE M HIE ZHE B[R] Ry 3 € JEF A newvar.penalty
— B35 THEEM > earthUL g &r{s AlaZimA  (3RH1% 0) -

7.7.2 BIKZH

pmethod : #EBE{H : backward ° HEZIHEE GCV 7 1A BTAL R R 1 H——HH IR 1 20k AR
SR AR > AERBME TR AR T - S mBVE R E R e AR LML - ov
7 8 A S A T B R > B3 AP TR fRAR o

nprune : #EE{EH - B2 (NULL) - i GOV E# R ERBAIRM o 3E nprune & fl—
fERETE EFR > B GCV Rz | -

7.7.3 RS
nfold (32 BRI + AR MR

n (BEAF#) nfold

0-299
300-399
400-499
500-599
600-699

700+ 1

S © 0~ S ot

P L > B—IrIs e kgL (hatm2EE/N) > (B8 HAREIT S PEZ 46/ o %08
ERRAW KA BT BAHER) 10 37 > FRERFr R E R 2 40K (89 50 7 DL L) DIESREE
FI BT TR 5 B/MEARRIEBR R 5 r—— b CVR? A5 A MR » KBRS neross (]
0 15-20) DLIP¥dniss B o FRR 10 SBpy2 © B —3ral g — IR e earth $E4 > #2
B AR T Y o ¥ pmethod = "backward" K > 38 W EERE AR B ——¢ HETEZBiEM
CVR? > il fyfi B RUR LR 5 -

ncross (32 XEREEEIRE) © AR HHEE

n (BEAFNH) ncross

0-199 20
200-399 16
400-699 12

700-1199 10
1200-2999 7

3000+ 5
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AT DL 2 v B S Sy 0 IR TIRRE CVR? 5 BRABIR IR AR > Wk
AR A 5 CARE AR AE o T A8 SCid PO 78 25 26 o i A\ 58 RO o

T4 BRI

varmod.method : #E#E{H : lm——Milborrow [P TEREE : 7 TE I 6 ] 0 7k it A 4 L sopse
B (SR AR A M B 2 T A Y > IR AR B2 AL BE TSR0 © AIR 1m YEARAVE R
bamEg > WEE rim B const ([R]%A B > RN - BUR I F] earth (HLAEREHIRARE
IR ) o 'B%5K nfold > 1 H ncross > 1o

7.7.5 Earth #jjHkE%

B INEES 1% > earthUl €% <filename>_earth_output_<timestamp>.txt E A &k}
K o R RASHRIE - AL FTRE (R? ~ GRSq » CVRSq) ~ & BRI sr s fua it H &6 -
TAEE A — SR > R A W 2800 S TR i R AR 8% -

7.8 WOEHBIE
SF 4 i TELRR PR R TR R BT i O MR — AR FH ML -

« Use last settings for input file ({#i fja%#i ARE 20 LIREEE) —— KB IR kTS
1 1B 5 o i 2o 1 A B
+ Use default settings (ffi HFHzsE) ——EHRGEGR A FTHRE
o Earth defaults (Earth FEFX{H) WA S8 R R RUE
BIEESE 4 HiIEERHY) Save current as default (%% Hij s E A A THEL) LAREATH HIHY earth
SR Allowed Interactions %ERE 5 55 3 ffi b 5 E A4 BI04 A7 H AR SE B ~ wPAL 2R 18 H A0 FE ) 4
HALE - W R SRR RGBT -
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8 ¥¢4 Earth iRl

8.1 Fit #%4#

HZ2WE 5 fifl e Fit Earth Model (#4 Earth #5%) #4# > Pl &% —{H Random seed ([
WA ) 0L o %R -0 52 B AT i 4 L A AT BB E—— i 8 K T il ey 10
EFEF > #5280 R & A0SR 7E Earth Output (Earth #i) B - 7EEAS 20
earthUT & Bl R0 0 B —— WA 088 E — (8 F AR s 8 > 3l B 2 60 & —(H TE I S8 o 7RG (E /i
RN o BRSPS A o SERIERRE M EREH ALY HY FERE)
B

8.2 A ISTREHESLIE Bt h
WREEE Fit > gl —ERGEEEEE > Hhas

o PEREM—BUR [Fitting Earth Model ) » B #35 IR ETH 80N ©F R IGTRESS > DL —{(E 7T
BUHTS =BEA W) Abort (k) st

o B HRE—— W EBI A% E SR 0 BRFEUR earth ) MBAEE - BRI EE
R~ AT R R T ~ AR SUBREE T L R 5E AR

o BRI —TERAT ARG X XEHBITREG > ERALLE

carthUI ffi[f] callr::r_bg() FERMHEAIER > Mt FMTERBE R SIRRHHUT - E e
PR AR I [ 458 5 SO TH] PR 45 [T o — () 300 ZZ2 7% HA) i b 1B 4% 2 6 T 5% 271 R s ol 1S 10485 LU
XEABHEH 3 -

A SEHA%  EiBL [Done in X Xs | #flE - BEEHE BErprtld —(EBAPA RS (X) > WERERE
%?@E » UG R H AT DHE TR Y » R ] Sl E e o8 0% - BARIE & B BB P—— T

A IR - Fit 8 EEphin—EAR a5t o WPRE RS > SRR o BURTEB HE H 58
o G — A o

8.3 fEtd Hib

HUBES (R EhE ) #RE e B Ok e A —18 H 568
o FE®R4 : <datafile>_earth_log_<YYYYMMDD_HHMMSS>.txt
o A% RFHEBGT ~ BB PR TERm L > DU A SR EE
o PLE - HHTIE B S ER K

PR MRAKRRE callr > earth UL & FER B35 BE RN R S EEA o RUE callr MBS ST
A R B



Valuation Engineer Journal - %5 1 % - 45 1 # - 2026 B = 24

9 NHEEE

BEE e o BEEREE 6 fi— @ AR A% [ Download Estimated Target Variable(s)
& Residuals | CF#EUAFHY H AR SR IEE) » TR EM TS5 T HEE A [ Download Estimated
Sale Prices & Residuals | (T #iflint oY & [EK ) —— 0] F#— 86 S TERERZ B &
FUP) Excel #5%E o &l A 7 4 (RCA) » B EES (subject) FEE CQA  GIRIL—4h
BH—WR51 1) FF5r o % residual_sf Ml cqa_sf $EF > DL B EEAN A BB S AEHE L Y
DLE o INSRARRY VR R > BRJEE A B e 4 RO A0 A B R B8 2 R B > 18| TR B 5] g
BEETHET o REMEEL S 0 TR AEAE > R0 B IEE o IS EHE 2 S5k
B WERENFEE > B [#E5) (fixers) > MHRIFHEEMATELR - BE T —LEFEE
HIEAY > BIANES ~ B S (short sale) ~ EIREHE (BLAEARAMBR) S56 > DIKIN T/ESE)
B At i K] 7 R B o S LR SR 0 R A S e R s AR B AR R A o
FSM A e AR IR A g s g A

o /MY : Download Output (Excel) (F#i#iiH (Excel))
o fffH : Download Intermediate Output (Excel) (F#{H [##iH (Excel))

F % 244k <datafile> modified <YYYYMMDD HHMMSS>.x1sx o

9.1 i

SRR H AR > AR EL T 45

4 L]

est_<target> BRI TEHE > 140 est_sale_price ({R¥ 1 fii/]Ni)

residual EEEWETERME (1 62/

cqa R — B —W ] 154 (2 fi/Ngg > #EE 0-10)

residual_sf BERDEERRE CGFEisE > 1 /)

cqa_sf i residual _sf FEAFHHAS I CQA (2 fii/Ngg)

<variable>_contribution B g KB EEE (1 A/ > BE g RE—1)

basis BIEERME - HIraHEMR (1 AN

calc_residual B MEMRZE (basis + A HRKME) Bt (1 i/
)

B % BB > ST _<i> RALLAR 704 H A A

9.2 HHHEFH Excel 183
HE 42 T AR B e i RS R I AEIALE 0 I - residual_sf > cqa_sf ~ residual > cqa °
BN B EHT R F R > WEHE I EERAE CQA S HINLE -

BHERER T LT Excel #EAgK ¢

1 44 F = 1
residual_sf #(fl > 2 fi/Ngt 12.34
cqa_sf BUE > 2 (/N 7.25

residual Bl > 0 pi/NEE 15,200
cqa ¥l > 2 SN 6.80
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9.3 CQA 5}
CQA GiRI—ME—WE 1) 5Pa s —5 i 52 B A HAa i = T HE 2 Ll - A E )
b > CQA ZWFFIREE 2/ INARZA B TG B 5 4y FLafe DL 10 o fIbf3 2] —1E 0-10 Bskn RE -
Hep e

e W CQA (= 9-10) —% M B A M MR TEIR (BRI )

« fk CQA (= 0-1) 5% B E A A (B AR A TR (BRI B 828 )

o CQA ~ 55— T A IS 2 A 8

HIEE T living_area Ml > cqa_sf FRALEL AP 5 9 RIS M) [ JHHE 4 -

9.4 eI RS

FEMG BRI 50T > T L B R 174 residual st [EFHET (G R 15 & o A 1 I 4%
residual JFfF) o MEEERES] (58 1 5)) (REFESR 1 60> ABEPF - BT > &
G HE LR AR NE P B Y

s MR 7 2B A e AR R A 42 MR A > Gt {65 o 6 Sk 1) B T MR v 5 25 2 TR Al
K 2 9T USR] - SEATAN R PIR THY CQA S FERZ i AL o

TEWEI predict () ZHij » FEHER:H i PRI /K HEr BB AR OB 7F o 2 R B I R 77K
HER I NG A NA FHRNE -

R ¢ cale_residual BRI residual (FEFFAGRZEHEN) o WRFTHE L REE > BIE
A (A R A A A B PR -

9.5 mgcevUI H &)

BRI H degree < 2 W > earthUI & H BiAF EREMAE RE R A .rds R > AR
ZH B R o RS A G FAEE - <datafile> earthUI result <YYYYMMDD HHMMSS>.rds o
WK ZE Tl mgev 12 R BEBAH A W24 AL S 7E earthUT & 4 > 4 48

earthUI::launch_mgcv() FX#) i B readRDS() & B - GAM % . ffi f§ earth A% %Y
)£ B AL B NI R E 2y GAM SFIB TR AERS » M EBIAE MARS 2] GAM ZUSE Y EAE I I o

degree > 2 WMLy BkiE > KA mgevUI EXIFER A H. o & earthUI DL Trilogy iz
(f& Trilogy UT) BAEjIF > ZHSHH Lock Model Output (S 58000 1) 5 BR AJ 388 0 I Uk e
A1) .xds 38 ) L TEE S g R N L =) CQA B — A A it glmnetUT F1 mgevUT fEA
AR A earth A5 o

9.6 glmnetUI [E A

7 GAM H X FHEAER R — . rds A% 540 0T FE A B 40412 SR PR AL —— [ AR €L &5 7E earth UL £44
W B3 earthUI::launch_glmnet () F{E) - ¥E glmnet JEHH > EfjiE Section 2: Import
from earthUT (%5 2 #i : #¢ earthUI [ A) > {#i ] Browse (%) $254E5% .rds 5% o

glmnetUT $E A2 #ER) earth: :model.matrix() J5ik : earth HEBYFFL KB (858 ~ 32 HIA
FIARTETE) J8 7% glmnet BEaT AR o glmnet P& S Lo FL MRS T 1E B bR B > 4838 lasso/ 8
PR A4 S HOEA T IR FIIAR - i8A% carth ) B 8BRS B glmnet ) IERIBAHAS & -

9.6.1 FHIFEL

o WfFRERIZEIA : earth FEREREE R L HIH (RWAE=RETH) HATTEMT A9 &40 558 0 0
glmnet J5UA I SORGAE FLIAFEVE JE 36 35 6 B LU RE

o BBhIERRIE - carth fREHHE R BORT LU PR A8 AT R 4G TH I S AU A HE glmnet BERY SR
FRARVERALR -

o BFUUEEE : glmnet W LUE— B BT earth 3 > BIRSUA HRRAYESHIA -
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9.6.2 HERIR : MEEMMMSAE T

I earthUT i F THESE AR (B4 > FH weight=0 HERRMGEE L FES]) > B AETE
glmnetUT (1) % 85 Bt B P 45 E A ) AU RE A o 40 SRAE B 5% @ AR > 51 80 S v 38 7%
earth ZEHRAEVART INE] glmnet FRERYARREH o

9.6.3 L{Eiifi

. 7 earthUI & —1{H earth #H ((ERERE#D) -

.rds %5 R R 8 H B B B R A s B R AR o

. 1F glmnetUI > BHEL Section 2: Import from earthUI > ¥ £5% .rds f5% -
R {1 P fe P P R — SRR 2 [R) — ME A o

. TESE 5 HihECE glmnet 28 (4 earthUT [ AJE A TEEIRAEIE > S BRI A B5H) -
. BEi® Fit Model (BE&#iH) o earth MG HIFE Equation (5#2) ~ Coefficients (&
#) F Contributions (EEK) HEHp -

R N
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10 RCA FHHIRTH

Calculate RCA Adjustments & Download (514 RCA FA%EN NE) FERAL A REREE 7
i > B RGY T EBUREE A 52 4T H - ROA (Residual Constraint Approach » B4R
) A ARG EES (subject) B ~ P E T35 02 E T LR B3R -

10.1 BHEr RCA %5581
BLSE R St ey B R —(E /N e S O B - oy
« Score type (FEoEfY) ——BEIHFRER > HiRNEEE CQA 5 CQA per SF ({15
JE living_area MR} > SF BEIE AW H]) o W2REHE [CQA per SFJ » RIFRIE /R Al
BRI ER CQA §¥4r » HEEZEFF oI & A mfE R D A & CQA_SF 54 ULFLHY
residual_sf
. CQA value (CQA fi) — IRHIAMBEESRET CQA 374 (0.00-10.00) « s
IR By i B R AE 1T EL R ) B A P TR DL B -
o Generate (ZEj%) #8t——7=5 RCA #ii il DL Excel #8530 T o 78 A A RGEE2 Z 0
RIS R FRf5 HI IR g -

10.2 CQA iFor#ifa
HIRBIE Generate IR > earthUT SRS W LR BIH) CQA /5822 B ACHH (ELAG B SR ER 2%

L TR G CQA FEFIERZEE CQA THYHEF

2. HBEVEIEE (stats::approx()) AFIREAR) CQA {EIS % —{HIRE

3. MR CQA per SF » JIGH3F-J7 S RS ZETR LA B S0 fa AR TR - 49053 1o 4 5
4. MEEZHMEHEER 5 - SRTHENE + HEEE

10.3 #thiA

RCA Excel % (<datafile>_adjusted_<YYYYMMDD_HHMMSS>.x1lsx) 1% A5 H [is iy Hi A >
i

1 B!

subject_value HERTEBIE + fhEREE (5 1 %))
subject_cqa TRE AR CQA FFsr (2 1 31)
<variable>_adjustment SR E R TR BIERR (1% ¢ RBoRIHR )
residual_adjustment il (BGRB8 25 2 1T L )58 22
net_adjustments ARz (B + 82)
gross_adjustments A R R AR E

residual_pct B SRR EEAG AT b 2 ) (R Y Ll 5]
net_adj_pct T A AT L 22 45 B () L A5
gross_adj_pct AEEREEAG AT L 205 (Y L]
adjusted_sale_price PR GIVEE + A

ARG RO o SR EEIE AT USR] > RN 2 FLER AR A BN 8 © adjusted_sale_price
o I P AT A TR A AL R R R0 0 T L 8 1) B — i AL 1 B B AR A R SR R il s
Pl
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10.4 RCA Adjustments H4%§

RCA i st H 5% > Emtb i) RCA Adjustments (RCA §i%) H A B/R %S AT HL )
i Residual Adj % ~ Net Adj % H1 Gross Adj % AR BT (% AR R AR08 HAE—4) -
R T AT A bR e M A e R R SRR

R 2 CQA FFSY 5.00 FrAGEE SR A AT L B AL AL © FF R 5 Rl BB 5
B RATEKHE 5 R 5 RIFIRAK T K HE o
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11 GHER et

11.1 BEate iz

e LR Agk% (Sales Comparison Grid) Z7EfEMNT (HEEMEE 8 i) - 515 RCA 3
B2 EAE N Excel JEE A o B LAGE LI 8848 T2 0500 8 % 52 B8 e 14 T b ZE )l B 23
TGRS B S N T L R B R A EE ) Excel A -

% HE M A A R A AR R R B R —— &A% Earth A5 75 4 fE H A0 08 55 o 5% B 0T 45 5
EFMMAE A AE T ERE TS CQA BENR I EEMEERE L - HHEZRELE
SalesGrid_<YYYYMMDD_HHMMSS>.x1sx °

11.2 °] b Rl R HE

2538 [ Generate Sales Grid & Download | (A2 88 B ARSI FHk) € B R —E A A 58 77 i
PEURSEIR B ST LR 2]
o HERET] LM TE A o 5 LT L R A AR TR 0 FUAR R B 25% o HREH IR
M KoEHE T (R s BAERT) > BFRZ 30 A o
o HABTHERHBIMAE T T > FEEAZEE o B4R 2 50 25% > (BT {5
(B % BN 50 I > $4ERF S o tu TR HEF) -
o L IEIE 30 fEN RN - HB R 10 RTAEXR (3R T/ER 3 ETELEM]) -

TERRIR IR > FTB W L R4 G 4 LT3R > IR b A L 0 T b 2 1) 2 M B AE
Sheet 1 E o

11.3 #3t% 4R
TR TAERIRA 20 H s AANAG RSN 3 (EWTELZE 0] o & EHEAIIZ -

i R CREAREERS 5 1) ‘
fili 5 R HEME L FHEME 2 FEME S BEER (VO
FEWEZE  FEME L FEE 2 HEE 3 FEER (VO) -~ Jif
il

BHE LB TR -
1. BEE—TEFR AR (40 TIntermediate Sales Comparable Grid — Sheet 1 of 3 )

2. FKH [Subject | B4 AT L 2 5] ) A AT RE R

3. Hiuhk——5E # Y o kit

4. APN | MLS# | DOM | Subj.Prox (GHLSE | #HEARSE | 1R85 RE | BATEE R
PERE) —— RHbSE - AR ST ~ FEE R DURBGEB RN Haversine JERE (J2H)

5. Sales Price | Concess. | Net SP (g | EEEE | FEME) EE - FEEEE -
P} Net Sale Price (JREE) A

6. Regression Features (JEEFFE) FKUEF

7. BASE VALUE (F:#{l) — R HE

8. Date of Sale | OffMkt | OnMkt (B H# | T | L) —AAHI ~ sEES
EEf# A1 DOM

9. sr#H] (RGBT E ) Location (fii'f) - Site Size (UBRERE) F1/8% Age (RH#E) 41

10. HRISE G| —ETER 28— (ST I8

11. ZZ2H k5]

12. Residual Features (BZE45E) FK A

13. CQA|Residual (CQA | #&#) —CQA 54 + BIfgmEEAR

14. BEEREP|—rr 2522 B 5] > HEAhERES
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15. Total VC / Net Adjustment (% VC / {Hifi%)
16. Net Adjustment % (FiH%EE5rL1)

17. Gross Adjustment % (ZE3H%% 5 5r1)

18. Adjusted Sale Price (§i#28EE) — A7
19. hihE

11.4 B1E - F{HEH Net SP
55 5 AT Ry RHE T FU SRR =81

U ER g Suih N e Uk
fRRE Ry concessions HIHIHFHIE CRIFERZ 0)

—{il Excel A3, : Sale Price — Concessions

o Sale Price
¢ Concessions

o« Net SP
M EE RN EEBRS TN/AL (FRARM) » A B EEEE LR -

11.5 4341%) (L8 ~ #iBl > Bid)

W E T SRR H S e s B TR R P R > earthUT & g7 A4S AH B S 80E OF Y 4> 405

Loc: Long | Lat | Area ({ii'f : £85F | &)F | ®miK) % longitude > latitude Ef
area W E— B H B AR iR B B o BURBHEAH B BN HEE - SO EEER (%
VC ZH) > UKEHE TR AR (FEERE0F VC — ARG VC) o VC &L
BEAYTRER -

Site Size | Dimensions (MiBEHE#E | K~))
TEARTY R HH B o G5MEEE Location ZHAH[E o

Actual Age | Effective Age (FRER | ARUZEE)
HBLTEA R P R B © S5HEAHT -

Bl AH GG FH ) S B8 T J5 A B R 5 B kB > AR IR ARt B R -

H lot_size Bf site_dimensions H¥R

i actual_age B effective_age

11.6 BRI
HESHBI T G545 > BIEH/E BASE VALUE FJ7) » 451 0 i AR AS 700 T 300 S 3 A —
5 > BUR

o HEE—N B SR AR VT EL S 01 A0 BB EORHE

- EEEB (VC) %51 g PR THINME A H K

o AR (ERTELZRM]) 5 VO LR VC

11.7 CQA|Residual $25& 4575
CQA|Residual 5| BUREHEFERN CQA 41 » A & RIERFEE A ——H MR 4 U2 B
R o AR

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

H R R —D5 fEfr 4% (Location ~ View/Appeal ~ Condition ~ Quality ~ Other »
BOOEE ~ BEBL/Wes] 7 ~ JRIL ~ SRR~ HAth) m 6 (EZE 51 o i8R A RS > LA E Al A
BRI B RF EUE S EE E R o PEE AL EATE ASE > Remaining Residual AXMEE A
B o

SR E T L) o SRR AL S —E A - AT EE SRR VO — W AR VC o

11.8 FAEEEHARX
Adjusted Sale Price 5I|f1 % Excel AR :
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o fHIH¥S - 4t BASE VALUE 2|/ —E 24 0 M i B E SR GEEAR 2R - 5
FAETIBAG B R TARIE > 0 B A BERG 23 BC B8 22 R L o

o WHEMH) : Net SP + {58874 5 sl ) B die 12— B2 B IO P A o 4 A A%
N o SR A I P i A A i 2 A R A £ (RS A R AR A T LR R A

11.9 TAROREIn] SR 17 4%
TR TAERYOZRE > DB AXIE R R MER - (Rl#E T -

o FAARGEFH (Net SP ~ FIERIEE - g% - HBREHES)

o FrAERME#EAAAS (bt - B - FEE - RAERENEEERD

o PRERRIFEH

ME—RGUE (ATARER) HYREAAAE IR S EUE E BRI A —M CQA[Residual 51 75 fit
Al B R O R AP o I LR LIRS (0 R » Rn T A

11.10 f£ Excel H{fi fl494%

L. BHRRER—M ] Excel st HRUHE R IERIFEA -

2. TR R —— R A I O IR IEEUE -

3. mECEEZE—TERER Y] RARER) 1 BUSIRERIEREZE P R R SRR (2
B RBL ORI ESE) B BER A - BEE IR #ETT > Remaining Residual A3
FO{E S A D> -

4. 5 #& Adjusted Sale Price——a% /N A& BE IR AR ZE R RUE T H B ST -

5. ZRTAMR—UNRESE T 3 LI LT - 5 TAERZ MOk o R TAERMN
FERRYS R R — A EE S > RCLL 3 B AR A AT EL 24

R s BERM CQA BENTB|XFEY > HE Remaining Residual 3 RNE - i85 R WIIRAE
0 A P 18] T L 2 01 0 B il (L B B AR TR AR S 5 -
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12 TRk

WRIBE A SE % WA R — R 4080 Quarto T4EVi : Generate Quarto Report (4
e Quarto Hist » MEBGR T 2SS 0 8 > HABBIF A% 7 ) Rl 18 B e i
1 > fi Convert Quarto Report (## Quarto #t4% » 4 10 i) #H——sUEfTH AL Quarto
R ——IEGRy RAAE A -

12.1 A% Quarto

2% Generate Quarto Report & 7EE Rl &R K TH) <base>_qmd/ HEH—HH A5
1 Quarto £ » &S EHANAER qud JRIGRE ~ Fra EA M E £ EJE (PNG f1 PDF)
Wik > DUk —H Word ZF 8t o M5 BEASEITAEMNE Je——aZ i A nT DLF AR ~ 8@
i# Quarto includes BLHAth Quarto JRIGRE S HF > Bif#i ] quarto preview HIETHE -

12.2 ¥ Quarto i

55 10 ffifRpt—(ERE st iRas  (FH R 10 i 3 28 5 3 A ) i A ——ABAR mT DL B BT
.qmd $E%) DAIKMEAAZTTE
e HTML— {8 .homl % > 854 KaTeX BRI « 7o oI R H 8% -
Flatly Bootstrap FEfEF1 Roboto Condensed FH## o
« Word——(Hili & 4RI A2 3510 . docx MR - (15 EL 8k~ ELRS » M0 F 37 2% HoR
PLRFFRRA — 2K -
o« PDF——ffi[f] LuaLaTeX HENR > B HiE B B3 0 o AR R PBIER I E (Letter
o Ad) o LSRR KT A2 . AE [ R 1a) B > 3l f# B Roboto Condensed # [t Latin
Modern Math HERZAZE o (EEHIF] LaTeX #17AREEA € #2{t PDF $IH o

#i# Convert (Wift) DIEZLPr#AR o HAUER JPIT— AR S y R TH
IEHIFT Quarto HEPE > JBEFORH5FT B R G8 © 56 Fiifs & A i AR RIAR RALE -

PR ERIRG ~ BOR Nl - RCA B ~ SHE MM AL R B S {E ) #0 et (R i R I
B BRT R AE IRF AT SR B i HH OB E P Y <datafile>_ earthui_log.txt » DUEHEZS BEIAI BEIERL

F=151
He °

12.3 HEANE
TR AR AL 5 DU 25

PORM I —— TR, ~ F AR 7 TR ~ AP
BUBBUH—— B (degree) ~ 2 SUBRRIRAE ~ JE8 » MU rp T

FURFRIAZHIH (£% degree > 2 If) At BRI A FLAE R e RS b
AR ZE—R? » GRSq ~ GCV ~ RSS > DI CV R?  CERUN T2 XUk

R T FE——DL LaTeX RUSEE/RHI 568 Earth BAT5 2

RBELEL R —— T AT ~ HARBLL K S8 38 (12 R ) A

S B ——TH I SR O B AT ) R R B AR AL

g PRBCE A —RE(E ¢ KB IE - BLEABORRITARIE > BEBT HIAR 3D EALE S

e IR

9. 38 e Pebi——— 80 4 S B A ) 2t
10. 22— EEEEAE (Residuals vs Fitted) ~ F 8 Q-Q [ > DL 8 BE % fE BIE

(Actual vs Predicted)
11. ANOVA sff—RUREFE R 8 RSS BRI #AE
12. Earth §jli——3 H earth: :summary () BJJRIGSCF o H - G5BT AHGATE H A0 &

B2 SUBAERY > 5F 4-8 BiFISS 10 E e et B (e B AR I H K
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PR« B T E quarto R B Quarto &4 o FHEGW PDF > BAARYE LaTeX 317
FR (MM tinytex: :install_tinytex()) TR PDF U7 Y& e BE s -
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13 1RRPEA MK GAM

earthUT £ 75 wi {1 12 g BUAAH ——— (25 7d glmnet PHEVEAEAE (elastic net) H = F1—1H
FEFA mgev MBI (GAM) H3 - APEA—F CEEEMO R TR A G 5 46
S EMTE earthUI TAER P > DI S8 F X i 4k o

13.1 FuttBei EhBh e & »

carth ALY B EAT - RSP AR TEHEE - A2 EARMGI% - $HER
—fEEES (subject) ~ FEAM R H A EOREA IR BRI MlET o B %S earth Bk SO T8R4
AR BN ET BB SL I GAM “PIBEA 1 I B E EA R SRR > Ak 35 R PO 245 o (58 A A28 PR AR
R R ——E R S R 2 THE EEERES - HEeM A2k > Eisn
WA By R 0 W A o R TR ORI ~ DA B R TR A > R R S A A A T
PEBE R o WIERSAR AN R R Y earth BN Z b 5 EMEE&E - LA B HUMERH -

13.2 F@Epgait =ik ag
TR AR — 8 S A Shiny FEH]

o earthUI::launch_glmnet ()—— 8 EAALER] » B 7879 -

e earthUI::launch_mgcv()——GAM JE > M {EHE 7880 o

= P IR — B A ) — 5 kR > R ARTE earthUT oo BH RRAY 2 ZE FEBLAH b o7
Ry H Hi[H) earthUI A HAGEAERIHT AL © Response (JUE/ H 4% ~ Effective Date
(M EZEEHEH ) ~ RCA fhEESM CQA BAPUE » UK E(EMME (living-area) F§5E ° 1548
EAEPA  SAHEEICE M > MR REE S =K S -

13.3 P44

glmnet F 3 earth MR 5 R S——FCSQB pRBYL ~ 50 FLIECR Bk JH——1E 2%y i B Jof FX) A i
A EEEZREE (lasso) /AL IERME MR IR CLEH LR ERSFHS R
B3 TglmnetUI Import 1) » HACRIRE T earth AfERE  FoA 8T HRAYIA - [l IR LAY
W At o B AR LA RE RS 1 S (B BRI St 2 AT glmnetUT SC3

13.4 GAM %=

meev HRER D BT - BAE earth HIZE RS > T2 EHHE OB A FigE > D
earth BERIF)E R AL EAERER (2 R E3C TmgevUL Auto-Export ] ) i GAM YEA [
i T B R O BB earth MR — B FIEB LAY BN o MR R o S8R
degree < 2 [ earth #HMY o SERtFw Il 2 RA W meevUI SLE -

13.5 —fEE M T/ER

1. Jefe earthUI i 5 04T earth A B 8| (R EHME R 1L o BRI ES
(degree < 2) FHbEr F B M i BEBAAHL G AIAY . rds 5 -

2. S1¥EHE —HEHK glmnet fl mgev # > A carth #RIETHES - — K IE—E
AP TAEA—REAARRE > HAW BRIt =S E T el - Kb & B i 222 IE
FPAEAT > TIEAEAT

3. HHEPER o TEURIR S IE R Z TR DI - 4508 I8 AT R B0 LA 2R - o 15 A A B 4 o
VR AR AL B

4. FUAE ZARA R A VRN RN > (8] 2 %08 5 50 i Quarto #tdy o AR5 IEHR &S
HEEA R E A B LB H R =FRH (trilogy) FRsgHP - M =0 Hd rE #1 2 R — K
FLBSHRAT -
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PR ¢ RN R AR A S AR AR ¢ earthUT B S TARR——H8E & ~ RCA ~ S5 MA% -
HE—BAEMR S o 5 G T Z R R A e - PR EE S - BRI
F TS AN > BRAR AT RE I R AL I R R AR RS
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14 R#EIEPME © Appraisal 1.csv

carthUI 44 & —{E7R 4 MLS ZORHE - ATATRZ M (E TARA - B 77 A

demo_file <- system.file("extdata", "Appraisal_1.csv", package = "earthUI")
df <- import_data(demo_file)

i o 75 Shiny BT > S AW HER in/ LR (S{ER SRR B YIA
BHEZIEN) - RATES 2 A (Import Data » AR e -

14.1 Hipulke

R R A H — A g MLS RE 10 1,501 fRfEga & acss - sHmsE 1 500 1 [EGEESR
(subject) (3t 1,502 7)) o BRHRE —EZ WIS ABHRECHE > WRSEFRENK - &
HEAIDLE

EAEFEER > AHIA AN — 8RR AL o AR RS A S B o

14.2 ERHA

TR

weight | numeric | — | BHEEE (0= £rsERS 000 |
id numeric display__only A ERFCER 1D
property__id numeric display only MLS 5 ik 7l i
listing_id character | display_only MLS Hsh9E
parcel _number character | display_only FEFUESEEN B 2 HE (APN)
street__address character | display_only F e ik
city__name character | display_only W
postal__code character | display_ only WRIRIZ S (ZIP)
county__name character | display_only Hz
contract_ date Date contract_ date SHEAKHM (FRETA sale_age)
sale_age numeric — FEE#) BB AR H Kl (FEERID)
coe_date Date display_ only WP SER (close of escrow) HH
listing_status character | display_only HhEAREE (52017 Sold™)
sale_ price numeric (target) SHEE— I EAS B
rent numeric — A4 (Hh% HIERR)
list_ price numeric display_ only B EE R
original list_price | numeric display_only JR GG H L E RS
living_ sqft numeric living_area MR CEAER)
beds total integer — NS e
baths total numeric — WEAE (Bl 2.5 = 2 H4fr + 1 %)
lot_ size numeric lot_size MR mRE (PR
area_ id integer area MLS [ 3k 7 %
area_ text character | display_only [ 35 42
age numeric actual age B (4F)
year_built integer display_ only ARy
latitude numeric latitude B (RIS AR /NN 3 )
longitude numeric longitude KERE CRRARREDD 38 A B /NEUBG 2 3 r)
latitude6 numeric display_ only SN
longitude6 numeric display_only ok PSP
garage spaces integer — B HL O 8
fp__count integer — B Y08 9
no_ of stories numeric — 1
style character | — A A
view character | — SRR ()" Neighborhood” ~ "Hills”)
days_on_market | integer dom TET R
listing date Date listing_date HHEH M
sale concessions numeric concessions B4 (concessions) 4%H
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14.3 R PUE BT 58

N =

S G W

$em  LEMEAIRE

e © 0N

FAE) earthUI : earthUI: :launch()

TE New Project (HH4HZ%) K& P @ . —fH Purpose (JHi&) % For Appraisal (JJj?
i) IS > RN Appraisal_1.csv AER PR ERHE %

Y56 2 fii (Import Data) H13%3% Appraisal_1.csv

4% sale_price fEA H RS

e bR RTR E R

WATEH|ZAE : sale_age ~ living_sqft > baths_total » lot_size > area_id (fE& KA
) ~ age ~ latitude ~ longitude - garage_spaces

s degree #% %y 1> 2% Fit Earth Model (##4 Earth f#%)

TEPHEEE (6 %) > B CQA HE4

At RCA g (58 7 ) » CQA /B9#1% ~5.00

AR a L AErs (56 8 &)

) MLS BRLZH » MEERERIRE earthUI 2ERIREMISFT7 4% - LoisE

(=)
R N TEI S BOR B B R® W 0.85 HIBI -
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15 FEgM:IfE : Prolog Sy H B EH

0.10.0 fRAH| AT —IE n] 38 H e BB A DhRE > FIAE MLS RE H 2Rk 3 e M SO 1 Hp 42
Bon] (AR R R —— B R [Public Remarks | (ABAffRE) > H/MEGIERLA N MH
ak DL DU SR 4 PR R0 2 > B0 55 T RR B B A 58 © $R S| 28 & Prolog » HEET & &
B FAa X (Definite Clause Grammars ° DCG) : ¥E{fi5E (remarks) SCFHakilEEn
[move in ready ] 3 car garage| BY [owned solar| ZZ4GEEAIFRA] > ¥ Prolog B HIAGTE

W IIREATER B 2 o H BIE BT LAER > F R $EEX W R A S 1 e k3 — 4H B FH A AR A
BB HAs FC B T e MLS 1 FEE S > BT EREAIBEIE4R & Prolog » JLHZ DCG -
WRBEANEEE > T2 BGRART  BZIRETEHRR AP - BIPARE earthUT By HARERS TAE T
SEARANER o

JE AT TEUE AR 88 v O BBV E D E o HARBCORBEAN 528 > R K I ) B Al (6

AR BRE—— R R U BT AR 2 i > Db R SR JRUAR SO A o B R A
ZIEE > T EAM Prolog 1 DCG Ay BB TAEHE » Bl — YAk hn B3 iy
R BT ERY > HTERAPA Settings i Br B I fECH AR wT

15.1 ‘EHI1EH

MLS J3-AE FHSC 750 B 51 AR o v 2R R A ek BEL (B B ) S R o i — T 88 20 B i
RERFERIIA (@ (AR 6 5) - IS L 07 A Rl i m] LA P Fo) 5

o remarks fiij § Prolog DCG SCYEM#AT » 4 fIE H HUHS ) J88 1tk A mie— B R A0 o A i 4% D5
Wi 2RSS B PR - public_remarks A:J pr_* fifl > agent_remark A, ar_x*
T o (R

o list M (il existing_structures = "Shed, Workshop") #% x40 & & 2 4R 15 )
<col>_<value> TRUE/FALSE #f - i@ —#ksr 24l R E1E > 582 ATE Prolog °

WE B ) SC 1: (inst/prolog/mls_remarks.pl) H A A2 UM N A G HE : #F 15 #&
condition_score M SRR AR 5 SBUEGEERBIR ; B 5 WA IR EIAMESE 5 A K& HAb
MM R 5 THARTE B 51 3 R i 5 BB A BB R T R 5 pkith > KR R o == A st 5 BE
R ; MBS (WRE - B8 - LIEM ~ casita ~ BF ~ R&F%) KM 40x50]) BHERF
AT H TR 5 B B R GE 25 W s KIGEE A A AL E 24 ~ BibREEE s HIBEERE (&5l
B R 5 BRI 5 E mEE S8 (FE - HOA % - KGRl S E
7 ~ Mello-Roos) ; BENIERER 5 DILBUEE % [—1,1] B758E / BB EEE0

15.2 BIEER : vProlog (Trealla) » fijJE SWI-Prolog

et T AT R vProlog R £ F———fHH & Trealla Prolog 5% o ¥ A~7E CRAN
b FERBE ARSI EE [nstalling earthUT and vProlog | (%% earthUI Bid vProlog) — ffi iy
N PEVEE B r-universe fEfEE L E (34t Windows Fl macOS WTEAR & N £1F > 1A
{7 github.com/wcraytor/vProlog) o MEFT W g LM K&K Prolog Z4¢ (Mim
SWI-Prolog # R HAMEE) o iR A vProlog » kT Er s BhiB Il 45 /R - 1 1ist Mk
AT ERE AT o Wi Rk vProlog_available () F ¥4k 5| 4 BAREHT SO A ER4E o

15.3 BUHRHUT

1. PARK Settings (3%5E ° BifmlE/~) ° 4)3% Enable Prolog / list column processing
(R Prolog / BIERMHBEIE) o % BHBATHR AP - BA RS DhAg——T 17 2§ Prolog 2
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SRR A ) MR E SRR E 0 WEEURTE Project Information (BZREF)
HEET I o

2. {ERMIEERAT  HIBIINY Special (FFFK) f4(1¥% remarks 3 List (fFHEf G40
TR e 4R 2 E) o

3. AL EIEMNEE 4 fi B 5 fiZ M # Execute Prolog Processing (#if7 Prolog ji&
) Tk o BIRULRIE LB

1. Expand lists & remarks (JE[%| £ EfiE) —¥EE remarks ¥ T DCG % »
WEE 1ist B TR EYR S o BREENERN - JUEM A ERSUT LIRHE € > — B
I s E AR TR B > FRE RIS R o fRAT IR A B OB HE -

2. Execute derivation rules (FfTH#EEMH]) —FERBAZMM LER KB B Prolog
derive/2 #H| (A TF3C) o HHIYERAT AT & KB EE AR & el P T B -

15.4 SR

R —E K5 > earthUI A% 5% 51| W 45 BT 5 %% cell(Name, Value) HE > i HE A
derive(Col, Val) FRBIMIFTA fE——E A B Col #AA—EBN > H &ML BI R 5 —
fEME 2 ¥ > BRI AT DUYE A% T8 B 0 — W12 77 © B Bh3E ] (count_true/2 ~ count_false/2
count_true_prefix/2 > cell_or/3 ~ is_na/1) TEEEHL NA jEH > |fif drop/1 HEEEMH
BB T 1% 5 3EAH EME < filtn

/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.

% Count amenities 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).

F B AR e A E B 22/ 3 ) <project>_rules.pl REZEH > 5% 58— 5 o BE R E R A AL
WAL > 1738 Edit derivation rules... (AFEEHEEFN------) YE—(H P FE) ~ AIHEHE) - th
A5 55 B AR 4R B 2 P 4R i o Check (BEY) HeS Al 7E S PUTHLHI A IE 0 T B 5
fTBRE BRI ~ AL > DIKSHEEREE 1 5 0aladT) -

15.5 AR AR AT B R %

F— 5 B8 58 1% > WA R N ERHE# € L) <original_name>_<YYMMDD_HHMMSS>.x1sx FJIE
BAEZIA BRI o AR % R TE B BRI 22— TR B R R R Y R A
FERE > TR R B A SR KR A S EAE RN 0 1 glmnet UL A1 mgevUT i Y At I 2 7] —fE A%
2% o SRR ML DR B ok B PEBRAE AT 2 A 5 Az AR B S e gk 1 Bh A oA TEIE S B o SCE R
Mrol e R NILFEAS R CEIRE) Ay A SRR EC & Latent (JB7E) > 5(H X
AEEAEH (R 6 3) -

15.6 A/ i 52 B R i 52

BERBEYCER > THEMKERE M : execute_prolog_processing(df, remarks_cols,
list_cols, rules_text) £ & 4k %18 b5 BB Bt » H K 8 & ® remarks_to_columns_() »
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split_list_column_() > apply_user_rules_() fll validate_rules_() ° fiiJ/X inst/prolog/
TREMTEY Prolog JRAAHE A4S : mls_remarks.pl (DCG L BFFEHEA) ~ mls_analyze.pl
(A # R WA RIS % 10 BEE)) -~ mls_rules.pl (W] fbfiiE A R RyiHBIFER) » DLk
climate_regions_ca.pl (F,F3) °

15.7 FHBAEEER : SRR ok

— TR B 1) B B M T BE ST 365 0 R A v A0 R Ft——— B AR A IR {88 1 B A A 8T L 8 B 2 1) Hp T
A7 R SRl A A AL (B 288008 B) o =fH R B K #——climate_region_for() -
market_area_profile() fil climate_feature_priors() WGEZEME (B + ) B
NGRS B s T W A AR R BRI 2 — CGE AN EEIRE B e 16 (88 5 5w
B o G IRGR B HVAC BLELAReE (PERE ~ 2258 ~ 78800 i ~ 22 HE
2RI PR LB R EEER - Prolog 14l climate_regions_ca.pl $iff T [A—& 58 >
] FEAE BT B SRR 5 RIS E ) — R AR R OJEAE Y, - NS e AR ZE - BLEE S 7
B ER G2 % > WAE RSB TR S B — W R (0 H R 5 22 1 15 4 10
BR) JEHINGERTER o

15.7.1 EEOINAfEE R ¢+ 5% E A5 v 45 [ Sl Al

T4 JE BR R 55— E BT > IR SR o earthUT 72 50 B3 45 12 9 B > SR0008 50 B R ik AE M EEL A
#EEAL (jurisdiction packs) : HE & ~ BEMELMHEER (DEER ~ TEEITHER - f5E
JeBR) > IR R G I B R TBUE &R A sk > Witk —EE ] R —E LN~ —
EEE BN (Land) > 7 R B —E/NE - B ZECEN TG R4 (market-area
modules) Ji& B HE 5 — 44 T 45 1 30 %) 76 Ml FH 5 B BORS 41 1) S 8 o

“HEBEET HAZAR R B Valuation Engineer MG EEI7E—4231Y ~ HhMA CHES HE
W H - WBIE > B LLM 52k« AR Bl A % 4 Prolog Ukt il > KIS
I SR AR B RGET BR A  IERE R o A AR — AR A SR (schema) > MG A
SEREM BN E] (B InFI4E e BiAs & ) > HAAHE H st 2&i# Claude EHEIIBIFREAIR IS ¥ - —
T Y [ REE = e B —E A 3 A 5 earthUT @484 i JE 1 Prolog > iiff H—{HEA
FELE A B ae (B~ B - 5 2B WARSITRE) WEMRE - A4 REWRUE - &
BRI 4 5 W AL BRI ZE G AT B B sl —— B A EE ~ HIALUR S| RS8R I —— Rtk A8
SRS B R AR SN A BMIEEE T » #ih-th REMEMES | FH Al F iR A K2 H AR

P s —EEARER BRI B derive/2 BASAPRLEER pr_+ HE5EH 4 B D%
I8 IR A R AT R T drop/1 B g A I JRUAARERE - JLOR B IR A A0 A 25 M 188 TR 58 .
FE BT AR R TR S B SRS ] - AR IRARYE T 4 o

275 3R

Friedman, Jerome H. (1991). “Multivariate Adaptive Regression Splines”. In: The Annals of
Statistics 19.1, pp. 1-141. DOI: 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 B258M:4%%) E4F ) BE) 4
]

FRIP GRS > N T R B R ML A AR R AR AL 5 SRS R A HE BURA
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AR BERCBUR S B AR E AIH CC A KR 4.0 BESEMGR (CC BY 4.0) HIMEKEEA -

W o glmnetUIl &2 R 3B glmnet BB & /1 (graphical user interface) » 3% £}
%M Lasso ~ A8 i LB PE 44K (elastic net) Z)HIZRHEES IEHIMLHBE AR VERA (generalized
linear model) o ‘B HE At = F iR AR ——8 A FHIEAR ~ Sl 7 i (8 B v B T Sk o i —— 36 5|
EAE R SESCERHE A ~ BRI~ R BREHES ~ R e DL R s T o A SRR T
glmnetUT & RMERER ~ S TAERA ~ L BRAH LUK SN INES % -

BgkE : Lasso > A& & VA4 > IEHI{LEES > glmnet > R > B R E A > ASBYEL
(]

W (2026 4E 7 H) = FHEIETAA > glmnetUI B A earthUI (0.11.0 & PIFBIRAS) » A<
SO A AR A A% TAE AR B EL MARS Fl GAM TAEWRAE—[F 1 earthUT $24t o glmnetUI
UL R AR BMAIERE (0.5.0) {£¥E¥E https://github.com/wcraytor/glmnetUT ; 144 B
FEGTE earthUT Fr 44T o A SO C8AH Y glmnetUT -

H &
1 55 3
1.1 BB R . 3
1.1.1  Lasso . . . . . . e e e e 3
1.1.2 A BFEEREMEGIAR . . . 4
1.1.3 glmnet B . . . . . . e 4
1.1.4 BL MARS (earth) fl GAM (mgev) FyFREZ . . . . . .. ... ... ... 4
1.1.5 BRI TAERFE . . . . . 5
1.2 AR glmnetUL 2 . . . . . . . . 5
1.3 ZAEARRR . . . 5
1.4 AEREEFINEE . . . . . . . 6
1.5 BB BT . 6
2 MLS § AERHZR 7
2.1 RERMEHALERE . . . . 7
2.2 AHEBSSETERIMNL . . . . . 7
2.3 ERERBADIAF BABM] . . . . 8
2.4 ERMEBLSZENE .. 8
2.5 RERIFIRINIE . . . . 8
3 AR 9
3.1 MEER ., 9
3.1 BRBE—H] ... 9

312 RO AGEIEREIE - - o o o e 9
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3.2 MBEMTAERAR . . . . 9
3.3 EHZE 10
3.4 f earthUI JEA GER) . . . . . . 10
35 EEMIE . . o o 10
3.6 BEEHIERTE . . . 11
3.7 VRN 11
3.8 HIEBARIREEE . . . . . . 11

3.8.1 FEAETERRME . . . . . . o 12

4 fEERIEK 13
4.1 RERBIRIER . . .. 13
4.2 FMEHBRAREE .. ... 13
4.3 BERERBADIIEE . . . e 13
4.4 RCA FHEMEED . . . . . . . o, 13

5 TGRSR 14
5.1 BIEEBSCHEIZER . 14
5.2 AMEAHTERE 14

6 AEHURE 15
6.1 BEREEAE . . ... 15
6.2 FEBEIBRELSE . .. . 15
6.3 ERMBMEGHEFEES . . ... 15
6.4 FEMISFSEEBLZREITEN . . . . . .. 15
6.5 HRERMANIEIBNZE .. 16

7T SBURE 17
7.1 Alpha (JREZE) . . . . . . 17
7.2 Lambda BUEEFE . . . . 17
7.3 TFamily (5ARHR) . . . . . 17
7.4 Standardize (FEEELL) . . . . . 17
TH FFBRAITR 18
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T7OBEMERE T . . . 18
T8 AREIEMEFE . ... . 18
7.9 EEMEAFRME EVEAZHIE) . . . . 19
TA0 MERERE . . 19
TA1 BETERM . . - o o 19

8 HEAHA 20
81 BEGHESL . .. .. 20
8.2 PAIMMFEEEA TAEE . . L 20

9 #HEaH 21
9.1 Data Preview CERIFEEE) . . . . . . . . 21
9.2 Equation (FFEI) . . . . 21
9.3 Correlation GPHEATE) . . . . . . . o 21
9.4 Summary (FFZE) . . . . e 21
9.5 Coefficients (RELX) . . . . . . . . 21
9.6 Variable Importance (BAEEZME) . . . . . .. 22
9.7 Contributions (EJER) . . . . . . . o 22
9.8 ANOVA (BEESHT) . . . o 22
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9.9 Diagnostics GZHI) . . . . . . . . e 22
9.10 Glmnet Output (Glmnet $iH) . . . . . .. .. ... ... ... ... 22
9.11 Report (FREF) . . . . . 23
10 FHER 24
101 BHBAGL . . . . 24
10.2 CQA BB . o o o o 24
11 RCA ZHEH T 25
11.1 BHRC RCA EEET7HE . . . . 25
112 CQA BB -« o o o o e e e 25
L3 BRHBAGL . . . . 25
12 58 Fik ks 26
12.1 AL REESEIBEEE YL . . . . 26
122 FEEBRTE . . o o o o oo e e 2
12.3 TAEFEMEHEPEREGEGER . . . . . 26
13 TRk 27
13.1 WREE Quarto TAERAE . . . . . . o o o 27
13.2 FBEFRT . 27
133 HERNTS « o o o e 27
14 ¥2 earthUT fybi% 29
14.1 FFEEE 29
14.2 FEEMTHRE . . . 29
4.3 Mg FWE—1E . . . . . . 29
15 ;REIEPH4E « Appraisal__1.csv 30
15.1 BEHH . . o 30
15.2 BMDL .« o o o o 30
15.3 @R FFRWAR 30
16 R4 TR BLAEREHE 7 32
16.1 FIEMIEE . . o 32
16.2 BMAMAIKREL: . . . . . o 32
16.3 BPEHI . . o 32
16.4 THEEFEAR . . . . . 32
16.5 BEREHERR . . . o o 32
1l

1.1 JFE a5
1.1.1 Lasso

Lasso (Least Absolute Shrinkage and Selection Operator > F/NE ¥4 B FEE A ) B
Robert Tibshirani % 1996 4E$EH o EE AR FFER (lasso) MABER—ERE—
Foi BE BB 40 SR S RE BB M AE &R o Tibshirani Z LU B AT > RRAZ T EEN S £
R XOREMMABEE > WHH P —I BB IF 22 > fE T 38 H R Le S SO e 2 v o
Tibshirani FJ RAER A /NI BRI E—8 Ly & HI (penalty > (REABEHMEZHI) o
s g (ridge regression » Hoerl B Kennard > 1970) SRR Lo & HI) F e fEAR 85 ) R4 0 7k
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WEAEE B2 AR > Ly SHEAEN MG > HP 2 REIETFERE -
Bt —fE IER L (regularization) J5ik > W& —FEsHORIR L -

B8 Lasso

1.1.2 50 B B s 4B 4%

a0 EF (ridge regression) [ Arthur Hoerl B Robert Kennard j# 1970 4E4& H o ‘B2
Ly &R (RO ZM) » e ek BT A R 8 > B0 T s st Or B 7EAS R v o 3 FR I 4
W AATEAHBANE (ZEILGME) I R RAR HE AR o

P Ag4%  (elastic net) Fy Hui Zou i Trevor Hastie A 2005 4E32HS » ‘B3 Wi fd 5 HIj 45 &L
Koo BAZE o PERIRAEECLL © o = 1 24l Lasso > a = 0 Z&li4e 0 5 > 4\ i A0 BUE R
PR TR - MR IR T Lasso —E{RER © & FEIN S80S EEAHBARE > Lasso A1 H i
R L o — (] T 2% L > T S A A% B SR B %) TR S OB A R R -

1.1.3 glmnet &

R EZff glmnet B FFhKELH) Jerome Friedman ~ Trevor Hastie B Robert Tibshirani Bf#§ o
"B {5 P 4L 185 2 BB A R B ARV (gemeralized linear model © GLM) B ff
S A4 E HIME (Friedman, Hastie, and Tibshirani 2010) > HA% X R 2] Cox F 5 JE i 45 7Y
(Simon et al. 2011) L% 2 MO AR (Tay, Narasimhan, and Hastie 2023) « @44
JEPE gaussian (#¢1E) ~ binomial (ZE# ) ~ poisson K HA GLM ji& -

glmnet H)F-ERFEALES -

o WFHLEMR © — s G A fE(H lambda 4945 RS AR > FL7EFE lambda 4571
BAEIEL -

o AENEFH (cross-validation) : cv.glmnet () il k F832 XSS H B HH S R0 1E B b5k
B o

o BB IR EEREEE LR TFER FFRLAHR) -

o FXih lasso (relaxed lasso) : 7E3E A b 5 g b DLk 55 1) &) B B 5 4 A5 &) B J1 8 36 & A
R PIgIMRRR

1.1.4 % MARS (earth) fil GAM (mgcv) IR

carth JEHI K ARSI BA (elmnet B2 mgev) i AR MBS % o AL T EM
MR

Hik glmnet (FEPEAEZE) earth (MARS) mgcv (GAM)
BERIRE Y A GEFIERME) sBAEE (BEER | CFIEIESEM (SRR
%) %)
JEsk: BRI HIHEE | EETEREBESE | ZR TR AEE
JEC oK1 R B B PSSR A B ER | Bl (AR - SRR
%)
b e Wt > Z8H Ly &1 Wt &mim /& | A KlEE
(Lasso) M SRS GCV We4E (select=TRUE)
&8y
A HIA MR YRR (N | ERSEEREERE | RERETEIE (teO
fFRE) (W] f e > Heie 3 BE) ti())
A iRk RN ERER > & | g MRS EUR R B | BRI RAE R 47
I8 55 i w5 B AR R JEH EHE
it F AR S BHURE - HERRAIERMEER | SR IEARERIR
UNEZN HAEH G AR
RCA 5% A AR K g RIS BAE | BHRSER A ER
A 3 #»
i e e il 22 N B e 258 R ) iy GCV &8y REML/GCV “Fig£
lambda Lgny
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MARS (Multivariate Adaptive Regression Splines > 2 7T [ 4 8 54615 ) B Jerome Fried-
man A 1991 4F42H o BIEEAE ER b B 5 SRR R B max (0, — k) K HL Al BE B Ak A
W BOARTERAY o H R E{EZ Stephen Milborrow #i%5 ) earth £} « MARS HJJE JE 7L

T BT R R R AL i AR

GAM (Generalized Additive Models » FEZ Al Ai%!) B Hastie B Tibshirani 7 1990 4F
IERXAES o H R EAE mgev {1 Simon Wood #RE - $24I1L4 5 B)-Fig B (%8 REML 5
GCV) B &1 B BFRR g o GAM A= 1115 1 550 il AR i 4 S AL R RE o 3 earthUT HE[ 25
PLEFE H 2] mgevUI B > earth 73 A Ei B /EZ GAM P TEARELRES > T MARS A
7 EH B BN EL GAM B fh RS A HEAR o

1.1.5 ki) LIERA
BN A EEE (real estate appraisal) DK HADTE ZE 0T f#fE ~ n SRR A ELUER

L. §¢ earthUI AF > 3 ER o B B4 0 ~ JEARVEBIRBLAZ HARH © earth HH BYZEIR
PR IR o RBRESR IR )5 T 5%

2. i mgevUIL JnLLAAAL » 4 2R £ 7 A5 2 57 39 (0 4R 2008 © 48 earthUT 1 £ 25 BE A
mgevUI » BVATAE 73 B AR AR P IE 8 PR 3 - i A 2 o

3. ] glmnetUT » 3 7 2/ BRI SO % (Lasso) ~ THHI A BOMR Bl s R Bl
AR S8 A 2R AR IERIE ~ FER R i A AR VAR I -

1.2 fER glmnetUI ?

glmnetUI & R 555 glmnet EFMEFEAH H & /-1 (graphical user interface) o ‘B LIANH# Shiny
JEARERIE AR T—ERTEA ~ EFRe - WRARS o 848 R hREIE > BAZRE
(CSV 2% Excel) » B EmiR » SR7% BB HUE T HES -

7 E i RRAE > glmnetUL A P — {8 B8 2 5 B4 B AE % 58 1k 48 4% 1% 5 B A% 4H bl
earthUl £{f— %45 > il earthUI: :launch_glmnet () X&) o MEHFE R AR H—DI AT
M) — Yl ——G s 5 A B SRR EE T R E 154 o 8% 0 (earth ~ glmnet ~ mgev)
e — LA ~ 7 —E s R R LR R — & Rl kit

W2 e AR AR T e TAR RS « BRIEA ~ B 3GRE ~ HAES - DiE - SBEE
P~ BRI TR > DA F#ER) Word ~ PDF g, HTML A& #i 2 o

SRR IR SR AL A T WA IE R bRl

o BB (alpha = 0) : HICHIEFTA R B 200 © 3 18R 7% T A S B AR B IR I R
i o

o Lasso 55 (alpha = 1) : W DHERBOIA BRI 7% > 181 BT B Bh At ot 4% - 2k
AR B3R ~ X 5 f R

o FRPEAAZE (0 < alpha < 1) : WFEMERRA o % THESE B FMBARMRA H

1.3 =F gt

M8 glmnetUl HEHA —H Purpose (Fi&) » FER T HEREE 8 1 & > Project (%
%)) o HHTHEMN A B E R THANTcE e BB 87 s — T TE > sk
PR —H A S SR - Zfss

o General GEH) —8 BT RERY ) BEAS B 20 A T A 4 20 B o 18 R TH B o
IR AL SR 1 IE B bl B TARIRAR > A ST eI =5 FH B B nTh gk o

« For Appraisal (HiAkiE) B BN E R S TS A A% B o WA T 81
A EMAEA DR > AR EER R ~ FrERM LTS E DL IE LR TE (Residual
Constraint Approach » RCA) o

« Market Area Analysis (7351355 #7) Ry T 4 TR SR 0 Bt B T 405 1) 5 A A 2l
5B o 90T oA BE R TG R AR A B E R D AE o Ol T SRR HERRAR R 2] -
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TEiE =T o O ] 2 52 2 AH R

IR RAEE S —(HR A4 (glmnet) 15

R o FHRBEE H P i RSB I T BRI TR A -

1.4 AEEHHIRE

H %42 For Appraisal 5f, Market Area Analysis I > glmnetUI & B # T & A 8 E o4
BeaET T RE -

o R IRMA L8 2

$R ¢ General FIRAEE F R (AT R4

{18 T I S AT AT DIAZE RE — B 4R R A 4 > )4 contract_date -
dom ~ concessions - latitude » longitude ~ living_area » lot_size - actual_age
effective_age ~ area ~ site_dimensions B{ display_only ° & 48 & 12 il 5% # 76 B¢
£ Sy A AR ) B PR 3

%ﬁﬁﬂ%—%ﬁ?ﬁ%ﬁ%ﬁ@i@ﬁ%ﬁ@ﬁ BYPURE R A B /INEOR 12 3 47 > LIRS 1k e

Sale Age Hil (AZHERE) TS € A contract_date HIRfL T Effective Date
(ffE2E%EH ) I > glmnetUT gatH—18 sale_age Ml (i3 HIEELHE H Z B RE)
M B AR A AR 75 TEII s o

RCA FHo (ERRASEREK) TEMGEIEAT > BEAHRIZ % glmnetUT wf DLt 5582
#Rik (RCA) Sty > 15 8 W] EL 2 B B ~ 3¢/ Bl 4 - DR (BRI
AR AL A

B B TRECREE o Al (E R G

AR R AT EREA LGN T — LI ThRE -

1.5 Pug bF
iR glmnetUT 2555
1. £ R %% earthUI : install.packages("earthUI") ——glmnet % & B & 7E

© =N

9.

. f& earthUI [EA GEH)

Ao (8 7 BH 3 i R 3 i o > 2 AR HH earthUT — 2 H Y Tnstalling earthUI and
vProlog ] °)

. EERFER - 7E R 4T earthUI: :launch_glmnet () o JE F 2 = & 70 G A0 48 B 15

e P DU B 7879 BB o £t T DIYERI BE4S T BLIERE http://localhost: 7879 o J&
FRE A e Rn AR AR b U A sl B B i

- FERDEMSE 1 E LR R - HEBUE RS TR (K 0/ & 8K 1)

Je FLUT N/ i R A o HARAFAE L I regProj AR H BT o BRIk ok JE AT A2 53X
earthUL 1 mgevUI LA » BARC—EEA A ARHHZ > DRy 75 2 -

- FEHS 2 ERREAEOR > SR AT S i A BB A P g AR —H CSV 5 Excel F%€ o UM

WAL G R M5 > B Refresh (EEFTEH) RIAH) HIE A -

5 3 B SURTAEHE A —fA earthUI £52R .rds K% > LU
I earth [RSEERE I R BUR glmnet AIIERMLAS S AT - 514 earthUL &R > "IBkifitt
‘/5‘ o

- ORI H AR RO T S R BOE BRI ~ THOIAR SR o AR E AR TR

L o

XE glmnet 28 alpha ~ lambda ~ family ~ #9540 ~ 28 B.IE & HAhi#IE -
BEABA—RE [Fit Glmnet Model | (# 4 Glmnet #£8Y) » W0 YE 3 HbR g 4s ) -
A TR R T HA Excel » @A Quarto #ilh > 80 (TEAREBT) 6
RCA JH% (g B4 g 4% (Sales Comparison Grid) o

BE & H B kLB B A A A7 22 b o SRR S ERTROA R — R AR ZE IR T -
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2 MLS # ABRHEER

ST Bl il (E B T 85 0A TARVRAR > SRRV A BRHE 2K A 2 B TR ES (Multiple Listing
Service » MLS) i HiFE % o AN BEaft B TR RS S 45 A L 2% glmnetUT wT LU T AR (L <

2.1 g% IR
glmnetUI $32 CSV i Excel (.x1sx > .x1s) % AR > B4 & BB snake_case

Price| 4% sale_price - WRIBLALAELR 1 HElEl TAFR 1 B i S —SLhE - HEABFHE

1) CSV S HRFPHALMECHE B MR B DSE. (85055 3 3 [ Locale & Regional Settings ) -
MR P T R > 95— AR - B - RS L

LS R -

2.2 fH AR

HEAR almnetUT 37 LIS SFERE— AU GE - 1058 R0 5 B CARDEREA LA BL T 4 M S 2

Sale Price (o ff  (HEE&ES) | AU R HESE
i)

Contract Date (& | contract_date HA#IH sale_age (FEFLUEHAIKE)
#1H )
Listing Date (3} listing_date | fE¥ A DOM il » BL& %) H W —itE52 DOM
L H 38)
Days on Market dom FET KRB 5 R E &5 R
(FETT R#)
Concessions (3% | concessions FEAZTER] 5 BN E = WA EN — R
A
Living Area (SF) living_area RO B3 T R 87 (residual_sf ~ cqa_sf)
(RAFmRE)

Lot Size (F:Him lot_size JL b T A A

i)

Site Dimensions site dimensionsHIE Hi i b A —4H
(FEH R )

Latitude (4ZJF) latitude S TWNETIEN L DA
Longitude (%8J¥) | longitude Pu¥eEH A F) N ELE 3 ]
Area ID (JEIk4R | area TG I, / 1 B i
%)

Actual Age (B | actual_age REERNE R

E )

Effective Age (5 | effective_age AENENIARZEE
=)

Address (Hihl) display_only | HE/RFARE &SRS 5 AT

SRS 4T DU FISNE—— k) AR BB - A T i R B AEH M
FRPRIEID - BRI Y > SFTA I B4 AT h SLAEm BT « B D% CREMR ) el
i o

S I AT ALY © ghmnetUL 7 £ 17 90— 0 36— 100 > ARRER0 I REAR EL4 0
W = D » BRI N > e T M AR » SREUEERELALL A
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1. Sale Age (BAZHFIE) ——AXIAE HIHERAL S/ A 2 18 H 2 [ R 8« 2 F 5 47
BE R RS JEE S R U HREIE 5 AEMIIE 0 sale_age YEANFTHCAE (EAS IRpAE AR EAZ O
fER »

2. Living Area (JE{EHfE) — W ¥ #ifE 4 [Living Sqft ] ~ TGLA ] (gross living area >
MR % o BRBSHEEN X —EERERF -

3. Total Bath Count (f§544%0) EE UG Z—F  RENMNGZ =ZEHERAE
o il > ERMIEIN—EPERTT R 2.5

4. Garage Bays (Hifi#}) 5{ Garage Area (BiJfHif§) — 5 /i {5 o (i B 5 o A o
faf o

5. Lot Size (FEMif%) AEER IR > 85 DOP T SR eI

6. Longitude () » Latitude (%) > DIk (35F) Area ID ([EIHARTR) o 8 L4001 E
SEHCA B R SR R R (EAR SR o

2.3 FRIRMALAY 2 1E A

glmnetUT 32384 5k 4 il +5 & 11 JEAM 44 AR AR NOL o 76 MLS [ SR - 0T LIPS R i 4445
BASETE N EAEBEGRE R (58 6 3) PI8E T IEMEMFERELA] -

Bl > Ay MLS wf et e fE Ak B % [GLA) ~ [Living SqFt)] ~ [liv_area| &
[gross_living area] o fEAZf% (B4 % snake case) > #IUFEHE Special (F¢5k) T4
AP ERE E S 1living_area o MBMHRH LG AR > glmnet UL #gr B 2KF A4
T B RS2

2.4 BRmER RN

o WA (NA) : (T TE I S O Bl H AT & NA &R S fese & ai H B 5I6% -

o HIIM : £545 2 H SR o FE E A RS € B BT o EORRE] 4 (IAEAIE > B
etk 2 PLAEAG IFRT

o BMEMR OB EAG ~ SRAETERE - SR TIAE SR SE AR AL E R BUE o IR MLS [E H
FRE RS A5 A R M SE s TR0 BRAFSE (il T$350,000) & [350.000,00)) » A fE AR EETE
ME A SCAT T -

o KT - XF ~ TRUE/FALSE HA1 R K- [ B 4288 51 s s s 3 1000 B U RE
CMEAER T o TBAE R (50 85 - T =X T il B B 1) A fE 8 A) i H Factor
(HT) BB BRI A €8 R T 5 glmnetUT 48 A5 € A 35 s (8 04 R (2 %65 128 4 17 EL 2 4 )
S5 > AR bath_count f2AH A e HICB (L TR 48 UM PR 548 © Special £4 (0 B 75 1E
Fy K TR o

PR ¢ BRI TS B T NA —1 o SR AR 2 AR LT RE S BORR BRI BN FR -
LA BB HERR R NA AL > SUERE AR ELEOR) -

2.5 FERIH) B E

7t Appraisal (f§fH) #8581 SRS EIRER o HARS IR AT HRAS =01 - #ERYS)
NS EBRBES - BEa 8% - BAUE AR I B L TR -

7E Market Area Analysis (GRS T) BT > ERIESS 1 AR -

7 General CGEH]) BT EARREERSEMH—r A &R — R -
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3 AR

3.1 Ak

FUE) glmnetUI Ry FHE AR AT 2B (General Purpose) #3 o B EM ERHE— A
AN R ——fe fit S R A SR A A B AR RAR o FT DUE glmnetUT ATARHEL R ~ 4
BT ~ TAEDIGE - AL i ]

TEE AT » A Emg R AR E S I CRRERRGL ~ SCIRFEE ~ FRAEICEE ~ RCA) ©
BACRRE - BN S EORE - ZWECE - BAREES BLIE D

3.1.1 B4

BH RCE I 25 v B 8% - (S T AR & i 38— Skip first row (BEBHE—51) HZHUOTHE - 4
AL 0 O 1 B A S BRI S o B 1 IS RN R B R A Y s 2 B (0 -
—EIARA A o FEMERGUT 0 28 151 (RFEERRD) 16 A Bk -

3.1.2 R N7 RE

BOE (TS BOE IS - A2 RHIA) G4 AR 2R U AR AL S 4 B GEAE - A
A~ AEEATTIEGEZ O SRR E EAYE - A RE

3.2 IS LA

35 MR 4 AR % ~ T USCE /N AL > SR AR — E B W TR Y o 28U LTEBA K
PR REA B Hoh 4R B R AR AR o i H R A 0 R o A B e A
— I8 BB A R AR L

1. Project (#H%) gL PR 2 - R E M TAE B (BE M/ 4
Be o~ Tir) RHEMA (<os>_in/) FllH BRI o HEFENTEILTEN] regProj IHT (FHEK
~/regProj » W] ] REGPROJ_ROOT FRIB& A ) » A B bk E X earthUI 1 mgevUI 3k
H o K= F PR ET DU - B Close Project (BHPASEZE) HIW Pk o

2. Import Data ([ AE¥}) ARl R v B 2 1y i A R AR s 4 — 1 CSV Bk Excel
RES o 1% Finder / fERAEHRE ZMAZERIK > R15BI3E Refresh (FEHEHM) 5 HE
1 o RS2 TAERR Excel 8% > & HB TAERERS o A4S H IR snake_case

3. Import from earthUI (fif earthUI [ A > %) —— [ A—1f earthUI &% .rds
B2 > DUEHE earth [0 5% K R BB glmnet [ PEAAAS E RIS & 08 H o BB 41 AR X
BAEE 2 iR SR IR — B o WP BRI — I A T AR earthUI &5 > W LIBkE -

4. Variable Configuration (B 8EE) —— H IS HURIEL > 5 Include (A A) ~ Factor
() F1 Force (BRHIPRE) BT YR THIRIS 8% > DIK Sign (F79%) THIsNUBEEL o Special
(FFik) ——HRTEE G4 B ~ RS — R TEAGEBE T TR E - s 6 3 o

5. glmnet Call Parameters (glmnet FEI228) 2R R E ¢ alpha ~ lambda,
family ~ standardize ~ £ 5% ) W ~ FZoth lasso~ PEAMEFE 7~ X B IHJERE > DL KRER 2 8
(lambda.min.ratio ~ nlambda ~ CV {85 B & ~ WHEIE ~ HARBARE - #KIE) - RS
BHERETHE -

6. Fit Glmnet Model (¥¢f Glmnet %) ——PUTHERIHHRER o 45 R & BURTEL IR
BESE -

7. Download Output (F#iH) TETEREME ~ 7875 ~ CQA 43 BURNIZ 5 BOS IRKEE H 7%
Excel #§%¢ > fEABEZMHH ERIR o« BBIEES 1% - TEIrA BB T -

8. Calculate RCA Adjustments & Download (F1% RCA if#{E &) —AH
BT LE SR Bt A s B ) RCA JH%(E - 1018 CQA WHHAR IR EEZE o (EFEAh (E B i i
KT BEZEHB - GERE 11 3o
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9. Generate Sales Grid & Download (FE4: 85 L FA8 W F#k) — a4 R
’%Hﬁ%‘;?@l‘%  WEBTEEE A L IR OIPET o AT ~ 5T RCA sR(E 212
Bloo GEREE 12 F o

10. Generate Quarto Report (FE4: Quarto #ify) —E—EH EH) Quarto (.qmd)
Wt —— S 2R BB RAS—— 5 AR H B K o BB SRRV AT A -

11. Convert Quarto Report (i Quarto #4y) JUEAN qnd A ALEEE A
HTML ~ Word &}, PDF o PDF FFE 24 LaTeX ; ZRMEHIF] - HIFEHE, PDF %IH - 5E RS 13
=

FET S BE T - EERRAS (A S BRar B - IR /N 0 A S A I B

3.3 H%

glmnetUT # TAEAL 4% % L regProj MRE R T H) HZE (earthUI B mgevUT i A i 2 7]
—HRH 8 o SEHERIEE —H A GR P (<os>_in) FIFE| 2] 45 i gk A () m
<os>_out_glmnet) °
TS EE > BRSSP 8 + New... Grgt) > dFRf
o Purpose (Hfi&) General ~ Appraisal 5§, Market Area °
« Location (M%) —HRWBUG / ITBUE K o 75 ZEIE S RS AR IO A 38 132 1) 1)
Ko WA B a7 2 E B R AE B B S —— BB RN/ BR /W BB R
region/département /commune > H AR LA F#E AR / Tk / BT > (RICAEHE
+ Project Name (HZEHFE) —E AR 0 R S YT (R~ ~ _f-) o

JiE R A & R Rk R A A Y 4% R B R TE TN b H B AROR R A Sr H O R
Mo MEH M - FREERTNER K4 B K <country>_<admin level
codes>_<YYYYMMDD-HHMMSS>_<your name> @ — 18 4 & burl ) E R H L s
& us_ca_081_burlin_20260604-131500 burl o 8 =70 PR i FUiE Fl 7 G A S — 4y o
A MEZ A a8 LR BRI > W RO AR R4 > WHREZ2TH -

3.4 7 earthUI [EA (38H)

R ZE 3 fii——Import from earthUI (f§ earthUI A ) —— A iF 78 A —1E earthUI
IR .rds BEZRE - B glmnetUI GEAITE earth AISEBEELIKKE (4 BifPEIH) B glmnet [
SELPE AR 4% IE B &S A e AR > 41 earth Y H B IEARMERR B glmnet YA BURIBRREAI R G =

fEA earthUI %5 51% > BEE) glmnet #EA 12 earth BIRYA T4 8 > 1 A& Include #%
78R > W% glmnet JETE earth (588 s BUR B FHEA R o S 8GRE K G AR Bl E — Bl -
Include B1 Type 88 > earth MR H A0 EIE S OB TE B RL AU BEAS T > W0 — R4 R
BRI S BB K earth 55 o Force B Sign #f earth [ TS 87 vl 4R - K% & M7EHE
B EVERA earth &K pR# o

BB s AR NS 2 RAORE Rty — 3 - W BRE 2B H——F WA carthUI &5 84
Zo HHEBGAE 3 MiEEAL 4 gl .

3.5 FHRSHE
WA A EHAEREEL T H
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S H
Data Preview

(BB THEE)

i \
WA EORHATHES o ZEAGREREIUT - 20 Bl (AR AN 3 BT LU piss ZE 1) 3¢

Equation (75772
=)

P LaTeX/MathJax BURIIBES R R - JR/R R E IR F RIS H
JH -

Correlation (#H
BAYE)

SR 2R T S SO A AR A B (BB 5 T B PT AR AL )

Summary (i
)

PGS (R% - % R? > GR?~CV R? -~ RMSE ~ MAE) B f{E#5 %
(COD ~ PRD ~ i }bxK) -

Coefficients (&

FETREE > MAFTOEGIER -

#)

Variable TAR SR EE (6] x sd(x)) BYRMEE Bk 73 o v F 4% plotly H
Importance (& | BjAIEREH -

BE )

Contributions 5 AR AL ) S A R M B o s (2R TR A s B A i+ S AR > N
(HEI’R) ThHERE > L HIA=HEE / B/ BE e

ANOVA (R | S BEEOME - BEEINE I ~ AGRESE TR E b ~ R % -
BT

Diagnostics (2

i)

PUBEIE - RBERIE - CV itZE - HEERTEIIE - R -

Glmnet Output
(Glmnet #gH)

J e A AL o s P A B B RE 1~ BETMAT B B € B lambda
lambda.min/1se ~ gamma (5 25 lasso) » DL SE 8RB A & -

Report (i)

o B L AL

RCA
Adjustments
(RCA ##)

RCA &t (B > SHHESEMIR) -

3.6 WEMIRTTF

glmnetUT & H B {78 10 5% 8 i 17 20 B B a8 A e it A 22 b > DU AKE BAE B R 518 - I
BTN R — (RS 205 > i s A e E IR ¢ B AR AR UsEE ~ TR U EUT R ~ R
TERAFFSE ~ glmnet S80I R A2 BIEFERE o by fl A ) A g ot e 3 17 > 3107 8 R ) g
FARRREE R o A =H g ] gl
 Use last settings for input file (ff f#%# AR R LK E) —2 7 R g 26k
TR E
+ Use default settings (fifi ] 7Ha#E) R fF A TE R
« glmnet defaults (glmnet FEE{E) ——HE 3% A H R TER(E (alpha = 1 ~ CV lambda.1se ~
10 48 ~ gaussian ~ i RUEE#E(L)

Save current as default (i§H s EGATERY) HZE AT B A 250 € ff 17 A2 1 TE
B

3.7 A

Rt LA ASE/ KGR > BVATER 6B RO T2 DI o R G e A 17 22
rp o B TARRYBefREF o I TR (M ~ BT ~ RR - Hdl) #EnZil CSS S um iy
A o

3.8 Hhm B A

glmnet UL 32 i 5 i B 58 1) M TR 3% 5 2% 498 52 1% 45 B Y 7 B CSV g XA 1) - AR RE S wp iY
Settings (#%E) THizUEEERMEW I 31 (HXEE KM Country (%) ¥ Paper (i)
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EEFEAS o BETHBEBUE
o CSV ZREfFS—kR / KW/ HARME () BNZBEEREA%E ) KRR

LA AN
o /NEEGTHT—RR () BUESE () -

TAL AT IE—IZ % (B / e / BHA) ~ ARG (P8R / KR / UIE) ~ 224% (55
B/ LB W/ PR R /ST / RAR) o Bt (Bt o
o ARERRF——Letter (R / MEK/ S B A4 (HAPrAHE) -

3.8.1 (7 HGRAA

B Save as my default (fFRFRMNTHRRE) - Rl 2GR M BUE R I © 5 2L TR
HEI S A AR BT AT A RE B > fiesm SRR R %€

P ¢ [E T AR AR R AT LA B A B B I R R BOE o PERE I T A B E T AL
PR (200.000) > X R Ze#% (200 000) > FatFHHSE (200°000) o A BE AT 0] £ W4 sy ——
glmnetUI BL¥ R SERT o
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4 AHERGR

HBIE Purpose # 7% For Appraisal (FiiMbE) B glmnetUT & ¢4 3% 8 — R 8 i (T
HERBE © 4 3 Tl 258 AR T 5 s Hi b EAE s A A % -

4.1 FEAF R B

TEfE R - BRHMERSE 1 5IBIG(EERR - HAeR& 58T LLiss 226 o BRitiim AR 2278
BILAHAE (2R 2 7)) o BRI A EAS AT LR 28 B 3EAE B (A ——glmnet UT YE#EG e A B)
B EIE NA EHE o

WE A2 1% > Data Preview 4} H &4 A Riuk4 : Subject Property ({H{EAER) > %5 1 41) Bd
Comparable Sales (WL RM > 55 2 FIKLIAE) o 5 1 FIRERASEERES - A%
A% > WERUAT i ) AR TEIRIE

4.2 L H AR IR

FERE BTG - SHE0E/ NI & B8 Effective Date (f{HE¥EH) WAL (FHE:
RERHW) » WEREAE Special ] T Hi 308 B URATE E 7% contract_date > glmnetUL i
At sale_age #H——RI4 s HY-& 40 H I B ILHE H 22 [ A B BOR B - A VR T
A RO AR -

WHEHE H AL > sale_age W HBIE M

4.3 FRERIRALEE

FEA EETTIGHT o Sl & b E T s kR g 1H 3 —{F Special (FFpE) Fhisises o
FRRRR R R HAE I SE 8 255 RLAE 6 3 o

4.4 RCA JHpss

Calculate RCA Adjustments & Download (1% RCA $H3{EI N et (fEME
8 i > TEAMTEEL T X T & 218 ) & 2 B0 W] Lb S8 B 5 SR S A BE %) 94) T S 41 2 o
fi o SE#EM RCA TAERMB RS 11 % -

fn I TARIE CQA )W E T B SE M7 A 2 K L B 8 AR o 23808 5.00 I > £
AR 45 7T EL 51 ) PP AL SO
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5 TG

R0 Purpose # % Market Area Analysis (B IEB M) I > glmnetUT 2k B fif (& 45
AMFE R AEEHREHIIEE FFRBNL ~ BASHEEE ~ JEIZEEUCE) - (HEBUa & — 4 A B E > 1
JER B — AR -

5.1 BASMERKHIER

o PEMIFEH S RS —E N ST 0 B 1 S e B B E A EARR -
o RAHEHEFEK—— [Calculate RCA Adjustments & Download | (3 8 #i) FEE{ET
BT o S RIE DB (58 9 &) (ERRANER -

5.2 ] IRpfiE F T35 AR
FE LU T ETE T G 3R A i G s A X

o T HEAEE RS BT R e S B > DLT R (BB Y (R R

o OIMTIIRE ~ R ~ AR B A S ] B A A Bl ) SRS (A

o Ry TGRS M A 0 A S T A A

o JERBLGLAEEORMER o TR ERFIRROI DA ORSSIRFEE ~ JEAZHUES) > (HATRE RCA g%
TAERAR

R EIEH TR AR EATE RCA JHRE TARRARRE - i s RROE AR — ek i A
B B AT o
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6 ABUEE

MRS 4 fli——Variable Configuration (B8{EiE) — & FORIBMRLLAN (] 2 BRI D)
T ] g FE P R L

6.1 HiEs

% 4 fiTHHLH) Target (response) variable (HAZ / 7 E&fs) FhizUE R HERHEFR
M0 o FEREIE R R SO R (BN A (RS ) o RS & 5 Bh A TR A s B P PR o
6.2 THMZEHE

TE B SSUsRIRa N7 > A RES B H RS > B LLIINL

AL Al

Variable (%#{) Wi 44

Type (HHI) FERIR A N Hi 8 H - numeric ~ integer ~ character »
Date » POSIXct

Include (4#4A) IR T7 Y —— A% 1 2 TR 3 B Ay AR

Factor ([X¥) BHUT P—— % B VR R TR B (TR e e e
JEAE FiE BaR A )

Force (BB BOTO S B AR CRNET = 0> AR
lasso S5)

Special ($§5%) ThizURE (EAE / W) —2 1T SCRER
(hELKIE =5

Sign (fF3%) TN REAFHE © IE ~ EU R

NAs IR

6.3 ERHA AR B B 5

glmnetUT 7E [ A ¢ & H B (680 Z0oR 51 > B 405800 BB 2y ~ B M H B BB oL - & e 2R
BHYPIN T T (FFEH R E ) grhkigzy Date -

AT LUE MBI Type 42t B AR S AT T el 45 51 o B0 502 1) 2 3 28 s A 72 2 4 .
H AR S 77 =X o

X7~ TRUE/FALSE HF0 R K716 & B B4 800 5 SR 3 o B i LA e 72 it
Factor %HUJ7 PRIRE A € 8 i I F——glmnet UT 48 A~ & AR 18 S5018 1) {1 4607 8 4 o L s o 1)
B R R B S AR BB TR B R IR R N AT o B RIIRFRELAE o Factor 5EE
i localStorage FFERLF ©

6.4 FEIIRTIR A KA
$HgE T A28 0 Sign R R B RS € BTEIIHAREONIE ~ RAEBEEASRT M - A Z
% :

o PRI BLTEAAF R B e TEAR R R T H 2R

o fFURE/NE BURYE Summary 4 E

H glmnet 28t (3% 7 &) P RAH T Enforce Sign Constraints (Jifi J{F 5540 %) #ZH
T BRI > AL g g o ] A AR B TEHAAT 3R — SR K © 5525 glunet H11H) upper.limits B

lower.limits Efﬁlﬁ’ﬂ °
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6.5 FRERHAALE I 2%
TEAGE BT 50T » Special T H; A8 B L DL T #EIH -
Weighting (Jiif) :

o weight —BIHEREM (rABRTYWH ; RAFRE M BER 0 WERIIAZ
HLEES)

Date & Time Types (HHASLE:REIAEF]) ¢

e contract_date il Bt (P I ME H B 85155 sale_age
» listing_date TERT AR T R BURHE 2 i T AR IR

dom ke T K# (Days on Market) 1
sale_age FE 8 —H CA P R FER > 8 BRATAT — 17 T LA 7S AS IR EE > TG AN
i# olmnetUI 1 contract_date f%&
Monetary Types (£#HIR]) :
« concessions —— Ak HA (BT RIAN ~ BTN
Transaction Types (& ZHH]) :
e sale_type — E 0 R A i YL
Size & Location Types ([Ef&E¥NERIF]) :
latitude ﬁfﬁﬁ@@%ﬂ]\ﬂd\ﬁgmé 3 fiL
longitude B AR B AR [ 118 HDORE i 1
area T 355 1 Sk i R sk RS (94 areaid ~ neighborhood ~ market_area)
living_area ORIV 5 B RTINS RT3 (residual _sf Bl cqa_sf)
lot_size ——JEHTAI AL
site_dimensions B RS B 40 (f)dm T75x120 )

Age Types (RRHEA) -

ANBYEE ) = B A
P ERA R R R

Display Types ({EHRAEJ])

e display_only S E Excel MEMATRY - (HEEABEBRIBES - 7T AR
HohEREAL ~ MLS Ro% ~ SR HAR S % Bk » ATLUA SR A LT E -

e actual_age
o effective_age

PR BHEER display_only FIBAGLGOR B 7E LORME H Il M BRAE Ewcel WE A5 RAL > HSERA
HEAFEIR S o AT AR ID M - Mk s HAD S 6L -
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7T BYORKE

MRS 5 f#i——glmnet Call Parameters (glmnet W] 228) PEALTR M A AR AR Y
VR EE B o HES S —EEARPIER (7) 0 RS TEREY -

7.1 Alpha (R&ZH)
alpha S8 i IE HI(L R AEZY -

Alpha HUE $ 2 75
0 vl R T AR BAE
EEMRBERSZE
1 Lasso A LUERECE BIa i hE (5
pigsse )
021 SV A% AR BB lasso PIRA
A Wit alpha B35 -

+ Fixed (%) —Z@IHRSIER — alpha {6 (FHik : 1.0)
« Grid Search (#gf&{#=) HFAZAE alpha {H > EH CV @2/ NARE - A8
N {5 B I I S -

7.2 Lambda [{%&#2
lambda 2 IE B AL FA 58 B

7 i L
X Bt e o A k 8 CV I L8 lambda {H °
FE) HEA T B o AT AT E R lambda {H

1 22 X Epas iy > A RfE lambda B -

« lambda.lse (FH@) ——fEf/IME—EAEREGREEE N AR K lambda » A B R ~ IE
AL RA AR o A TARHERE A -
o lambda.min ——ffi 5 XER# R 22 5/ NI lambda o EEAESES F i (] BE AR AR -

Number of CV Folds (CV f5¥#) S8z S mas iy Eopt #1277 30 (FHEE - 10 $8) -

7.3 Family (43-Afj%)
oy SR ) I R 5 OISR A% AT T

G i i E Y

gaussian R E (0 E) o B o
binomial IR (FlINEE / KE) o
poisson  FIECERL (FIA0HAER)

7.4 Standardize (1E#E{b)

B (TR o A THIN S SO G B A0 & A R T2 B 0 ~ BEESE 1 o SRR S RSB T AT
TSR AR > ARG REERBE o (R Ia R o 3% IEORFRPARL
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7.5 FEHRAIR

RiUH Enforce Sign Constraints 1% » (REUE A M BEHE (5 6 7)) PiE TN I%
—F

o Ipositive] (IE) FFo%sshlERE > 0
e Inegative| (B) FFHE5RHIHRE <0
o %A leither ] CRFR) MU ZAIR

Bi5 i glmnet () HHY upper.limits B lower.limits SEEIN -

7.6 it Lasso
R lasso 55 BOSE FE RN AR SO 65 AT 5] — 108 51 1) > 348 7T BE 4T B R o8 B A B % - Rt
lasso (relaxed lasso) IiEMiA44 B :

L 5 > B3 lasso BEFRAEM (&1 e MRS R AT LAORBE)
2. IRAR > BHORTE AN S S LS /N B s R EORTRE £ 0 A5 B (R RN A R

Gamma JEHR-PEH R TR -

Gamma R
0 seafzu (OLS HHES » waEAERA)
1 AEFZ M (B glmnet AH[F])

ST FERRMAEE G B R B A AT R

TERE 2 BRI > gamma B H BN DU AHRAER BT -

7.7 BEBERET

Random seed (BEMFET) X7 RTHIL T —(EBEMEE S - FH (22 LB i 8 4 e v] BB
—HEA TP set.seed) » ir HIFE & B/RYE Glmnet Output 43 B DL K BEA R BEFIUE
oo BIREEA 2B BB EA AT RGREH > MIE R RBLEEAS) - HEESR
SRR 5 EfEF-gr DUnT B A e a0 o AP ] 5 AT R T g
54

o

7.8 A HIAFER
—fIE AT L5 P b = R e R AR R LE SR O 2 TR e R AR A HAE A o AR A — A
RO P——5 8RR A A x1:x2 FHAN ARARLFRRE -

o Allow ANl (ZHRAFF) ——Bli i A 58 LA
o Clear All (Z#RiERR) U 2 328 A S O O 2R Y TR A
o BRI —UIRE S M P A RS IR

52 HLIE IR AZ i ARE 2200 B A7 B B B &% localStorage » MEAERRELHTHUA Rl —HE Z2RpE

FEATRA B )

o

G

HERAH TR HIE > RGeS i Enabled Interactions (2R
HIE) SERE (R A A A TR S 8 > A x1:x2 TRREIAZ JEFTA)) » DI B 23 0 H
earthUI ] Allowed Interactions %E[HAH¥}E - 5571 > lasso 4] GEFEAE S BUH TR HUk

e EIHHEER DN > lasso & HBIEAH LN L HIEEE - ol [ Allow All) A > il
R AR A EA S -
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RO glmnet 22 B YA A AE 15 2 SAEAZ 5 6 Bk LR R AN W A S B2 1 o e DL 52
HIE > WEERGREEL G -

7.9 ZRIBEATIUE (BEMELER)

TEAZ HIAFE R v 36 A8 S e 7 i i > RV A8 1B DA SSORE A By i AR - SR An f e T B
—EHLEEAY T 1) AT o BRIk

w2 B A IR A ER
AP MRTEAZ B (x1:x2)
TR A SR AT f bR 25 1k
2R BB ANE 229538 localStorage H¢4 R A7

— I BT P51 - A R I A BBl T R L 9] 5 A P B [ R R AR > 2K 1L sale_age HEA
TRE > RAHEH living_area AR H. - A sale_age:1iving_area 38 H.IJA »
MARE—E R sale_age REL BY Ry o 94 11 3R B 5 22 TR e A o

7.10 HERESW

glmnet, WM 2 34— B ATCAHY [ Advanced | GERE) /N > B0 —SERHITRE - &1
PR AR TERAG > ABAPAR VT R/, > DUE R A AR 5 #0 RE 2 vk e sk RE A% FE T T AT 8% o
o Lambda Min Ratio 1E A b B 1€ B /N lambda B i K lambda Z b o FEEE :
0.00001  ¥FjA/NERHE  CBURIE <50) » BUBCKAIE (40 0.01) wIRERBIE LT -
e Number of Lambda Values I8 H lambda (B AEEL - TERR{E : 100 -
» CV Loss Metric X B ALK - MSE  (gaussian FJFERR{H) ~ MAE
(HBERF(AREM) B¢ Deviance (ffgz2) °
« Convergence Threshold JEAS R R BB R  TERR(E © 1e-07 o
+ Max Iterations JREAEE T I ) e B AR IR B THRRAE ¢ 100,000 o 5 H BB 4

CIEPN A=
o Fit Intercept — A ESHIE (F#0) IH o THR : BB - ZEf5(E RCA > #REEHD
[FEHEE ) -

7.11 BOETHRAR
AT =B TR AR ZE B 2 T ) 4

o Use last settings for input file ——3& i s PRI A 2205 57 AR DT 6% &

e Use default settings E G 2 TE R E

o glmnet defaults Hk AR E (alpha = 1~ CV lambda.lse ~ 10 #f ~ gaussian »
B R e L)

2% Save current as default > BI04 H §ij £ 586 17 545 141 P A 21l A -
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8 FEAHU

8.1 At

W MIEI 6 Hit14 Fit Glmnet Model (6 Glmnet #%) #41 » Bt B DL H T#03:
EFHAL -

8.2 HEE ML T E
HIRERE Fit B > glmnetUI & :

1.

2.
3.
4.

d.
6.

RAER—AIFR S NA BRI - MR CAE4EE) @ PERIERS (G ERET) -

RAB IR S e —— AR R R T A R > 3 HLIE SRR BT A B AR A HUIE o
A R—EBUH TAFRAHR > B AR #EE upper. limits Bl lower.limits °
AT B —— 8% T CV o QIFENY cv.glmnet () Fk A lambda - R T 5

ith lasso > HIIFENY cv.glmnet (..., relax = TRUE) o

BEA BRI —— R REA I AR ~ (R8 ~ THIRI(EELESZE o

WA &SI H—3H A Summary - Coefficients ~ Equation » Variable Importance
Contributions ~ ANOVA Eid Diagnostics °

Fit %81 F 77 AR RS & BUR B BOR: ~ WedEBRI BRI B Ll R 5E /Y lambda
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9 BT H

9.1 Data Preview (&RITEHE)

VI H B3 DataTable Bi7sHE A MR o 7EAME / i35 > HE D Ry RIR K : Subject

Property (f§{EfEHY > 5% 1 51]) B Comparable Sales (WHLAZZM] > 55 2 5 K LIK) °
RS ARORFR AT R » 0 HCH TR > R T B B SO RO IR B s k) A

FIOERI RS o &0 ME—fEEA TR RS - BURH S - RERBT A -

9.2 Equation (FF2:R)

BURIB MathJax Bl LaTeX MEBISEA BT R o BRAIFERE > L5 AR
HEAR -

o IERMLL + 9E8UR

o BRHLL - SREUR

b if"lﬁ,ﬂﬁﬂ—:\‘ﬁ X1 X X9

o BT TOLEST - AR NI

9.3 Correlation (FHREH:)
— R BRI AR > R R BT A SR YE ) S L S A Y Pearson AHEAREL o BRI E AL
B — SR A B

o RMWE ¥ (1) - A6 (0) - ALE (+1)
o BRIAGELFHE D AT B R B

o DL BEL R RO E A OO A

o ABNINTERES AN 2 B ALARYE

9.4 Summary (§§%)
VIR B R AR B & AT

o R? —lfpmess S L pl
o Adj R® — 7 S BUE R E M R
« GR2 7%% R2 > EH glmnet T{ﬁ%ﬁ‘:j lambda ﬁﬂ/‘]ﬁ%t[ﬁﬁgfﬂj

CV R2 R ERE R (i CV )
RMSE YI iR zE
MAE ST 14 A S 25

FERGE / g > EEBRUT A

« Median Ratio (FHIE / BEEE) A
e COD —tZ# (Coefficient of Dispersion » #{K T )
o PRD —(E#&HHEIE R (Price-Related Differential)

IS R2 B CV R2 3% 0.1 DL EF > SHHBURESETR -
KA T HAE RS E R GRS > B EERMERE T Coeflicients 43 HHIANZ °

9.5 Coefficients ({&#})

—IRI T IR R B -

S,

(B

AT R B S

PR I BT - 14 HAF IR T
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9.6 Variable Importance (588 ;)

PRI AR BCRAR « SRR T MG 3 (8] > sd () [R5 B ) FL Rl A S AR SR 0 = A7
REBRAE

o HEjX plotly (‘Z#7 plotly EFF) « ACHRMME » # BUS B e BURKS R B2
Y~ REURME H L -
o 8 ggplot2 (HAITTZE) « AKFRIKE - EAZEREN T 5 -

B # T 775 —5k DataTable » 7~ Variable ~ Importance » Coefficient i Relative % o

9.7 Contributions (EJEL)
A RS » 7 M 5 TR TN 0 R - 0 T o 5 —

# o
B TR : R x (R ER (8 x ) MR E - B —IRALGAR BRI —
ERERAERE o BRI BUR R B AL AR OB (BN +1,234.56/unit) » $REERE / K REEM
S A AR /IR s - LA B R (0 +0.12/0.001) o BMEEBUREREE (JE4E) fH -
B RESE > RS TR LR A o
BEESPCR I ¢ =0 B S B —— S SRR =M T (TR IR 2 EL B X
plotly » A #HIE persp()) ~ HE Rk (LB A [ - L% 25 e 18 St Sl O {4 B ) 1 289 R 2
o

9.8 ANOVA (% B#H7)

SRR > R B TEI SR

« SS SEJ5 L - (contribution; — contribution;)?

« % of Model SS AR A7 AR 0 bl

¢ Coefficient 7% TE T 2 B0 T IEAR B

%414 —FIREEAI—F) TOTAL MODEL (HUMAH) « LI (AMHa [+ %) fEhH
BB -

9.9 Diagnostics (Z2Hf)

VUNERZ Wi - PR KRRk (GEMETAR 16pt) ~ 15 R AR ZI B > AT A0S CRERHE
RLHR) -

1. BB (Coefficient Path) JRRBERE log(N) ¥EK » BT R ENA stk o i 47405
B o A B BB AR IE R B AE BL A BoR IR AR o

2. CV iz (CV Error) X RS RR NS log(\) MIEE(L - WBL A CV R 1% 5 #R
FEER £1 (AR o BAREEAEH M\ (B) B N (8R6) o

3. EBMEBTFHNNE (Actual vs Predicted) TESL 00 1 AL P00 L P P30T I o OB TR B SR TE 45
FERE 4R S BRI o B E > SR TERR K -

4. BEEBEEA{E (Residuals vs Fitted) PR RS ER R E - RS EAETS (F
) PIRERECE o A BB > BIPRRRI B AR (Bl JE4RE ~ BV B ) -

451 B %54 — 1 Download PNG $4ft > W 150 DPI {45 o

9.10 Glmnet Output (Glmnet §H})

JEAEREA G > BN - T AIBERAE T ~ BT ENER I © % %E ) lambda ~ lambda.min/lambda.1se
gamma (CFRUH TR lasso) » LUK SRR B & o
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9.11 Report ()

B O R AL
Word (.docx)
13 & o

i (LR 7 ~ B EEdhE ~ sl B > RESRARSY) > 0T BL3RAE % 7 EOME HH
g PDF » SZEEHYZEH Quarto AHE TAERAE (HTML » Word 5 PDF) R
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10 FilR

#t& 2% > Download Output (Excel) ('F#k#ii > Excel) #8ft (HIEMZE 7 & > A
AT ) S S a2 G Excel £ 52 HE H B R A HERIE o 5% /NETAE
BEAEAEE B B, & Download Estimated Sale Prices & Residuals | (F &l 5t s (B 4%
HpgsE) > RIS % [Download Estimated Target Variable(s) & Residuals| (N #ifli#t

HARs g R %) -
10.1 i HHARAL

HRAL

est_<target>

B
A FEBENE (HAN est_sale_price)

residual HE — FEINE

cqa W - 5] 51408 (Condition-Quality-Appeal > 0-10 43#)
residual_sf %/ R mME (GFE48E living_area)

cqa_sf R4 residual_sf PEAETHE A CQA

<var>_contribution

A SO TR (BP0 B RR

basis

IR (oA RS )

JRINGE A% > T ECHE b B s B

10.2 CQA 4

CQA 5 — R AR B AR S LS > 4% 0-10 20l g4

« CQA & (~9-10) - BB fEE R THHIE

ROTREIRDL / AHE/ WA ST EEAE

o CQA i (~0-1) : psz s (I PR (H——AR T AE AR DL 2 BB A K& Rk 7>
« CQA ~5: i iy
FEAE / WS » 4R %E T living_area i » FERII @14 residual st IRIKHESTF
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11 RCA FHHEI T

RCA (Residual Constraint Approach > FEEL W) TAERFETE Appraisal (f5{8) B Market
Area Analysis (g T) BT ~ BBERAS 2B o« REAPSEE LR (58 12
) (ERAERL -

11.1 Bt RCA %35 580
PSR SE 8 ffif) Calculate RCA Adjustments & Download %8 - X758 -

o ¥R - CQA = CQA per SF (£ F ¥R CQA) - #i#% [CQA per SF | > 1
)% 2 - e T R A R
o Wi AAERIE CQA 438 (0.00-9.99 > FEEE 5.00)

11.2 CQA 48N+

L #RATHLEFIN CQA BB EE TR T
2. Mg NHEIRERA ER CQA (¥ ER|—{EEE
3. MR = BRTHNE + TR

11.3 #HAL

i g

subject_value WERITEHINE + AP 822
<var>_adjustment R ERR — "R GI R
residual_adjustment = ARAYEEZE — W] LA fHIEEE
net_adjustments JiT A AR TN
gross_adjustments S EAREHEZ
adjusted_sale_price HJ L WA (EAE + HilssH

At R INTR > e b R B A5k
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12 GHER i At

8 LK (Sales Comparison Grid) {7E Appraisal (fifH) #iUT ~ 5H54.58 RCA g%
6 G 8 %) Z&WH - EEELE—mIILH Excel IFH I > o E AR AM BEAUE -

12.1 W] R ks Uy B

MR 9 fifY Generate Sales Grid & Download 41 > & 55 H — 18 58 ) 0] 18 ¥ 55
TrHR > B RCA i th b BB AT LE B AE 24451) © T L 2245110 2 W AL -

« Recommended comps (HEEHIAIILZRGY] > T AE) - BIRBA < BESEKH 25%
A RFEESEY  (RoBFER)

o Other comps (HABATILZRE] » THBAAE) « HERK AT LLR ] > AR EEF -

% Ak 30 fH AT L] - AR1ZHE Generate Sales Grid /LR H T -

12.2 {f H R
BEAERITE H e & 10 B TR > B TAERIPECE 3 [EnT 2 p) -

o FHHAP - AFAY B ET LRI HE ~ BT (EAS ~ s B RAR AR TR B

o SAA AR (R RCRE S R ~ SR CGEMIEAE ~ IR HER (HEE
i~ ARRE) - AR IHE

BARES  REDRE AR S > BURKERERR ~ &0 F 20 SRR LUK R 15 40 b
RIERFFES « 22 HARBUE R FEAAAE > BB ARUOR R AR B (BIAR DL ~
Z -y )

FeRaA - IR LG~ BPRRE o LS AR S AR - S ARG Excel 243K

12.3 TARRIRGESRIERRHEE 11

TR AR 3 A B A OR o LART R (L) R B0 PR I ol A M T ARG P o S A MR T
AELH AR AL Z SR (IR - SCRE DR P 2 OBIR Bl ) ] 4 -
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13 TRk

13.1 Fif¥E: Quarto TAEJifL
RE AR A0 B 1 5 R W RS B Quarto TAEWRAR -
1. Generate Quarto Report (FEH4 Quarto 4 > HIEMEE 10 #i) E—Eg R
Quarto #4541 (.qmd JRIGRE N FEFE ~ report_data.rds Bl reference.docx) B A
ZH glmnet B H ER} K -
2. Convert Quarto Report (it Quarto #i4h > HIZEZMEE 11 &) U .qmd i RiE
o By OB AR I AKX o B E TE BRI B AR B s 60 o (H AR T DL s AR A —
fHl .qmd -

13.2 g
WGOD B oA =R T

« HTML —§ & #) HTML 3 » ZEFr AT 78 LA BEME A > B pandoc SHEF SR
o e RS H TR IH

« Word (.docx) WAL - R ML © FEPAF B XA A -

« PDF — % Quarto fLf LaTeX A o HRR BT 3 E (Letter 5 Ad) - 75
LA LaTeX (S RAKFTRIMER) o HARMEME LaTeX - BT & B B KR
PDF j#£IH o

A Quarto 1] FIRE# A Quarto FEAEM T > HHIE A rmarkdown o Report 43 B 57 /MR $2 {1t
BHEME % Word FIRE H % PDF 4T -

13.3 WA AR
HRBETH S HERNE
BRHESI (R4 ~ BUNS - sl ~ TS - FiR)
BAIEE (alpha ~ lambda ~ family ~ standardize ~ & 75525 ~ IEZRE)
AERAHEE (R? - ¥9% R? - % R? -~ CV R? - RMSE ~ MAE)
R FEA (DL LaTeX 5%)
(3 e

SEECEENE (SR E BLRA)
B Contributions 7y B —Z{ )12 &4 8 = Rk [

— AT ¢ A A R A
— TR HOK ML £
— SREI RS G PR REAE > DU S M PR (persp)
- Enabled Interactions (ELRCIZE HIE) 4R (AU T 100 50 FLIEI:) —— A i Bl s 2
TR MA x1:x2 TROBEZIEIT/A) > LIHEH B f 25
o AR S o
« ANOVA 43
. LW :
— RIERE
YRR
PR TR
— BERHE A
— HE Q-Q JAl
. U
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28

JI AT JRE R A S BEL € R ] {51 o 1) B 2 T O SR ORI RHER REBE)
ety A DA% > Wbt e B A A At SRR e BUR C AR RS o
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14 ¥2 earthUI BjHb#g

carth IR I glmnet 55k PARAH ] 8 — &0 B A TR, - ‘B ML AT A Rt 0~ 4F

FRBNIAL ~ RCA TARFARFI/RSEEORIE » (B0 A R A A5 4% -

14.1 FEER

i glmnetUI earthUI
Tk sEPEAEAE (glmnet) MARS/Earth (earth)
ST Al asso SNIEIBIE | AR / G ED) F BV
7
RETIR AR I PR (SRR
R HIH R HIESEPER A | e 3 B
A
BRBAT IR A3 ) AR5 e ok B R I
Sk ey Al 2 lasso ANE
Alpha #t% A A NEH (RS 25)
S LB A% AR 9 %) A G 8 4)
g RRIIE A3 B A IE AL
AR HTML ~ Word ~ PDF HTML ~ Word ~ PDF
14.2 SEHHIhRE
P TR AR AL -

CSV i Excel [ A > W iEH 228 A snake  case

X% 31 B R HIRBE - & CSV 3 RRAF I ~ /N RT ST BLACR R
FiRMADIFS E (contract_date ~ living area ~ area ~ latitude ~ longitude )
KBS HEH B BT sale_age

W/ B ik

%3 localStorage FH4E(RIEER E

AHEATE R E ~ SRR - HRKE - ANOVA ~ ZEE

CQA #P4r B RCA FH% TAEHFE

AT HL 2 A R AL Excel B HY AR 8588 L 6%

A — MR AR (Appraisal 1.csv)

14.3 fariR% WK —fi

i glmnetUT > @A Z—ERER ~ WTAFRE - A0AE B B A SR AR AR Y I -
SRR 2 T Ay B2 R R P M 5 T B IR LB - SRR AR S o

6 earthUT » & G FEIAA EIEARVERA R (5110 i (5 1A 36 (B4 ) 570 BEAE AN [w] T Aok T[]
AFTANIE ) > BT S ok B 20 38 B (B RORB IR = earth AR 352 AE 2] o6 B8 vy I ) 52 ELAE
(2 BEFN 3 B&) o At > earthUT B4R ft—IHZER Prolog/DCG 1) B R ik BHLII RE -
JE e glmnetUT i A7 3 BT

R > DAFER — 0GR b AR AR Y BR AR AR o 7 B A HH R R A
TR BRI B > W] AR B BRI R Y glmmnet AR o

(§i
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15 R#EiERME © Appraisal 1.csv

15.1 #W
NFERHERE glmnetUT —[m %40 (IEEL earthUT JEH) o W PUT e L

demo_file <- system.file("extdata", "Appraisal_1l.csv", package = "glmnetUI")

i RS 1,502 WA GG 1 FIH 1 S ERR) > BUE — s MLS
HE AR ¢ o BORHMUSR — 8 2 T B 35 h B B B s > RS RO N B A A 2 e B AL
.

fE IR E B R > AH LI — B B AT B & SR - A S i AR R A i

15.2 &HhE

Rk A

weight numeric | weight BHREER (0 = A23HEES)
id numeric | display_only WN#f4c$% ID

property_id numeric | display_only MLS AS#E)Ei% IS
listing_id character | display_only MLS H}#4R 5%

parcel_number | character | display_only NR{LEFIEH15E (APN)
street_address | character = display_only AS#jasHihk

city_name character | display_only ¥

postal_code character | display_only &R 5%

county_name character | display_only %%

contract_date Date contract_date/ XS X HE (it H sale_age)

sale_age numeric | — A # H AR E H B K

sale_price numeric | (EFEEAE) | BECEE—REEE

living_sqft numeric | living_area | #JEfEMHFE (CFAHIER)

beds_total integer | — EINESige

baths_total numeric | — RS (fldn 2.5 = 2 B4 + 1 214
)

lot_size numeric | lot_size MR CEAHER)

area_id integer | area MLS [ a5 5 i

age numeric | actual_age | AEIERER (4)

latitude numeric | latitude R (OABHIPUE T B /NEL BT 3 )

longitude numeric | longitude KR (AT U B A BN G2 3 )

garage_spaces integer | — =R EERDA 4

days_on_market  integer | dom e R

listing_date Date listing_date #}fHHM

sale_concessions numeric | concessions | & &S

15.3 KPR EFinifs

1. @) glmnet %55 : earthUI::launch_glmnet ()

2. #r—E M %%y For Appraisal (8% (5 1 i)

3. 4l Appraisal_1.csv A AFEZEREA BRI > WTEH 2 FihEPE (LERERIEE Re-
fresh)

4. %4 sale_price {E% HAZE 8

5. 4 R 8 A AL R R AL A
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6. WA LI T TEHI%A8] : sale_age ~ living_sqft > baths_total > lot_size » area_id (ff
£ ) ~ age > latitude ~ longitude - garage_spaces

7. &% alpha = 1 (Lasso) @ ffif] CV At lambda.lse

8. B Fit Glmnet Model

9. #fi Summary ~ Coefficients B Diagnostics 73 &

10. THEamH GE 7 %) o it CQA Hi4

11. DI#) ~5.00 ) CQA 8EtH: RCA J#{E (58 8 %)

12. F#EE R T b R fE R s L A% (55 9 &)
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16 FRHLTHRELGEHEDER

16.1 ZEMFH

glmnetUI B £ macOS > Windows Ei Linux L #(f7 o i 20 # 5% {8 B RStudio Desktop
(2023.06 KL ERA) ——E W E A S i pandoc o

16.2 2 AR EM:

e LaTeX (TinyTeX » MiKTeX &} MacTeX) : (A EH PDF #id A RMEHEIF > PDF
BIAE HBIFERE o 7873 tinytex: :install_tinytex()

« sysfonts + showtext : %&£ Roboto Condensed FHY o 2 A0 FH 8% i 7 fk 45 1k
fE > o H BN A ER AR TR -

e earth (> 5.3.0) : (£XEffi ] earthUI [ A B iERTHEE -

16.3 #FE&iH
macOS : [EHED - 228 TinyTeX PLEHA: PDF : tinytex::install_tinytex()

Windows : B RStudio i R4F o 23 F)ACEE S BR 32 BRI 25 7T Re S 17 H s A PR il ——
JEMBRA GRS AINES B gRERTT - JURSE M RERE R -

Linux: 7 fE 7 B 2 % R 4 £ 3\ J# : sudo apt install libcurl4-openssl-dev
libssl-dev libxml2-dev libsqlite3-dev libfontconfigl-dev

16.4 IhREFERK

ik oA Esi]

HA LaTeX 5% PDF 3#1H - HTML B Word {a[{#i H -

WAEMH | TR AR fii F R A AR 72 - B GRS ERTLE., o

A RSQLite / H%% A& MEE BENRERRE AT o IR U E AT -

WA HEEATEA et AR ARG 46 HY PSR R © 7T TMPDIR
BB AMLE o

16.5 SEHEHEM

[PDF option not available (PDF i&IEA R ) : 7 R F#1f7 tinytex: :install_tinytex() >
SRPE AT RN B AR -

[Settings will not persist] (i@ MERF) - AN E SR HSMHER (nacOS :
~/Library/Application Support/R/glmnetUI/ > Linux : ~/.local/share/R/glmnetUI/ >
Windows : %APPDATAY,/R/data/glmnetUI/) o

PR 7879 ik H - ¥ 1T lsof -ti:7879 | xargs kill (macOS/Linux) &f
Stop-Process -Id (Get-NetTCPConnection -LocalPort 7879).0wningProcess (Windows
PowerShell)

=30 N

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.

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.
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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. por: 10.18637/jss.v106.101.
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mgevUI : mgev (BEFEMMERR) B4 LA i

S OGERAS o N TR B R A AR AR AL 5 SRR RE B A
William Bert Craytor

S 1E % 1 - 2026 EEFE
BRHAM 2026 £7 H 1 H
DOI: 10.67330/xtv1pa25
© 2026 William Bert Craytor. Published by Pacific Vista Net.
AR BRATBCBUR S EARYE AL CC AR 4.0 BIESIEREMR (CC BY 4.0) HIMGEEA -

52 o mgevUI & R §EF mgev EFH BT /i (graphical user interface) > 3% E/F{
45 2 B FiE B2 (smoothness selection) %% & B4 (penalized regression spline) 7R
A FEZMEARA (generalized additive model > GAM) o ‘B $ it = f F iAo\ ——3 A TH I
B~ B EA BTG RIS i — AR R R S B R EA ~ PR TERE ~ S - 2
VT I RSG50 o A A9 DA B s T o ANSCROS% T mgevUI BERME U ER ~ B TAERAE ~
RN LA SERMIEES % -

PR gkE : BFEFMEAER > GAM > BEAME > gk > mgev o R BB E AT > ASBYEL
&

Hih# % (2026 42 7 H) : AFEIRTAA > mgevUL 24F A earthUT (0.11.0 & LIEMA) » 4
A GAM TAERFEBIE MARS FI5s A9 4% TAERFE — [ B earthUT $24 ¢ mgevUI
ML R &ML (0.3.0) {£¥TE https://github.com/wcraytor/mgevUT ; 144 BH4¢
HETE earthUT o484 o 7S AR 8845 1) mgevUT o

H &
1 55 4
1.1 JBEHRELER R . 4
111 BEFINAELAL . . . 4
1.1.2 mgev BF . . . e 4
1.1.3 B MARS (earth) FIsfE4g4% (glmnet) WyRREZ . . . .. ... ... . .. 4
1.1.4  earthUI-mgevUIL JiFE . . . . . . . . . o 5
1.1.5 B TAERFE . . . . . 5
1.2 AR mgevUL? . .. . . 5
1.3 ZREAREG . . . 6
1.4 AEREEFINEE . . . . . . . 6
L5 AT o 6
2 MLS i AERHEK 8
2.1 REZRIGBLEERE . . . . 8
2.2 MEERSIILERINL . . . . 8
2.3 ERERBATIAF BRITE . . o 9
2.4 CERNWEBESZENE .. 9
2.5 RERIFIRINIE . . . . 9
3 BRI 10
3 MERR .. 10
3.2 MPEEMTAERER . . . . o 10
3.3 M earthUI fEA CGEF) . . . . . . 11

34 EEMES . . . . 11
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3.5 BRERIFEAAL . 12
3.6 TEEBEIN 12
3.7 TEEERMIIERESE . . - o o o 12

4 flERR 14
4.1 FERUHIEIERIE . ... e 14
42 FHEEFLMEFHBSVERTE . . . . . 14
4.3 HFERBADIFESE . . . 14
4.4 RCA FHEMEE . . . . . . 14

5 ThiGEES AR 15
5.1 BLMEERIZER . 15
5.2 fBMEETIEAE . .. 15

6 SFEUSEE 16
6.1 ERESEEL . . . . 16
6.2 JUBEAECEAIR . ... 16
6.3 FEABISEE . . . . 16
6.4 ERIAIBMERIBLEEE . . . . . 17
6.5 BRERBADIFERNZE . 17

7 PSR 18
T OBEESAL . . .. 18
7.2 Family (4BCHE) . . o o e 18
7.3 Method (F7VE) . . . o o 18
7.4 Gamma CEIEEIRT) . . . o e 18
7.5 AMERTE 19
7.6 Select (WLHE) . . . . . o 19
TTOTEEEELIE . 19
7.8 FHER k GELIRHERE) . . . 19
7.9 BEEMEE 19
T10 RFFHIASTE. . o o o o e 20
TA1 T PHASH. o o o o oo 20
TA2 MEREBEE . . . 20

8 HEAHIA 21
81 Fit AR . . . . . . 21
8.2 AR EEA TAEE . . L. 21
8.3 WWEREFSHUEREEIR . . . . 21

9 MRHEEK 22
9.1 Data CERL) . . . . 22
9.2 Equation (FFFE) . . . . . 22
9.3 Summary () . . . . 22
9.4 Variable Importance (BEFEIEME) . . . . . ... 22
95 FEREL . - o o o o 22

9.5.1 BEEEOPIEIE — s(x) . . .. 23
9.5.2 RHWTFEEIE — s(z,by =factor) . . .. ... ... 23
9.5.3 RHIH — ti(xy,x0) Bl te(x1,me) . . . Lo 23
954 SBWIE  BWETEBLFTIE . . . . .o 23
9.6 Correlation (FHEIM:) . . . . . . . . 23
9.7 Diagnostics GZH) . . . . . . . . e 23
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9.8 RCA Adjustments (RCA FH%&) . . . . . . . . . .. ... . .. ... 23
9.9 Anova (BEIBONT) . . . 24
9.10 Mgev Output (mgev BiH) . . . . o o o 24
9.11 Sign Check (FFHEFEET) . . . . . . . . . 24
9.12 Concurvity (FEpHME) . . . . o o 24
9.13 Basis Check (GEJEMIER) . . . . . . . . 24

10 &R 25
10.1 WEHBRDL . . . o 25
10.2 CQA B4y« o o o 25

11 RCA ZHEETFH 26
11.1 BARR RCA SEEBL . . . . . 26
11.2 CQA AN ATE o o o oo e e e 26
L3 BHBIOL - o o o 2

12 G558 Lhlk 4at% 27
12.1 APRREERIBEEE TV . . . . . 27
12.2 FEEFEIRIN . . . 27
12.3 TAEEMGEEEE AR 27

13 TR 28
13.1 % 1 4 EA Quarto {45 . . . . . . 28
13.2 %5 2 4 I Quarto R4 . . . . . . 28
13.3 HERTE « o 28

14 [ B pR 8 29
VAT RBEEL . o o oo e e 29
14.2 Python BREL . . . . . . . e 29
14.3 CH+ BEBERE . . . 29
14.4 SQLite GEVE . . . o o 29

15 B earthUI I glmnetUT fYELHg 30
15.1 FFEE 30
15.2 JEHINEE - o o o oo 30
15.3 BRI TARIRAR . . . . 30

16 ;REIEPI4E « Appraisal__1.csv 31
16.1 BEHA . . . 31
16.2 BMHDL .« o o o o 31
16.3 AR EFEE L L 32

17 R TR ILEEREHE 7 33
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17.3 DVEMI R BEE . 33
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17.5 BLSEEMBRIEET . . . . 33
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17.5.3 Linux . . . . . . e 34
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17.7.1 [PDF option is not available|] (PDF 3#IEARH) . ... .. ... ... 34
17.7.2  TSettings will not persist | (FRENMAETHEELE) . . . . . . . ... .. 35
17.7.3 [Diagnostics plot unavailable | GZEiEAH) . . . . ... .. ... .. 35
17.7.4 TReport error: number of items to replace... | (SR © R A TE S

------ P 15
17.7.5 7880 RO MANH . . . . . . 35
17.7.6 1€ Linux FZegEEMRI0 . . . . L 35

1 55

L1 JRREER
1.1.1 BN

FEFIMZAER (generalized additive model » GAM) H Trevor Hastie Bd Robert Tibshirani ¥£
H 1990 FREE P IERXIRH o GAM BHERMRRIE TR © 0 —EAMIE 8z, Bih—ME
I ER# (smooth function) fj(x;) > A RAEBIRE

y = Bo+ fi(w1) + fa(z2) + -+ fp(ap) + ¢

R f; WA REE B (penalized regression spline) fE Al F72] o i85 221 bR B
AL T 35 0 P 8 3 S 4 o e O SR AT 2 R AR B £ o R S SELE ) 8P TEL N SR B A2 B2
(wiggliness) » FEFR B A S5 OB B 0BR[] IR i B -

1.1.2 mgcev &

R B mgev (Mixed GAM Computation Vehicle) H E#i K EH) Simon Wood B # (Wood
2017) o ‘B 2001 4EF REEA 4 22 GAM 7E R IR SEEE > WS —H R ZH—
BT - BN B S — RO » TR T B (Wood 2004) 0 BHEEf
(Wood 2003) ~ PeifEE ) REML {5t (Wood 2011) DL K — B PRI A 2842 (Wood, Pya,
and Séfken 2016) o EEAMEALE -

o HEFH SR (smoothness selection) : #—TH I -5 S BEE AT EEA 1 —FR 2 n
Pt > "R REML (ZEE AR ~ GOV (e k) 5 ML (B KB -

o SRR - HHCE G (tp) ~ ZUOEEENE (cr) ~ P & (ps) B B iRt (bs) >
B HAFEE -

o WREFEW : teO B i W EBISEEM G H » MAZMEEHEZA -

o BHURIE @ select = TRUE BMIAS [ IN—EAESMEE > W A-EHTE A £ > MmER

o JLHEER2E (concurvity diagnostics) @ B P TR B & AR AR B B -

1.1.3 2 MARS (earth) FI#E49%% (glmnet) BJELEE
carth i FHAZ X K& H i EZ BB (glmnet B mgev) AR AT 28 o FRME T EE

R
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it mgcv (GAM) earth (MARS) glmnet (FEPEZE%%)

RIS A TiEIEARME (RS | B (BEER | &Y GEFIERIME)
16¢) 16¢)

FERPE FBFEHREEBE | EATEREREESE  EREE L BIHEE
B (MR ~ ZIR%) RIS A B EH | R EH

SRR B FME RGO N BBEm/En | AE o B L S
W B BARELA GCV & | (Lasso) HH
(select=TRUE) BT

R HIA RERETE (teO » SNSRI T R s XORRE (BEDL
ti()) (AT R > I =) )

A fFp i SPIE R SO AR 5 g RBIRSEA N B REIARTEEE ; 5
FEH HB AR AR A T — 5t I

el I FEAERAR HEERPEAR MR AR ~ s
SE I AR A UNEZS

RCA % FHBRBEE N TG BB g MEBEG B RS AR
i R AR

A Pef REML/GCV “Fig2 | S GCV 18] A S s 48R WU
Al at lambda

MARS (Multivariate Adaptive Regression Splines > £ 7T [ 4 i 54615 ) B Jerome Fried-
man A 1991 4FE$2H o EFE B ERE A E 8 5 PR e 0 pR B R H AT B (knot) o7 B 2R i #E 43
B AR o H R BEAE2 Stephen Milborrow 455 f#] earth EAf: o

HEAE4% (elastic net) W EFH Friedman ~ Hastie B Tibshirani (2010) EAE glmnet £
> B8 Lasso (L) R&&iBsam g (Lo) BESI45 G A - [F e 58 il st OS5 BUR BOlc AR -

1.1.4 earthUI-mgcvUI j#ife

— BRI TAEFAR I earthUL (4 |5 By i B4 88 3 B mgevUT (P Al st 45 A2 A€ o & earthUlL
FE i —18 .rds AFRAEZEM meevUT 1§ H AR

1. earth FEHIMIBE —MARS R (R B bl ERBRBI R SCBE0 E (B8R -

2. mgevUIL DU RGBS ——earth HEIREAA GAM Hh =Yl kR (cr 2RIK) HIFERE -
Ao TH— PR AR B A S Il R L B A A ) B R

3. mgev Kbt a — B EE A FHT earth U4 BeARVEREA INLLFHEAL > ZE{RH earth
J 8 AR R R T AR PR (R IRE - 4% P8 O B b ¢

ERRARICIRA A (carth) BEREIEEME (GAM) SR » I EZ R ©

1.1.5 M TAERRE
BB RN K A BRI TR ~ WA BB

1. S8 earthUI #H R b ) B 288 8 ~ FRARPEBAIR B S AR © earth Ay [ Bh IR 1
B g pRRESR BEAR I F W6 1 L -

2. Fifll mgevULRHL > WERRA EAFE TP R SE o 42 earthUT AU AR5 HE A mgevUI »
RIVRTAE 73 B AR AR R NE 88 R B - i A 2 o

3./ glmnetUT » #RTEROEMN B HOEFE (Lasso) ~ TSR H ok sl B 8
H > B IR L4 2 — B AR HAT IE R ~ {57k  pr A2 R

1.2 f)# R mgevUI ?

mgevUI J& R 5E5 mgev B4 EIEAE &/ (graphical user interface) o ‘B PAASHE Shiny JE
RERIRIGT— MFRTEA SRR - AIESE © (5 R RS - A EDR 58
(CSV & Excel) » Bt - MR LB eSS GAM -
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H HETARASEE > mgevUT AR BB 2N EM © EHE earthUl B4 —F #8417 > fEAHPH
GAM a4l (Post Processing Module) > i earthUI::launch_mgcv() F{E) - ERFER
A E AR AR SO it i — Pl——Ip S el s 5 esst il SR LS BRI B 45 4 - ZEBIFE (earth -
glmnet ~ mgev) FEH—ARE M~ —H %@ ERHE LUK Rl — 4y SZ R 5t i -

w2 e IR AR AL e B ) TAEAR © R A ~ &P THBOE B BEOE ~ W SR A
RS ~ 2R -~ PR mRRAUEMAR - LU R Word ~ PDF 5 HTML #%#d ©

JEF NINAARE R A I S O AR BAR S BRI A IR R f(x) - BRI

o TR ERBOE R — AR RATE R B R A B UE -

o IR IRALIE ol T S5 ) ERRE — AP0 AR T IR BLAR > SRR T S A
) FDUAEL R A 50 8 S IR S 9

o AEEEEERE —mgev B3 REML 5, GOV g4 E A 2 8 > 7Eta Bz
SRR Z W USSP -

1.3 =FMfBHER

FHEHE A —E R (purpose) » fEMIZMEE 1 i (Project » HHZ) gt HEKpEEE > It
RV E o H AIAE A b S S A R e R T B B RT3 B 5 A EAE R AR R TAF
i S B B R B R AT % R R 5 o =R

« General GlH]) —— @ AR B8 BB RHER GAM JE 5 - B R TR > $2
HEIERE) GAM TAERAE » A SR R I Dhag -

o For Appraisal (FIAflifE) Ry B E MG E B B TR GAM T - 37 8E—F
B A E TR A DA > LR EAE AR ~ RRERIAOLEE & DL IS A (Residual
Constraint Approach > RCA) -

e Market Area Analysis (TR 547) RIS e R S R GAM g -
B Y FEBEE TG T A AR A B EE R DI RE o AR SRR R B o

FEZAEMBGNT » OS] 5 5 M Rl —— IR IR AR AE B M mgev: igamO) #EG GAM - H
IRBCE HARE | WRLE R I B B R TR AT

1.4 AEEFHIGE

1% F For Appraisal 5f, Market Area Analysis I > mgevUT & R T A A B E 98 m
BeaT T RE -

o FRERMALHG RE — (I TEI A o T DL RC AR IR A 65 0 Bl contract_date
dom -~ concessions » latitude -~ longitude ~» 1living_area » lot_size - actual_age ~
effective_age > area ~ site_dimensions if display_only o i Lb¥5 & It & i Wl 1 ¥E
e B B AL P AR T 5 -

o Sale Age filfi (S4HIRFEE) WIAROLPHE €% contract_date Higflt 1 Effective
Date (flif&2E#H) I > mgevUI @atH—{E sale_age Mfi (M52 H MBI ®EH Z )
KE) » A LVEAER TS BARAAR R -

« RCA I (M) FEA AT > BRIBES 52 % meevUT Al a2 40
Wik (RCA) Wit - &5 28 AT EG S A S A ~ o B S AR R e 4 > DU Al (AR Y
F B R S (A

R ¢ General JRHGRE T REMT DR
2R B R BB A LR T —SE R DAk -

Bl B TRESUNEE o A B TG

1.5 AFY
i mgevUT F555
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EW

. R &% earthUI : install.packages("earthUI")

- WOEEH

mgev il fE BB S E
A o (B3 R BRI F o5 22 R earthUL — 321y [nstalling earthUI and vProlog |
— i )

. B ENE AR £ R 3T earthUI: :launch_mgev () o JEFFE 2 & 70 /R 00 48 B 1) B 2%

HhiZih 7880 HEHIRBARL -

CTEVGERESE 1 B BB RER - HEBREME (General ~ For Appraisal #f, Market

Area Analysis) B TAEMIES (B ~ M~ B8 ~ 1) S A /il BRI o S E St
FIH) regProj IRHASKZ T » MHFIMRIER earthUT Al glmnetUT 3LH] o BHRL—E A& A
RIS > IR DI T 5t

- FESE 2 BREE AR - AE H RT/E A T B A A R S Rl CSV B Excel % -

RS R GZ BRI > S5 8% Refresh  (FHIHEH) DIFIHEM -

. fit earthUTI [EA CGEH) —=F 3 #i RFFIRHE A —1F earthUI 45 .rds #§% > F] earth

BBUMHETR R GAM 20 o B RIA earthUL A28 - Bt 5 /1T -

JEHE A S S SR T SR 0 B ORI > SRIRFFEROL A 0 > 0 S
SERD Ay R TR B AR

wE mgev 2
HoASEIH

family » method ~ gamma ~ FEEFER - k ~ REFH - THIED K

- BEABIE —RE [Fit Mgev GAM Model | (##4 mgev GAM #R1) » 3l 78 3 [

B TETHRIGR TR Excel > EANFHIR Quarto #idh - B (FEMERT) 715
RCA i B A SR GH 1 LLBL A -

B E H B E (8 SQLite BORHE AP » AL TE (R EEHTROA [ — i AR R -
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2 MLS g ABRIEER

BB A BT 0 AT TAR AR S - IR A EORDE R K B 2 EiAR#s (Multiple
Listing Service » MLS) HHE i 5 o A<TERRL T TR0 A 520 LK mgevUT AT LU #2516

7 °

2.1 REZMBEAS

mgevUI 452 CSV Bl Excel (.x1sx > .x1s) {62 - [E AR > 044 & A B)i#% % snake_case
flan > Living SqFt] %% living_sqft » [ Contract Date] %£% contract_date > [Sale
Price] %% sale_price o ja — S LMEOR A TAERAE P AROLE] P —30ME - BB A WRE(E A Y
CSV 43 BRAF B /NSRS A 5% R IR 3 e e (B RS 3 % [Locale & Regional Settings ] » &,
B R )

TRE G R 2 R — IR R T8 > BEAE E—5] > EE A — o BRI —F

TR NI -

2.2 AR 2 T A oL
BESR mgevUT W] DUE FE B —AEMR0L - {H 52 B A Al TARRARE B AT SR AL A %

Sale Price (BB (HEEEEM0) | A0 MESE B
)

Contract Date (i | contract_date HA#14# sale_age (FEALIERLHEH MK &)
2 H )
Listing Date (##f | listing date | 7Efik4> DOM {7 IR > B A A2 H 1 — 8 H it #t 55
JH ) DOM

Days on Market dom TSR R B 5 TERE MAE P BR

(T 351558 K0
Concessions (%3¢ | concessions SEEE; FEE = fEEE - EE
)
Living Area (SF) living_area RO ER EF IS 2% (residual_sf ~ cqa_sf)
(R TE )

Lot Size (M1 lot_size o7 T TR R AR 0L

)

Site Dimensions site_ dimensionsH Py i f b A —4H
CRHIR )

Latitude (%)) latitude PUEHAZE 3 i/ N
Longitude () | longitude PUEHAZE 3 (/g
Area ID ([@iki#% | area TG / I R 1
A

Actual Age (EPE | actual_age AE EE AR IS

AEHE)

Effective Age (5 | effective_age AEEIARAEE
RAEHE)

Address (Hidik) display_only | FERE SR BUR 5 AL

Al B A AL 44 mT UGE I Sbit——m [ Resk ) SARREHI S > LUE R 23U HARR R R BE -
BRILZ 5 > VRFTAG E B 44 B AR B R ~ BT b SR o R B
Hi o
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A IR BT AR AL LT o mgevUT & B 4758 IE—— & S0 i - AHIEZhBEfE B Bhig % -
AN > PR ANEY E E AR o DU SR AL 5 2 R

1. Sale Age (SHHIFEE) ——mac H B HE H 2 W B R8I o 25 FH s U Ar Y 8 4
JEH > sale_age fEAEEOERN -

2. Living Area (JE{EMH &) WHEBFEAE [Living Sqft ) TGLA | (gross living area > 48

JEAETHRE) -

Total Bath Count (f¥48%) 2~ D5y — i ~ PRRFELIY 2 2 =R AR -

Garage Bays (Hij##ifii) &, Garage Area (HiJE[Hf%) B o o7 B T S T R o

Lot Size (MiBRTffE) B ER A o

Longitude, Latitude (%88 -~ &) > DIRAEAIGEE Area ID ([RIGERAEE) > FIRZ]

EH R ERS s -

S O W

2.3 FRERMRALAY H A0 E

mgevUT R 55 A0 37 AR 45 R 5 U i 5 T AR 6242 SR 2540 (02 = #3mT LAYE MLS R HiRE 2 P B R
AN ——BASEFE MR B E B e K (58 6 35) W IRIERERFFoREY -

2.4 BRHmE RN

o IR (NA) - AL —FHE B A0 B AR AL b5 NA B9 50 & FEBES AT 8 B FR -
mgevUT & 8 B FE Ak 2 A5 20 B ol P ER AR BB 7 - BRI e AR Ao P KB P B NA R
GHEHET -

o BWUEMIGL - SRS ~ SEAEI A ~ MR MRS SR L R B (Y

o BHFMWIOL - TG ~ TRUE/FALSE ff2 A% R RO & F B8 5 0 B l—
BRI TR AR o —(EBAEMAL (] 0 S ER A T lils sJmU A) A7
R/e)H Factor (BF) BHUTYR A& A K T 5 meevUT A A EARYE B ) IR 48
VB A I HL R 0 B > TR LMR bath_count Ja bk Y B HCH(E TR S B DR A (Gl
L) o Special (Rigk) £8 (8L R -0 E P8 37 -

PR ¢ ME AR A T S B b ) NA AL o IR (AR 2 B AT BE R L R 5 - NA Ahikb
>50% WML EBARALL B BhHERR -

2.5 FEHISHIALE

7e Appraisal (f5{H) BT 0 58 1 SURFRASIERRNY o HEREH189 7% 7T Lt B 51 - #2RY51)
RS BBRIRE - BEE e AR - A& R S R AR TR -

7£ Market Area Analysis (W5 T BT > RGIEMEENERSE 1 510 17
RIE

7E General GEA]) BT BEARRI I EH—AFTA S —HFEL1 -
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3 AR

3.1 Ak

JRUB) mgevUI I > 3] (General Purpose) MBEAUETHBAMA o B 2B ERHE—I AME R
A EER—R A GAM TAERAR o /R LAE mgevUT ATRARHEER ~ SRt ~ T
FERFFE > BT FEA AT TR AR R A 0 0 B ]

7E General BT > /MG ABYESHINGE CREERIALL ~ S5EIEEE ~ RCA) o MEMIBIR
iy > BIER S BOERE - SHE0E ~ RIS BLIE L -

3.2 R A AR

R0 358 R+ A R AR A e T T A8 /N > BERIE B S — IR BIG MEH - ZBUNE A TE
BHRC— M8 1/ T i SR 218 1 B > Loy T35 B S 2 1 AR B o i Hh 0 A /B e i
- th—— 0% A B8 F) oy DR} AR o

1. Project (HZ%) BB PR — % - BRa e F iR TR (R ~ M~ 5% -
W) > IAREREA (<os>_in/) B &k sk - BRI IEILAI Y regProj RE T (78
WXy ~/regProj > W] iZ%i#H REGPROJ_ROOT IRIGAAMEY Settings THieBLAIRY) » 0 BE W) i e H]
earthUI A1 glmnetUT JLH] > Kk =35 MR o] DLIE S 77k - Bt Close Project (BAPHEEZR)
BRI 145

2. Import Data ([ AEE}) A S R A B R g4 —(H CSV 5}, Excel
FE% o B3 Finder/ R A E O ZIMAZE R K > R12R#E Refresh (EH#M) LY
HEM o HRE 2 TAERK Excel f% > griiBl—(H T/ERBEER - A4 HBERL
snake_ case o

3. Import from earthUI (optional) (ff¢ earthUI [EA > %) —— A—1{f earthUI
R .rds BEFR > M carth BHIAYHIBALE R GAM $EHLWIME (W) IR 2 s HOS R L) (E) -
I 45 B 158 FH ) ——8- I A 7T A earthUT #5 5 > BRa@ BRI W] o

4. Variable Configuration (S##E) HAZ S ORI aY ~ B EaR ( - log »
logl0) » LIK#HF Include (4 A) ~ Factor (KF) Fl Linear (AR1E) HHU7 YA TEIRI S -
Special (F§5k) AL RATEMER R TIGREA T I - FERSE 6 & o

5. Mgcv Call Parameters (mgcv W1 228) 2T E - STERA - family
method ~ gamma ~ 32 X ER# ~ select ~ FRJEMHA ~ k ~ REFA - L HEEM DL LER S8 - 52
BNSHSH B TE -

6. Fit Mgcv GAM Model (& mgev GAM #iR) ——JUTRIAIAHER A5 R & B
TNTEA T =8 B -

7. Download Output (i) —HFHEHEIE - 585 - CQA 55 DI 45 8 8 &Rk IE
Hi % Excel #% > AT A H ERIF - RS 2% > TETA R T A -

8. Calculate RCA Adjustments & Download (514 RCA 334 M) — A%
fE AT st A s 8 RCA JRBEE > I8 CQA B BRI B E/E N o (ETEM EB
BTG ~ HESEREA 7B -

9. Generate Sales Grid & Download (FEAFHEAEN FTi) ——FEA S E A
(Sales Comparison Grid) » #A8H%E 5 7 LR VT FLZR B o B BB T 13 -

10. Generate Quarto Report (FE4: Quarto #ify) —H—1E B 25 Quarto (.qmd)
Wb —— 2 2R LA —— S AR BRI o BB A BRI AT o

11. Convert Quarto Report (¥ Quarto #i4) JUEAW] .qnd GljE YA HTML -
Word g, PDF o PDF R %4 LaTeX ; # AR {HM F] LaTeX » PDF 3RBIA @ P FEK - 2 75 13
=

TEHAM T > SRR D BR e ping 2 CHARPBREITAR DY) - bl T 3 A 8 54
WA ER > AR RCA BLEHE AEME Wi A5 BRER IR A -
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3.3 1 earthUI [EA CGEH)

R 3 fi—Import from earthUTl—— R F /R FE A —1 earthUT 453R .rds fE% - &
WRCH T earth-mgev A2 @ earth fERHERENS H 0 BEOLE R GAM “Pig IS B o

ME A earthUI %5544 > mgevUI & :

o WUR—MHEE > 5 HAEESE ~ R P07 ~ TR, R o s B 6 B L L o

o HEjEEH [Earth Pipeline| (earth jif2) SMFHGRAM (Z U0 E ALK > gamma =
1.4) -
8 H AR R Ay B earth [ H AEAAE—3 -

o %y earth THIHISAHTE L 5] Include -

o %y earth /) RESAHTE L 5)3% Factor » % earth WJARVETEI S 8FE L 4)3% Linear o

o THSCHHA earth (MBI HIA (FEAZ HAEMEF DIF w72 lER » W EAATFFLE
%) o

o #2fit—{F Export Knots CSV ([ H#i%s CSV) %41 > [l earth AUFIEE N & A CSV
R o

WEf: > SRR E R RUR— UG 0 f5 A 808 (Include ~ Linear ~ Factor) BEAR 4B
& H earth IR GEAN(ARY o B glmnetUI R[] 7E glmnetUT #1 glmnet A#ES B 4% & 2
earth 3K _F——mgevUT RARIEIR B AR AR BER GAM #) > earth FURIRML T —(HEED
B> Ty Fg— 1 ) TEERATY 7T AR o

—fH Clear (iEBg) #EHAIHERTE AR earth ER} - A0 B A8 7 P T -

3.4 FErmARH
HRHEAZ R > EERRHLI N HE (NPURBR B TR S SRR A AR -
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Data (¥} | CUEA ZRHHIE B, DataTable o 72f% EHGR ST b > 2 2 f
o 3 B L 5 o

Equation (i) | ] MathJax A58 GAM AR > UK P mEE &£ -
Summary (i | BISHIGHEL (R~ CV R? - CARRRMES - AIC - n - AR DT
) S/ SRS -

Variable F @it CHEIH) W ¢ H (2810 POKFEEE > DIERIETE -
Importance (%
BE M)

Contribution HBR plotly “Fig w0 EM 4R - A SHEAE earth #iBHEE -
(B
Correlation (# | #{EZ 8 S SO B R BOW 2R (S ARl kasil) o
BATE)
Diagnostics (2 | BEZEHHEAE ~ Q-Q B ~ EJlE ~ EEEEA{E OF#H gratia EAE) -
) B R AE ¥ TE I R o

RCA RCA 7 BT (M8 / st > stE e mdz) -
Adjustments

(RCA %)

Anova (B5R¥ | SRIHESFRIHS O BT L -

SH7)
Mgcv Output JRIESCF © IR~ A~ BB ~ family ~ JEfhk -
(mgev #iHi)
Sign Check (ff | earth & GAM W77 —8tEkadE (HEREA carth &R o
kn A )
Concurvity (3t | Hehg B g iy Jeph AR > AFER AR
i)
Basis Check (3% | gam.check() 3L A 700 1A B
JE A )

3.5 WEMFA[L

mgevUT € 3 B /R0 38 € 577 8 —18 SQLite &k} » W LI AR R4 Ao o BIREH
AR —HRERWE o i A e E R - B gosE - ENSEIUTE - ERAA] » mgev 2
A KA HAERE o FH g R4 FH A B i PR JE 2 B Ek g o Bl fif FH i AR R R4 lsd
> W ES R EPr R B BEA o

3.6 MR
BB #9109 A 35 / KB » AT7E Nord Light 52 Nord Dark Wil -2 MyI#: - T (RkF
F71E localStorage W1 » B af{RER © 7 A1 1 70 26 40 6 DT 58 AR A .

3.7 [EIgHEHE R E

mgevUL 758 — B IR B K RIEEE (locale) FRAESCHE B EELA T B CSV ARXAE - 42
B Settings (B0€) THIEHZ 30 ZEZEB KR Country (HK) H Paper
(HEoR) Ry - TSR E LU T 40

« CSV srfaft KR/ B/ BARES: () 0 BINKER Hil A 258 () ©

o /NBORRTEE —REE () BUEHE () e

o TOLAREAF —E5E (SRR / el / HA) ~ Auh (TEE / KR / WPy ~ 4% (5F
B/ YRR/ BB/ BRI o SR (et o

o HRRSE Letter (2R / INEER / SBVUHF) 5 A4 (AL A HIlE) -
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BLiE Save (fifife) FN AT ORI S8R IF 2 30 A7 6% o Import Data /N2 $& fi— {4 2 42
R Locale (Jwif) BEFEZS > MR AR A E M —IKVEREA M o [ —{8 Settings T i ¥
2 regProj root folder (regProj fR&ERIAK) N > FIREHTE E mgevUI ~ earthUI Ed
glmnetUT St H A B 26 & -

PR ¢ Y AT B R A AR A B A SN B B R R R o R I ek A B R T L 4
B (200.000) > Z5BFZER& (200 000) > Fit FIEE (200°000) o AT AS B R AT ] 62 ¥ 455
mgcvUT BB SRR -
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4 AHERGR

AR 20 Fl i For Appraisal (FIME(E) B > mgevUT €30 [ & 35 A T 73—
BYEME 5 3 BRI I REIRIRTT A 5 AT GG E R A IR A 2 -

4.1 FEAF R B

FERGERBET > BORHEIISE 1 5 AIAGETRERG > LR Ry T FLai B S 9] 1R eh s AR S0 JH %
AR (S5 2 3) o M EERR RS & AR T I 22 > il IBYE R E——meevUI 7ERER I
7 HETEE M NA JEH -

e e A% o AL E ARSI AL THME > 5 RCA g% TARRALMSE5E -

4.2 flfEZERE H SR IR BR

TR AR ST G X T > S EUE /N & 3 {8 Effective Date (fEZEHEH) (L
(B HER A B RTE Special Fhi B EIEMIAIE € % contract_date » mgevUIL &
it M sale_age HN——RI%EE2C 5y I A AE H I SEIEHE 22 [ AR R0 it (508 1 7 78
TSRO ARRY -

A 2L H SR > sale_age W HENEHHIH

4.3 FRERMRALIE 2

FERS BB iG> S e e rh i (B FH I A R & B Special (F58%) T4
BEF o FRIRA R HAE I e 2% A 6 5 -

4.4 RCA ML E

Calculate RCA Adjustments & Download (1% RCA FH#4E I T#) #28 (GEfh B
AT ~ A SE BT /L) B R T Ll 22 (A S (B ) R G ph T S A R
FH o SEEEW) RCA TAEIRAE RS 11 3= -

R RBMEERRNIEER CQA B RiE 15 FL A £ K Eb ) 45 B i A A AR Y » 150
5.00 e b EERA B T EL S G s AL B 1 o
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5 TG

EAEH T HZEH A &% Market Area Analysis (H5ERT) I > mgevUI S fitSafh
AR AB AR HThEE Rk ~ S§EIEEE) - (HEEUR & — A B A > IRl B —
i EREHIE A -

5.1 BASMERKHIER

o FREYZIRBEBE B R S ——AEHEaT o 5 1 S E B AR AR o
o RAHEA —— [Generate Sales Grid & Download | #EE AT H °

5.2 falREAE R 35K
FE LU T STE T A i G e A X
o FyREAEBT R BTGB . GAM AR > DU R IR AR A 5 (ELBE B (R 5%
o OPMTEESETINN © AFH - M v B L L S A AT R B A AN Bl A A
o Zy TSGR S A B A T SR E MR ST AR
o BEFUEER - RORME © IRABERFIRIOIDIRE (B EEIGEE) > ENTR ZEOH MRS AR AR

P ¢ TGRS R A AN Bl A B B AR AT
EEM E TARRAR I -

R B IR AL DD RE > HA TR E A8
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6 ABUEE

RN 55 4 fi—Variable Configuration (SFEE) — & /R E MR 2 BLARAY -
VAR E AP ANl 45 R B ) LT o

6.1 HEEES

5 4 HiJHH#RAY Target (response) variable (HA%E / S s#d) THis o) o EpHE PR —
R BB A o R — WA 2 S S (NS B %) - B ASEAR (o8 B Bl 1% T S s B v
HERR o

6.2 R JEAE B
TE A RS BO% 145 T 77 » Response Transform (S MEs#gssii) T hos B fe it = {8y

o None (raw) (f - Jf{H) ——ELHfH SO IEAE U - 5 TR SR SO I S e I s RUBE |
PRI AT AN > HEETH A o

« Log (natural) (HR¥EH) —EERSHIMEM B RBMEER o AR 1% > e i
BRRHLHI (%) TFREEE (3) - EEHEEKICHAN > W &—4E $10,000 HFH%
TEA R ERE K B B &R -

 Logl0 (LA 10 7))

HEANLL 10 2 i A S s 4 o

PR RO e IR R A R IS (%) MIRBEAE (8) o R EEE BAR KR A B) s
R SRR R AV R B A S SE

BB o OBSh < 0 MEUEE B E BIERR - FrAah (FRIE - B~ 2REE)
HREr B S s A ] i R -

6.3 THRIEEBR

TE H AR BORAR A T 7 > —RATIE B FAR S I H AR T A WAL o A% SR (2 8 AT e 1 i B
FKIALLREE - BIALRINEF 7 -

Variable | Mi% (5507 - 16 RELUANE SEARER ) - AFEHHE REAEHS -

Type %ok} A B R $7 4% B numeric ~ integer ~ character ~ factor ~ logical ~ Date
POSIXct o #2HE FHhiE e o

Include FEHUT7 YR—— %A LA 75 THIR S Sl AR o ELHERTH -

Factor BT % JE N IR HE (B (iR A 0 i A — I B (R ) - B -
Linear O S——s@ il AR R CRTIBTE > R Bo) o HHEREH o
Special TR (EAGE / ) 2 R SCHRF RO T 2% - ABE T

PR
NAs EIREAEESE I WEREHRER - ALE (250%) ~ A (>20%) ~ KA

(>0) ° HFBHERELFHE

KT~ BRI 2 B - TSR o S A R BUE S S 58— (R I IE f(z) o )
Factor €A —H 0 HH (FHEKE—EFRE) - 4 Linear € & A —E i HAMEIE S DL
BURTEIEIE o [RRFPEAERL & Factor B Linear #%#3#(#% Factor pE# -
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6.4 R RIMEISRER

mgevUT TEFE AR & B B A EOR R > T agnl S ~ 8 8 ~ e ~ 58 HIAAL - /RAT LA
R Type Tk A S AL —JEAIIAT SR o SO A & 0 BEA GL 7E AR A v 1) SR 3 5
2 o

6.5 FRERMAEAH 2%

FEA ARSI HGUT > Special T B LT 2IH

A
o weight —BUIREERIN. (CAAT—M s HEEL 0 WIIASHES)
H B S RE AR A -

FRBEARYE EEEEHEH A BhH 5 sale_age
SN T SeRT S B S R EEAR L. (BEZEHE H AR B0 - HJRURR ]
TERT ST 35515 B R B 25 B A TR

e contract_date
e sale_age
e listing_date

o dom EVNITE AN T

RLBRAEAY -

e sale_type T FH A TR Aok (A2 Yy BEL ] L 22 491 1) e S A R A o
R A -

 concessions NS (EOTAIRS - HrEES)

THI i B T o A

e latitude FUEB IR A R 3 (/N

 longitude L4 B [R) A A A

e area T 5 TR ol 1 Tk )

e living area B T R G245 (residual_sf Bi cqa_sf)
o lot_size —— S Ml I FE A L

o site dimensions L b 453 Y B A

AR SEA -

e actual_age AN Bl 7 A WA 6

o effective_age AN T A R AT

SRR -

o display_only — %ML & &7E Excel [EHH > (HE2ASHAREES o W AR
HEARDE ~ MLS #4755 ~ AR S s b S 1Bk -

R : WARER display_only HUMRALIR T FE EORHEE POIE (M BIAE Brcel [EIMAE - B2 2
BB HRRR o AT 1D BIL ~ Mk s HAd 25 B -
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7T BYORKE

HEME % 5 fi——Mgev Call Parameters (mgev FEIY 228)
I o SHESHEEA —EE AR ER (7) > By HESR R -

feflt GAM )2 ifBE

7.1 YA
TEFRAY— I T h e B AR (M AR T Al > By R TARIRAE B & B AN T fE

Standalone tp (FEAR) k= H# (10) > gamma = 1.2 > select = TRUE
(discovery) (%731
17 /&)

Earth Pipeline cr (ZYEEE) | k= HE) (10) > gamma = 1.4 > select = TRUE
(refinement) (earth

Witz > Kefb)

FEA earthUI & BIRf & F B Earth Pipeline THSAH  earth HiB5H S W HM A =K
R (cr) FRIE - KA A E udrs e MR ARG AL E -

7.2 Family (43BCi%E)
P ARHE S M O A TG -

Family Y

gaussian AR I BB (BIangyEERS) - BHEH -
Gamma 538 SR G0 DL YT A U 91 ) I {38 A 2 I B SR 0
poisson AP BCEORE (BIAS s 80 -

binomial kR

inverse.gaussian Joie LA R FA L (B DR ©

7.3 Method (J5#:)

e S BINAGET

Method Wt

REML TR AW (FHRL - k) o BHaEES R iR
GCV.Cp Jo A8 U o M) R HH R A A R AR

ML R o B REML AH{EL > (HA] GERPIE o
P-REML Pearson REML #4§4 o

P-ML Pearson ML #4f o

GACV.Cp o Fe A AL AT SUBR

7.4 Gamma (CFFEERT)

gamma 2 e B 8 I P KA BEVRSRVETEOR > MRS Pl (IRENE A Hfies -
THEAE R 1.2
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i R
L0 BT

1.2-1.4  BELLTHRE R P (k)
2.0+ EIE 1S o8 FH 7 R K B B R MR AR

W) gamma. {E1 8 T4y 8 1 YR FE A HEIBBE A © Barth Pipeline TR 1.4 > B
fEFENSAL earth (KT BYE i N A8 103 o

7.5 gy

)Ry (TERYA)EE) > mgevUL EEREA B BT 10 $138 WEg#E (cross-validation) PAFIHE CV R
ST e mAA T REA AL EBAE S —(E R E A R o

7.6 Select (Wr#is)

BN (FHRAE) o & 8N IEMH I —EAEM S - SRR EE c EMEHR T A

SEBCSE PR —— N TS T IR S RS B o JUEEAE SR AE gam Q) HELE select =
TRUE o

7.7 THREE
IS TE T AR R R E R 8 (basis function) JHZY :

ELJis Exi Wt

tp PSR B A A TR o A FEE (R LR - 2
REF 1) 30 FiT 88 42

cr S BRI FERFRRZ TR o B carth FiRY
LA (A o

ps P bEf ARESFRERY B BRIREEIK > BCLAZE
2 o BHAAR R

bs B #Ef SEPER) B ARIRSLE -

7.8 FHx k (GEKAERE)

SERARIE o 46 REA TR B AR B IR o (A O (BERD) R THB)) —mgevUL i
TEICEL k = 10 BY earth £ BLA{E S -

o BUMY k (3-5) 1 MIARIEH i - HOTEAR -
o AR k (8-15) : HEMUEH CEFTLH) -
o BRE k (20 DLk) - SEMEAG S —— A SR IE AL R BB & 2 BT -

e 2 Summary HEFHAKE BE (EDF) SivRSEFHEERANE T 208 HE - &
EDF 35 k — 1> SWIZEIK T RERN——JBIIK &k 35 EDF E/NR ko S FRIEZ B TR
LA -

7.9 REEA
B S R H > A R BRI T A
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JERY PR B FHLRH

ti ti(xl, x2) RERH— NS B > R
JE R B s O THA BB HE o ] fF g
P & 2

te te(xl, x2) R B —— 0 R AE 9 P A

R o 5 RCA JHHE e 43 o

7.10 fUFFIIH

—f{E A7) Allowed Interactions (fFFHIZEH) /NEIE LA HMAR TG GEGM ~ Ik
) IS SO — (8 B = A AZIOT SRR o 4580 I 7 i RACR A e 4 3 2 TR ) R B B P
e

o Allow All (2##¥) / Clear ANl (ZHFIEK) ——HtukyIikiRsh o

. BiEREW DI S B iR A L o
o GpRELEEEAE 42 [Block from main effect | (¢ FREH ) —IEZ BB H

EHIR AL B, CRE A O IH) -

i A earthUT #i BN > earth (HMFI 2 E @R ARIHE (UROTRERE) &
carth A T degree = 1 (2L H) » RIEHUR— AR &R -

RSO R B8 L KW B v A B S © TRV S ~ BT earth {00 290 10385 %
SCARWEA I AC FLIH © B U0 A% B il e AR 2 28 EL T LURRR I

711 HTF—FBRH
B R S i BT I S B R R R A AR > & PR — B B8 1) Factor-by-Smooth Interactions

(RF—FiERH) M - SEZEOTeES— s(x, by = factor) JA—HIARERK 7K
HEE AL — R BB )P IE h 4R o

7.12 EREZE
— AR PR [ Advanced | GERE) /NGBS THENEE -
« Optimizer (FfEfLE) P 2 BN T BT ) ST ¢ outer/newton (FHEE) -
outer/bfgs mf efs (##JE Fellner-Schall ) -
e Scale (RJEZ#) REZHE -0 (FHR) FaaHERMER o B R E SRR ) 3%
F—EEEE -
+ Discrete covariate method (BH{b{n& 8T %) ——&tH KB ERHER PUERE L
¥4 (discrete = TRUE) o
o Threads (Hf74540)

WATHATHIEE (1-32) o #7E discrete = TRUE B2
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8 HEAHR

8.1 Fit #%4#

W25 6 #ih 4 Fit Mgev GAM Model (64 mgev GAM HI) #:8 - B e B DLk B
T B TR -

8.2 HEABFHEEAE T A
KB Fit 1 > mgevUL € ¢

L KEs e —mERNEDA —EENESE - DkED 10 H5ERT] - HEi A
50% > FA S GIEH) R ER > NA BIAIRLERifL)

2. MEMHER) SRR BB RIAHBA R O > MIER & NA 5] > EREE Grctse) > #F
FREEANS (FEMGEARECTT) o 0 S e s g st 4 -

3. A GAM 245K o B A TEI A O P IETE s (x, bs="cr", k=10) > A4S
Wi N FIH > 2 WA AL 2y Linear B8RS IEARVETE » WA T 58 A IR EAE o earth
) £ B e 1 A B 0 B O B R A cr BRI TE A o

4. JREESFIRTE DB BB > T E TR B S R T o 8 B BR IR A R HUE A
B 1 DN W07 T 25 2 H B IR T R LR 72 earth BRI RE o

5. Bt GAM DL 3 I 1) 3 3%~ family ~ method ~ gamma ~ select Kz H fih £ 85 FF- 11
mgcv: :gam() °

6. AT X Gawe (G ORI 10 32 X o sHERAS R T -

7. BT AR EE Summary ~ Equation » Contribution [ - Diagnostics LA HAih
A BB EPIER -

8.3 W RHEAIUEEBUR

W callr BFAI AT - BAUEES B e —EE RATR T - DLORSS I FIAR 3CRY [ o —(Ems
0, R I i 3RO B P U

o FHHERY » BURTHEEMADE / 58 -

o RBHEGHRISHENE H - BORRIRE > HOFRRE X EBITERE  ALARREER

o —f Abort (#ik) H$h > WETRERAILBEATTE o

o —ff Close (BAPA) 481 > YEfEA ST MBI -

i callr AT SRS BAT BRI SWRAS > RS TR °

BA I > Fit #80 e Bl — P as)5; > FRREFIER : TR-sq = X, CV R-sq = X,
Dev = X%, AIC =X, n = X. |
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9 MRHE

9.1 Data (&¥})

PIH#) 3 DataTable B/s CIEARER > XM MIES) > B H 15 5 o 7R EBA B S
T ZHEE Bk Subject Property ({5{EAEH) > %5 1 %1]) #£F1—3E Comparable Sales
(AT LS M) > HARF)) % 5 78 General Bz HBUR—IRE -

B GEFAAE IR R — 47 307 WA R AT > BRI B B SCERAAL (5 40 AN B8l
i) A RARRE o B AR — 5 ST —RE A VT A 0 BURHELSE
o RSBEINE

9.2 Equation (J5#2)

TR R EEEAH GAM R
BERIJ5F2 () MathJax {E2L)
o ZevinBH R OB H  HOAR IER 2 4% (log ~ logl0) BRIHAS R -
o FumBUREEE - DL fi(B3 80 B M AYFIBIE ~ 28 80 AHIAE B K RS0 I 35 >
VIR AR BB AR IH
o family Bl method B/R{EHTE LT -
Smooth Function Definitions (CEigKREET) £

o JEMIAXFH (HIn s(1iving_sqft, bs="cr", k=8))
. WU

o KA (s> te > ti BY linear)

o R R BB

o k1H

o carth FiBifiE CHCEA)

9.3 Summary (f§%)
TEIRBE RSN SRAREE R A

e R-squared LA R 22 1) LL A1)

e CV R-squared R RS R P CGEERUH 3 X RS )
e Dev. Explained % CfR R E M E 4 L

o AIC — it & fIER]

o n — i ATE (R 3

e Smooths PV TE A A

T

« Smooth Terms % (Fi§IH) —IH ~ EDF (F%(H M) > Ref.df - F #iztE ~p &
o Parametric Terms ¥ (Z#0H) —IA -~ {hsHE ~ /=EER st {5~ p {H

9.4 Variable Importance (588 ZH:)

RIS AR > BRI A S EE B

o B - # T SEtRIEE (BAN)
o BWIH |t EIT (RE5)

B 77 HY) DataTable 5 {38 ~ 128 ~ EDF ~ &t 88 p {6 > #&R 2R PR -

9.5 HJRkIE

T —EE NG HR B BERIE A — R B plotly HRKE » BURTE—RAGBEM A+ -
% ELE 2 P A R SR AR R
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9.5.1 SUSMCEHT — s(z)

. BEfAhAR > A 95% fHAEME

o REHH > BURRRE (HRARMEE BRI B

o ALEMERAR > AL earth FifiEE CHTHEA earth 458)

o WEEHOR  BEORE - B (8) ~ 95% [HHR R ~ kAR (B EAIAAIER)

S AS BB RO - HERIE A5 5 > (/) — 1) RSB LISETERT A EDRR - 7 4
DR 21 S S 6V
EREE /RE ISR > BRI 0.001 BEMTIRAE 1 REARIE - D235 R B A TR Y LB 4

=)

H

9.5.2 HWT—FiHEH — s(x, by = factor)

BE{E R FK E— R G AR - BARTE R — IR IE b o B B R T T S T A SO O ] R AR
A (BIIAS R ) sk o

9.5.3 ARHIA — ti(r1,x2) ¥ te(x1, x2)

JH AR B —ME R I - (% - AL (R) — B (F) — B6 (E) o WERERER
T 5 S ) (L B R A

9.5.4 ZBYIH — HIETRETIH

o WUEAIRRIEIH - BORLRGHTICRG IE > EBINBES EAR
o WFI : RARIE > BURSHE KT K AR P =R

9.6 Correlation (FHREH:)

SR AR BRI (T2 ) Pearson AR o ZDRHEE A PR fi——
ST £ B

o BRGSO (1) - HE (0) - ALE (+1)
o FHEREAAHS P AR AT B R B A
o FBRTERES Z AR I (concurvity » 2 BILARVEYE T IHH S EBIS)

9.7 Diagnostics (Z2Hfr)

A2 B 2L

AR (& gratia::appraise @A) @ PRE—EEHEAE ~ Q-Q B ~ BEHTT
W o DU A -

BB FEIE BORG E  BUR(E S TR > BT — 1k 45 FEIRAR S H 4R o BN ASH B IR BB
R A e a4 Il R AR R -

9.8 RCA Adjustments (RCA jff%%)

RCA FHASE AR BR =R BT B (R E / diat)

o Residual Adjustment % (FEZEFFE L) — = RENG S EEKE 2 Lo B
o Net Adjustment % (FiHRE L) ——EFHEAR 2
o Gross Adjustment % (ZFIEE 4 ) AR R AR 4 T

T L [ ) AR v A P P G A R SR > 0 DR ARAR P R U A B 2
FLHE -
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9.9 Anova (% R2¥EH5Hr)

—IRE DA R AT R o 1 GAM HEP ) 2 BORBT IR IRIE S 7 o BURIA - A (2
BORSCHRIR) DL A MBS & -

9.10 Mgcv Output (mgcv ¥ )

JRIASC g - WAL
BritiE

GAM A3k,

BEAUHY print i H

SE#4 1Y) summary (model) i
family B %E b
RS M B

9.11 Sign Check ({F55kus)

HOMEA earthUT #iBhin » 3% H A G UAE SR earth A Y7 [0 BLEAE GAM 77 1]
PELLER -

earth_ direction : &4  RHEIR & (RIS R BAFT B )

gam_direction : JEH - IEWAA (HITHIELE 100 BEABHS LB 1D
consistent : TRUE/FALSE

warning : L A —2Z BRI

MRAESIE B [All directions consistent | (FFA7J7 A—2) BAFFEA— B S B -

9.12 Concurvity (3:iif:)

Seph 2 BIRVEAE T IR B BB S » 3% H B

o BmEARppEE - R4S E worst / observed / estimate =HEEER 0 &S EAE
SEYETE o MEERMARTE © [ (< 0.5) > H (0.5-0.8) ~ 41f4 (> 0.8) o
o WIRILHIM:E - BIEE AR ERE - PRATAE A B BR AR A o
[worst | —H A 0.8 BUBUE R BH > 3% T8 1A o] IR H A FIg TER T HE T > IR FFE
TR ©

9.13 Basis Check (J&)EMER)

mgev: :gam. check () [ HY « SRR T 1 TH 1A 6 JES A BE 58 20 PEAR B o S LTI IEI ki
N kR UL EE/NG p EAFHAIR AR SRIRIEE K & o
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10 FilR

#eA 52 % > Download Output (Excel) (F#{#iit > Excel) #28f (MR 7 &) €its
FEHE B2 W & 1Y Excel §8ZE M H 2016 H 20 meev i H &R -

10.1 i AL

fRASL

basis

SRR IEE . (A SIME)

<var>_contribution

BT ETHBNE A BORK o BB - L) o LR LT
% o

est_<target>

UBTERIGE (BIUI est_sale_price) » 7 HI O FE BHEL R 1 [ 8
e

residual

HEME — FHHE

calc_residual

feB A - EERE — SHERRCA (O aR)

cqa

RS- 5] 71 (Condition-Quality-Appeal » CQA) 4 (0-10
i

residual_sf

s/ mfEff CFEE%E living_area)

cqa_sf

H residual_sf #F)FEIAAEIH CQA

TEAGEBEAT > 28 1 %) ((5{EHAER) B residual/cqa/cqa_sf ¥E %y NA o HIEE T liv-
ing area HANLKE » 54 residual sf [ JFHES
WIhSE L Nikdest ber I —E A a5k o

10.2 CQA 754

CQA. fitdg—FIRTBEE HLELBRIT A BALLE > He 0-10 S HIHEH5 -

« i CQA (% 9-10) : s (B i A THHIME

RATREARIL / AE /W) i

o & CQA (%) 0-1) - ARAZ B M T (E——AR T BE R TL 40 22 B 7 IR 5 1 B
« CQA #ks 5 1 oI AilK
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11 RCA FHHEI T

RCA (Residual Constraint Approach > FEEL W) TAERFETE Appraisal (f5{8) B Market
Area Analysis (TiGRIET) BT ~ MBS 2B TH o (EERLEGAE 1 51 o

11.1 B RCA #3578k

BESEHBER S 8 fith Ay Calculate RCA Adjustments & Download $#48f > €58 ) — 1 #5
BESRE T > Hp s
o Score type (££430#E%) : CQA 5 CQA per SF (5 BEF8E living_area) o #IEFHR
B P 458 T P AR A S AR R 8 S R AR A
e Subject CQA Score (fifEEH CQA £43) : #:52 0.00 & 10.00 Z B HEUE © %L
MR R 28 5 5 TR earthUI #8Y > {RYE earthUT v fiff i 75 43 45 204 BRLER(H & 1 S
B ZE5 e iy A AR o
253 Generate (FEA) AIA[EHEE T # o Excel #R&E AEAPHEZEN mgev #i &k

K (<os>_out_mgcv) °

11.2 CQA R5rAih

L SESE I CQA 154 B sEHk T

2. FAYENTE (approx()) HARAEM CQA (HMLE K —(HEE 2%
3. AR EE = BAITHRAE + W

4. REE Ry O B 5 S (AR A ELA A0 [ 738 22 A R B

11.3 # AL

I ! 5]

subject_value BRTEBIME + NG

subject_cqa i F i AR CQA 155
<var>_adjustment R R — W RBI R (ISETTRD)
residual_adjustment | fH{EFEMEEZE — WL S5 E
net_adjustments S HRTA RN

gross_adjustments 2 HRFA R A AR BHE N

residual_adj_pct B ST B B B 0 L

net_adj_pct TR R A B B E AR E 2 L
gross_adj_pct AR S B EA I E 2 L

adjusted_sale_price EFXEHE(EM + HiHsH

st e A% > et b R —E st -




Valuation Engineer Journal - %5 1 % - 45 1 # - 2026 B = 27

12 GHE et

$HAE LLI A% (Sales Comparison Grid) {£7E Appraisal (ffif#) #F ~ HEsH RCA #
BB - egEAE MR Excel IGEH# - BAEMAMEREZ2H -

12.1 W] R ks Uy B

2% Generate Sales Grid & Download 81t & B —EERE 56 75 BE » 51 H A vl bLgl &
) o WL B RAL

« Recommended comps (FEzEM LRG> CTEHALAE) © A% E < SEEEN
25% > ¥ ERIEYEF (B RITERT) © F % 30 fH -
o Other comps (HABFFLZER] > FEARRALE) © HARA W HLZE) - FAETHREE 2 T -
BEERRI T LR FE > BE Generate Sales Grid B/ n] &7 6 B # o
WHRHIF R . W JHEJS E contract_date Pl living_area o Z i B 45 Bk JH A -
latitude ~ longitude i lot_size——¥W A EMAESMALE L » HIELLANI €/ 22 -

12.2 {EH MR
FEAERE HE S 2 E AR > RERFEAPEA 3 AT L]

o FUEAF - AL (ERE BT LU SR B ik ~ S EERE ~ s H I RUR T s K

o SAHF WAL (RREE - RQEE I ~ SRMIERE CHBRMEIRY - SRHIRT) BRARES (EERAE
W~ ARAERY) - A E R H

o WRUEE  RESFRIE S o BURAHEAR ERK ~ &0 EL S SRR DL K o e A

o BRIEREED - P HORSUE M GEAAR - SUAN (AT AR B2 B AR BL (BIAIR DL ~
anE -~ B

o HAAH  FHPHEE L AP 0 USRS AR > XA W BV ET SR Excel

7SV

12.3 TAERREIEE TS

R LA HR 2 B DR AR Rl > {E8 22 5 Rl ) ML (o A7 AR e BB - 7 BRIty (B E 4 25
HRERY 2 AR B AT > SCOREE T phy 2 SR Bl ) A R e 5
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13 TRk

WA AR AR A Quarto TAERAR » BUR T FIIRRCAS o ) — 5 50y -

13.1 4 1 &% : E4 Quarto 4

Generate Quarto Report (A Quarto #if) ##t (BAEAEZTH) git—HA LS
.qmd 18 AMEFH PR mgev B BRI o A4 Quarto JFIARE ~ THIGIE YLl 0 B KA
% (PNG # PDF) ~ — {3 17 &30 F4% EHAER TR report_data.rds > PLE Y Word
B tH %) reference.docx BRI o HRZEEEHGSH > (RATLITEE e Z Ai#R e . qnd JR1A
i > BUEE BEEAM Quarto SUAFAHE LA

; ﬁﬁ%ﬁééﬁ@ﬂ%ﬂﬂafﬁ%@% s B OLIR B E YR > A E A —RAGALE > £ Hak
oy BRE AR -

13.2 % 2 4 : R Quarto sy

Convert Quarto Report (% Quarto #ty) /N quarto: :quarto_render () fE—1f
.qmd F§ ZIE YR —fE sk SRR A% o BRI MR E A INE A > {H Browse (B1H) #%
S AFFRRIBTR . qnd fES - WK A =M

« HTML —H & H) HTML XXF o £ A6 LA > SERESMRA: o dfiES
THBEIH -

« Word (.docx) ——fli I BE EL 1R 1) reference.docx BEMIMRIEYY © i & AR HE B /) 58

« PDF — %K LaTeX (2 R FXMRLTHRK) - HARMEHE LaTeX > PDF #IHE
H BB R % -

BIH— 4 A 15 Y%y render_gam_report() i export_gam_docx() A% » W HtFE Rk
A

13.3 b M
JE A T A4

o BORMESBY - ZORMEZ » HEASE > family ~ method LLEZHES R

o FUUHZL: R?~ CV R? ~ CRREREZE - AIC KAHBII S TRIE

o BIRIJFAE  BRITRR > HopoPIBIEM f RUSREOR ~ RRIEAT L BEUR B IER-T I R
SEF o BRI PDF @i 2179k -

o fHEFE  FEIH (EDF~F o p fH) BEBHOE (EHE -8R -t p (H)

o CRUAMZE - BRI PSR RS BB R 73 58 FLIHA AR IR (S 7EA7 765 H IR I B
~)

o BEWEEWE M P SRR ORI 5[ (B80H) JPmRRE

o FIRRUE (rABREIR)

— HgEerEE (RBIXEITEH ggplot2 FREEIRAS)
— HFTIE Y 2 A5 [
— ZHEE (i B te JH)
— S8R (BEE R ECRSE > K2R R AR )
T SORE R
W BEFERS W L R B A 3 T I R
mgev fRE - CHEA R ST RO T
FLRMTER AR SR RAY RN o S i P R R R R
JINEH1% > Generate Quarto Report 141 F&r ¥ —1F 3 25 5% -
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14 B pR

mgevUL o DI EHEA GAM [J)°F- i bR % 2855 5 B A2 NS o IS T — 1A
200 Bhgarg FoRAE - W DAAEARE AR ERIE R E Y o M A TTYE R Z5MEH - BAK
#H mgcv o

TEEFTRRA o R AR A Ty SO T Y o RE A B B R — S
ERE (1 fit_gam Q) @A) » WEH FlifE £ -

o generate_r_code() > generate_python_code() Hi generate_cpp_code() —&KiEH
R

o export_functions_sqlite() ——SQLite 7 % &K}
e export_functions_zip() o8 U FEAS ST AL AT — 1A zip R4

14.1 R g

f%4% : gam_functions.R

SHFRREAR > & ESA - R? ~ CV R? BRI A -

—{# INTERCEPT @,%z

BB g A OB E—{ approxfun () » WTHICHEIFH x/y & -

AUETHRE B A FEIEAL I -
A HEEE ~ /818 g_var (value) PIK B coef_var * value A/ ©

14.2 Python pR#
W% : gam_functions.py

numpy [ AFEH]

INTERCEPT 3 o

R EEE © _x_var Bl _fx_var [ > DIXAHH np.interp() A g_var(x) PR -
LM TERE L) COEF _* H#B4 H o

14.3 C4+4 FEggks
%% : gam_functions.hpp

{EEFEYERE » 6] #pragma once °

gam_functions fiy 44 2¢[#] °

{#iF] std::lower_bound HJ interp() HBhpK#HL -
E S HOEE © — {7 static const FEF K] A kK o
BVETEZR B L, constexpr double JEFAAH o

14.4 SQLite &R}
FE 2 : gam_functions.sqlite
o X smooth_grids : i (variable, x, fx) ——HJl 200 Bi# % -
e F model_info : response > r_squared ~ cv_rsq > dev__explained ~ aic > n_ obs ~ family -
method ~ formula °
e 3 linear_ terms : variable - coefficient o

¢ intercept : EIE(H -
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15 Hi earthUI ] glmnetUI fYEL#R

carth [ A% 3 B 15 i B ASLARL A Al — 28 P 20 B e A ) T RL A o B (P 3E AT ] ) A% X
FEERIALEA ~ RCA TARGURR SR GE ORI 48 > B AN IR ) A 5 2

15.1 FHEER

Hppe mgcvUI earthUI glmnetUI
Tk GAM (mgcv) MARS/Earth (earth) | A% (glmnet)
BARIE fE RRGEIF ks oy B aE A
Eedgties select=TRUE W4 B A5 B Lasso & &j
R HIA RERE (te/ti) Eep R BORAE (23 GIGES
R&)

T 35 e ?%ﬁ@?ﬁﬁﬂ@??ﬁfﬁﬂ g K (2B ArERLR
carth Jiif% 7 carth FE A Hfi B i B 1) 2 I FEE A S22 6 bR B G
FE TS FE R ~ Python » C++ ~ R ~ Python » C++ ~ —

SQLite SQLite
AR Word ~ PDF - HTML | Word ~ PDF ~ HTML | Word ~ PDF - HTML

A1 earthUl MG ZREA—IE © earthUL S/ —HEBIER Prolog/DCG ZhfE » w[
i A ST MLS ek SR B ALl A B e g 1 -

15.2

AR

AT HRARRA -

15.3

LM regProj BEM (FHR Ay ~/regProj) ——EZE ~ M ARE S LKL TT 2:9) B Wi
HFE [R) T FE 2 TR 36

CSV Hi Excel [ A » W4E snake case Wi 4% 5# 4

7% 30 ZEREFEEEEEE > 2 CSV 4 FRAF ~ /N BT 57 BLAR 5R R~
RN e € (contract_date ~ living area ~ area -~ latitude ~ longitude %)
R EIEHE H B Bt 54 sale_age

et/ By (Nord F:3H)

R EMRE AL (SQLite Bl / B localStorage)

FHEAVEZAE ~ ST - 2

CQA 374y 8L RCA FH% TAE 72

AT L 22 s R AR X AL Excel By H 78562 Ll 4845

MR —#REERE (Appraisal 1.csv)

BRI LA

Jefl earthUT 38 s 248 0 ~ JRARMEBIRBLAZ AR - earth 1 H By AR T iAW
LR o

i mgevUI KL > WUERIRA B2 P AR ZUE o [EA earthUT ) #fi Bh R wT i 4%
i glmnet UT » 5 R B {18 0 S8 oS 152 Bl R BORT SRA0 TR AR A AR R S T I

LER By R BRI =3 > LIRS R ARV A B S A M R A (A5
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16 ~EIEPRME : Appraisal 1.csv

16.1 HMW

2 EORHE B earth UL 1 glmnetUT L[] o ‘BAL7R mgevUL JFARHGHYT demo_mls/ ¥R}
H U S earthUL > HIB[H -

demo_file <- system.file("extdata", "Appraisal_1.csv", package = "earthUI")

A R E A 1,500 MRAEEH R > BUH —H AR MLS [ - SRR ARBYE LR 2 1
AHARE S o BORMUSE 8 2 W5 B L e > A E AL -

B > AT LS A o

AE

APl BRI AL AR -
A IEFE R > B RALIN R E B A FER A IR R A o BT Al B el Ry sl i

16.2 AL

RS

sale_type character | sale_type A T4 Ay AE F B v s B 5 ) AR R B R 1

weight numeric weight BIHREER (0 = AZ2EES)

id numeric display_only N ERECEE 1D

property_id numeric display_only MLS A8l 3% 5 g

listing_id character display_only MLS /34555

parcel_number character display_only PR EE SRS (APN)

street_address character display_only ANEhEE HhtE

city_name character display_only i

postal_code character display_only IR [ Bk

county_name character display_only Hz

contract_date Date contract_date | $HEAXIHM (HAGFHE sale_age)

sale_age numeric — REX HIA R EREEH ) RH (CHEERSD)

coe_date Date display_only 2% H

listing_status character display_only HMEAREE ()0 TSold ) » BV )

sale_price numeric (H 1) SEER— I s

rent numeric — Af4 (H% HIERR)

list_price numeric display_only B ES

original_list_price numeric display_only LG E RS

living_sqft numeric living_area PSP J7 g R st a0 48 B A

ppst numeric display_only R T7 e R BEAE

beds_total integer — Fak ==

baths_total numeric — HndEE (Flan 2.5 = 2 [AE&f + 1 {FEA)

lot_size numeric lot_size PLSFT7 95 R ) Hb B8 1

area_id integer area MLS [ 355k 5 i

area_text character display_only T 38k 42

age numeric actual_age PUAESTRY ASEh 2 A i

year_built integer display_only ARy

latitude numeric latitude HE (AFGIUETEAZR 3 (/N

longitude numeric longitude BE (ARSI AZ 3 fi/hg)

latitude6 numeric display_only Sk R R

longitude6 numeric display_only Ny Y

garage_spaces integer — B L 8

fp_count integer — B

no_of_stories numeric — 18 g

style character — 3t 5K JR kS

view character — SEREA (4 T Neighborhood | &% ~ THills) [
=)

days_on_market integer dom T I R #g

listing_date Date listing_date B H B
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e RS

sale_concessions numeric concessions =

> oo

16.3 gAY EF55R

1.
2.
3.

ootk

FiE) mgev |2 : earthUI::launch_mgcv()

TES 1 fihHrd—E &% For Appraisal [JE %

U Appraisal_1.csv A RZ BRI A BRI > AT 2 fip iy (D ZIRp R
Refresh)

B4 sale_price YEZy HAFEA

MFLFIRFAEE > A1 #§ Response Transform %4 Log (natural)

i R RTRIR R R Y

A LU FEH S8 : sale_age ~ living_sqft > baths_total ~ lot_size > area_id (ff
£ F) ~ age > latitude ~ longitude - garage_spaces

AR FERGKE  REML ~» gamma = 1.2 ~ tp )& ~ k = HE) ~ select = TRUE
. BhEE Fit Mgev GAM Model

10.
11.
12.
13.

it Summary ~ Contribution (CE¥EJE) B Diagnostics B %
THEE G574 kit CQA HE4

LI ~5.00 By CQA 15343515 RCA §A%E%E (38 8 &)

FH AR v] L 2 e A gl Lh i Adg (56 9 )
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17 FRHH RGOSR

17.1 ZZRNFER

mgevUI AI7E macOS » Windows B Linux F#fT o A ERHFEFE macOS fit& RStudio Ay
BRI > WEEAERZIRIE I o PR HBAR R RN S -

17.2 R WA

3R R > 4.1.0 - 5850534 ff] RStudio Desktop (2023.06 B H HikA) —— & H# Quarto
i pandoc (JEYHRAG AT ) > A A RUEIAS AR SR 0L TR AR R -

17.3 HHH R B4

PIN B ERAHIREN A 8

£k ik |
shiny Web i F 2 CHEZR

mgev GAM BB G

valengrCore IR EZG BRI ~ carthUI B2ENTH)
ggplot2, plotly i B B ) X K

gratia P TEE I

DT HEA BRI

quarto, rmarkdown | Quarto #g45 ) jEE A B e Gy

readxl Excel #&ZE A

shinyFiles GES S vl &

RSQLite, DBI R EHEZER)E (SQLite)

jsonlite SEHUR SERY 751 4L

17.4 JERIRKEMN

JLft o] B e 22

LaTeX (TinyTeX » MiKTeX & MacTeX) | {#EF R EA PDF 4y o 2 AR{HHIF] LaTeX 22
4¢ > PDF #IHE A BfEtg X Thi g
ZHEFES  tinytex: :install_tinytex()
sysfonts 4+ showtext fit goplot2 [& FEA# H #) Roboto Condensed
B o AN BRI RESIREE > RS

earth (> 5.3.0) fEAEMEH] earthUT FE A BHE R 2 o B i
SN

callr BRERES (RPEHAEXRNRESE) - 1A
BRHEAH ST

writexl, openxlsx Excel T# (#%EH ~ RCA ~ #5E494%) < 8
b I P AR & i -

bslib Bootstrap 5 F @ (Nord Light/Dark) °

officer B m#E X 4 Wod [E H

(export_gam_docx()) °

17.5 BESHEBMRR A
17.5.1 macOS

MR - R EEHEM H Homebrew 2245 - 5 PDF #i4h -
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# In R:
install.packages("tinytex")
tinytex::install_tinytex()

17.5.2 Windows

fii & RStudio Desktop T R If o ZLEL :
o {3 ZMRMRS AR H SR E SR SR B BRI > 5E B RE AL B G EE A T
el - IEFREAETE R 5 & hBRES > (AREEIIT - HESRHERE -
o LaTeX : ff R HrZ2# TinyTeX (¥4 EL F X macOS #[H) » 5if¢ miktex.org Z¢#E
MiKTeX o

o BRMRESREK : Windows £ 260 HF TSR E LR o 3E0RFr TAE B SRB 8185 -
17.5.3 Linux
BBATIRZ M 228K o Ubuntu/Debian fff i # 7E4R 3% R £ Z 0] e 2050 R E -

sudo apt install libcurl4-openssl-dev libssl-dev \
libxml2-dev libsqlite3-dev libfontconfigl-dev

% PDF #t 4 : f#i | tinytex::install_tinytex(O) > Hft RZL EFE M s L
texlive-full o

S 4 BER B A A BE AR IR 25 > plotly BB =X B AE #E b gy LR RE B AR R iR I8l 7 RIE
Yu o Shiny JiE 2 AR S A7 2 — 1 48 B ) e ik o

17.6 [EAHERERR
mgevUT # st H B AE 72 ik 4128 T ST It BE TAF -
s B oA
& LaTeX PDF 3#IAfE H S ag A MR Birp g2k - HTML B2 Word 175
SRATH -
fmdgss | FRIEA R Roboto Condensed -2 i 7 &t MR AR - AR - H220H 65 AT 8%
— IR E G
i RSQLite / MEFEMER RS | SENAFEGREMAT - R G BRES - BRitZ/HERERX
IEH#T -
gratia::appraise 2R W B H B BN A AL AR e W PR FE R B A
mgcv: :gam.check() e
Y7 H AR o EE A SRR > WA H A ERD SRR EREL o WE R 8 TMPDIR
BRI S BRI R L B AR SRR o

17.7 BEHEHRR
17.7.1 [PDF option is not available| (PDF #EIEARH)

A B LaTeX 2288 o 357 R F¥UT ¢

install.packages("tinytex")
tinytex::install_tinytex()

RIEERUE N - PDF 2EIEfE e B -
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17.7.2 [Settings will not persist | (i EWMAEEELF)
SQLite Bk} H SRV T BRI E A o whtea LN AL ERRERR

o macOS/Linux : ~/Library/Application Support/R/mgcvUI/ uf ~/.local/share/R/mgcvUI/
o Windows : % APPDATAY,/R/data/mgcvUI/

17.7.3 [Diagnostics plot unavailable| (ZZEEAr]H)

gratia::appraise ) PRBCFERMERA (SFF L RBHIH « RN ICHR) LEATERK - &
R TN L - S - fE R HEH G AT ngev: igam. check(model) LIELHAR
M2l o

17.7.4 TReport error: number of items to replace... | (38850 « FREHRAEE---- )

i FRRA —E B gratia BAFHHBIR CRIME o GEREOR IR SEA) 2 BB RA AT mgevUT
AR M i St o A A e IR 2 B R — IR R -

17.7.5 7880 i S ils
MR 7880 ARG (ORE L—K&5E) MEERE) > FHT

# macOS/Linux:
lsof -ti:7880 | xargs kill

# Windows (PowerShell):
Stop-Process -Id (Get-NetTCPConnection -LocalPort 7880).0wningProcess

17.7.6 1£ Linux 23800
il /> R B o 552 1 3C Linux —#i Fp 51 ) B BE AR BEAE > ARB BB #{T install. packages() °
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AR SR CEARR) B CPRR) Sl ORI RCGEER

A 1,650 9,000 A RIF  $1,425,000
B 1,650 7,200 i RiF $1,280,000
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B SR BT R AN > T DIAE TR ; R RS o WL s EE S o 6
001 FZEA LM A B B Z M $145,000 A z(8 > A4 HMR AW IESE CRBIEME) A40HE—
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HE A% 22 %) G Bl B R e P ME Rl 5 o 166 B 003 2 ik T A e 0 (S R e HE — [ R O =X -
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A $18,000 AR o H 005 ¥E R HpIERBE AR > WG 52 8n 1n O B > AR HE
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W% ERHE T EEAR A A7 E B > 518 % shared/data/pacifica_comps.csv > fiA EHEB]
AR AR REE R -

nAT BRI A
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ARARAEAGIE GEBEREZY B S R BRI ARG - Z2FHARR ~ DRIFIEME ~ WA ~ BimsE
SR ~ TR > DU TR o AP A B T A B T 3L TR o O Rl O (A IRl A AR
SRR > 2HC PRI R AT AR R o

AIHNEEE -
1. BUE MM (Heterogeneous Good) — {8 77 i Byl Wb ZEAFAE o
2. HH# 2= (Characteristics Space) — B E M M B FER o
3. B fEM K8 (Hedonic Price Function) e R L 2 AR PO A T LGt o
4. FEEEM (Implicit Price) ——JEEFET) 12 BT 5(EHS o
5. FRE{EME R (Hedonic Regression) ——EIHIZE 5 W AlistaZ i 8 > B 52200 R B A o
6. & (Latent Variable) ——f¢5878 & JF A GRS FHIE o
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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, 74(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

fif$% : Prolog R4t

VAN B T sl BCEAE 28 (000-overview.pl) fEASTIH Prolog Ml i rh Ao HAEFT T AL - %%
[F] A 2% 7T 81 B Prolog IRANHEAR S — 3847

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)

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.

P P A A P A A I X P X X
o O ° ° o I ° ° ° 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,

o° o°
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"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).

d° % d° d° A d° O° 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

d° 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.

o % A° I A d° J° P 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.
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.").
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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° d° 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 o° o° o° 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).

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
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<»D0OIs with editorial note.™) 1).

FUTURE DIRECTIONS

d° o o° o° o° o°

Concepts the editor flags as deserving treatment in future Foundations
issues. Recorded here so the journal's planning is machine-queryable.

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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F 0 $145,000 F{E A% 22 1 i 288 P A B o B R —— e 11813 35 (A% A AR AE [F] — (B LS 2 o

ke E AR RN > HEESHEY > R RO S TR o A SRR E A R
B/ SR ~ KHBR /NIRRT A A A B o A S S AR B 4R W LA B - R S B
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BE M -
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.

AAXEIH - BEZEM (characteristics space) 5 ¥BEM KB (hedonic price function) ; F&S B

(implicit price) o

Ff#% : Prolog JEx{b

DI 2 BB ERE 2 (001-heterogeneous-good.pl) FEASTIAY Prolog ik dh ¥4 H T TR
fE - Beli RS2 ISR Prolog KUKBEA S -84 <

001-heterogeneous—good.pl

Prolog companion to Foundations Vol. 1, Issue 1, Article 001
Title: Heterogeneous Good
Author: Bert Craytor
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.

A P A A P A A I X A P X
o ° ° ° ° I ° ° ° o ° o°
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d° o o° o° o° o° o° o°

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").

A° ° A% A° A° A A° A° I A° I A A I° P I I I X P I X ° I I ° I P N

——— 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 1).

:— use_relations([related/2, depends_on/2]).

o° o° o°

a
a

ARTICLE SUBJECT

rticle_concept(heterogeneous_good).
rticle_issue(volume(1), number(1l), year(2026)).
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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.

A° ° o° o° o° J° 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.

d° A% d° d° P o° 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.

d° % o° o° o° o°

heterogeneous(Good) :-
buyers_value_multiple_attributes(Good),
attributes_bundled_by_production(Good).

INTUITIVE FRAMING — CONTRASTS WITH HOMOGENEOUS GOODS

o° o° o°

\id

5 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).
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).
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% 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 o° o° o° 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

o 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.")
> u
defensibility_consequence(reconciliation,
"Choice among approaches reflects which best navigates THIS property's
< heterogeneity.").

% Root claim: valuation methodology exists as a discipline BECAUSE
% real estate is heterogeneous. If it were homogeneous, value would be
5 directly observable from posted prices.
root_claim(
"Valuation methodology exists as a discipline because real estate is heterogeneous
< ; in the homogeneous case, value would be directly observable.").

°
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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° A% d° d° P O° 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').

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)]).

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° o°

INFERENCE RULES

d° o° o°

! comparable(?A, ?B) is nondet.

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.

d° % o° o° o°

comparable(A, B) :-
property(A),
property(B),
A \== B,
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in_market (A, M),
in_market(B, M).

! attribute_difference(?A, ?B, ?Attr, ?DA, ?DB) is nondet.

o° o o° o°

A and B differ on Attr, with DA the value at A and DB the value at B.
Use this to enumerate the dimensions on which two comps actually vary.

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° d° P 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).

A° o° o° o° o° o°

cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).
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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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AXBIH: BEBEMN (heterogeneous good) ; FREIEM KIS (hedonic price function) ; [EEEE
(implicit price) o

Ff#% : Prolog Bt

DL RS Bl BAE R (002-characteristics—space.pl) FEASTI Prolog ke vp 45 H T T2
Ak o B%HE S IF] VR 2 AT B BE Y Prolog MUASBEA SC— (8847 o

002-characteristics—space.pl

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 I 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(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).

9
depends_on(characteristics_space, heterogeneous_good).

d° A% A° A° A% A° O° I P O° O° O° O° o°

:— use_terms([ characteristics_space, heterogeneous_good,
hedonic_price_function, implicit_price,
comp_selection, sales_comparison_approach,
real_estate 1).

:— use_relations([related/2, depends_on/2, generalized_by/2]).

ARTICLE SUBJECT

o o° o°

article_concept(characteristics_space).
article_issue(volume(1), number(1l), year(2026)).
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R EZE

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°

o°

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° 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).

% 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

d° o o° o° o°

Mapping appraisal practice onto the characteristics-space framework.

practice_to_space_correspondence(
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R EZE

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° o° 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]) :-
coord(P, gla_sqft, GLA),
coord(P, lot_sqft, Lot),
coord(P, view, View),
coord(P, cond_numeric, Cond).

THE HYPOTHETICAL SUBJECT

d° o o° o° o°

hypothetical_subject(subject).
attribute_value(subject, gla_sqft, 1700).
attribute_value(subject, lot_sqft, 7500).

The article tests distance metrics against this hypothetical property.
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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° J° 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° ° P o° o° o°

claim(naive_metric_misleads,
"Unscaled Euclidean distance crowds out small-range axes (like view) under large-
— 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,
"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 sqft
» 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

d° o° o°

%! same_point(?A, ?B) is nondet.
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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°

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|_1).

CROSS-REFERENCES

d° o° o°

cross_reference(heterogeneous_good).
cross_reference(hedonic_price_function).
cross_reference(implicit_price).



The Valuation Engineer o ILHEMES (Foundations) A PR B

R PR
e Sl
FLREME S (Foundations) e The Valuation Engineer

Bert Craytore 2026 4£ 8 H 4 H

R4S 1.0.0
DOI: 10.67330/9x1a0489

FRE PSR > N R B B I AR AR R AR 5 SRR AR AR o

e o FrEERK K (hedonic price function) J ¥ KB 7 iR 22 I H ARG B BSC (B AR PR 2
MRt > PSS I b T (R S T R R ) LA R

EUBIRRE o MBS TWEEER  BER R REIALS) SRR (RHEAL SR H R
R ZE ) o FRLAETAR R O — B A AR o ER R R T P R R 2 BT B AR Y R
p(z) » EFRRM TS 5 B AR E YR A S A 2 A

Rosen (1974) HJBHHEN AT : p(z) A2 HAET AR B 75 808 77 2 @ /Y > T e viv 35 395 v
BB o AR B 7 #A —H B R B (bid function) » FEEE HRIF BTG4 E TSI T » JH
B — M ST IR R (EA o SRR T #0A (B ZE R (offer function) » FEEFEH A B
T REERTEDL T > B HSZ AR EA o FFEUERS o o5 28 B S i —— H 5
BB P2 A -

HABEN S » p(z) FERREE EME - WRRESE —EEBNREAS - TS RER
HIAT RS 2 B RAIAER o B 71735 b 2o S 7 0 AR 8 1l Aoy B 4 8 5 07 0 A A B AR
Jr%& - AGKS i 7 BRAH A A S BT VT RO AC TR Al

RF BB M R O 5 L (EAR AT A O B S R o B (AR B R AL o RF LB M i i 3
RS BB AL AT o AT S B Lo 2 0 T Sl e o A S T B A R T — pR R — (R i -

AR T IEB 2 o A BRI A FES pz) EATHER—RE > B BAM e AT -
T BB B0 S A R S PR R A

T35 LRk R R o Al (R B A (S S R B T L ) B A s AT EL S B B
$100,000 I - ft E AR = —EEIR p(z) e - MEHAMSE R AIHR T - 5 RBUE
BIE 0 8% 1 IR > pRBE IS N $100,000 ° jE 2B p TERBIAEE_ERERRIAR M B -

FAGAE T 15 Z T WYRRAN o A TR A R i _EASE E (AR R o I AR A A AL S A AR
Wtk i AE B A A (B (E > I7EXS AR AR T 3R i St AR SR B B R Y AL S IO (B A © a5
3 H LB AR 0D A 4 PR BB A 52 v R IR, © (BRI sG h » ZFET VEIEE B0 p(2)
AT B R o A BRI o i 00 2B A T VAR A {3 SR A R 2 T iR o
FA R B AR 5 T 5 o

35 A SR 1SR B o BEE R4S - F5oR Rl ST S AL > R RS oR Y B R ) 9 A RS
B o 44F 6% WIMIERIEET p(z) BEAFTR B A 5 1 A7 B 00 AN Bt R B A B)
FERGE R ) AEEEE o BB o SO R R 28 W IR S R B e

BT BT R o PAMEES AR EEAS R B > T LR A AR I T S

PR AFAE ? Rosen MEZRB @ AE —Hig T s » B o B LI A6 sk ol B3 - R
GRS » el E LT > S BRI T > R R WA BN R E o
FE IR T 35 v S0 0 0 O AR > L TR — (R A TR B ) B R JE B AT Y o

PRI 75 BE JE A ] ? Rosen FAIHEZE A A 17 35 15 B 40 HE — M R B > 10 A2 2ol — {181 pR 8 AT VY
JEF (Pacifica) HLEE4 I (San Francisco) AR > &6 AR A4S EUEAS R s B 7E R
—JBERE TN > B R BN E R E W AR KT o AS TR BRI AT > R R
B MR B ) — (R B S R 2 > T SRR o

1



The Valuation Engineer o ILHEMES (Foundations) A PR B

p BT BOE K ? 3% R R AR AR SR H AR 2T © Rosen M@ T p 2
H BB AR 5 B AR E IR © K888 L > p RBUMIEARME OBl — I Rk 2 0 a2 B R A
e ERE T AEE) ~ REAFA GROBURL R R R ) LUK BR(EAGE (A S — b B PIA AY
J55 55 FT BE 4R Sl SRR DL ¥ 0 AN L B BT () o VT Sl ) i et 2SR 2B R P RE S0 i 35 b A 2 S
PR BOE 3 > BB RESAE OB H IR I R SO AR ISR Al st i o

AT o BRI ZER A VY IERALTE BI85 ] B AN R OB > T — e E A%
BEHARH 85 AR -

p(Z) = 60 + /BGLA ZaLA + 6101; Zlot T ﬂview Zview T ﬁcond Zcond-

jE AR TR E R R« AR B R HOK R AR > HAA R A AR -
AR I AR T A B - AR O 5 BAMERAS AR R B R ER A
B AR T < ) p ) B AT EL 2 ) - R AR H B A Al et th—A4l 8 B > A EIREUN R B

#
28 st E
Bo (#KEE) $80,777
Bora (BPAHER) $575
Brot (FPITHR) $22.70
ﬁview (ﬁ/ﬁ}) $86,179
5cond (‘E%&) $49,824

i LB AR T N3 > 5% bR A58 T 2% DU A e 2 ) o PR AR AP — R T A o AR T L 22 491
A A > A5F] ) TEEIE RS B BB ) $1,425,000 5 RABLR (1700, 7500, 1,2) F{BARAL (%
g AR B0 A B E R e s -

A H B EERANTE i S BT > MRS B — 2 - FERRAMIERTE A > 5% ek e Js
FREAFAE o BRBORTIGH B o TR EHRE B —ME W o SRR TR A ER
A R B TR > T AR ER) AR i ) A A £ A M e Al — R e o

2% K °
Court, A. T. (1939). Hedonic Price Indexes with Automotive Examples. In The Dynamics of Automobile
Demand. General Motors Corporation.

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 Indexes. OECD
Publishing.
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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

R A I 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(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° I A A° I I I° I I ° °

:— 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°

article_concept(hedonic_price_function).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.003"').

LOCAL VOCABULARY

d° o° o°

local_term(equilibrium).
local_term(envelope).
local_term(functional_form).
local_term(market_segment).
local_term(linearity).
local_term(separability).
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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° o° o° o°

primitive_of_construction(bid_function, buyer).
primitive_of_construction(offer_function, seller).

constructed_as_envelope_of(hedonic_price_function,
[bid_function, offer_function]).

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(
time_adjustment,
market_analysis,

"p shifts over time; appreciation rates are statements about that shift.").

DEFENSIBILITY QUESTIONS

d° % o° o° P o°

sharpens.

defensibility_question(function_existence,

The article names three questions the hedonic-price-function framing

"In thin or rapidly-changing markets, the equilibrium function may be poorly

< defined; the inferential machinery operates on a shaky foundation.").
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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° % A% AP ° ° d° o° o° o°

:— consult('../../kb/pacifica_comps').

specification_form(additive_linear).
specification_assumption(linearity_in_1levels,
"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),
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 BO + 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
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; 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.

A° ° J° 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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RANFH: BETEM (heterogeneous good) 5 ¥ ZEf] (characteristics space) 5 $5BEME KL
(hedonic price function) ; ¥H{EMREE (hedonic regression)
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004-implicit-price.pl

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 I 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').

term(hedonic_price_function, ...).
term(paired_sales_analysis, ...).
term(adjustment, ...).

formalized_by(implicit_price, rosen_1974).
depends_on(implicit_price, hedonic_price_function).

A° % A A° A° A A° I A A° I I I° I° ° 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]).
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% Provenance: the term originates with Rosen (1974).
formalized_by(implicit_price, rosen_1974).

ARTICLE SUBJECT

d° o° o°

article_concept(implicit_price).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.004"').

LOCAL VOCABULARY

o 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°

n_i(z) = ap(z)/9z_1i
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)

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 is 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,
"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° O o° o° o°

adjustment_as_implicit_price_application(
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"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:

d° 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).

A % A° I° A% A° A° I O° 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
% 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
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A == view, V == yes —> N
A == view, V==no ->N
V=N

Inn
[any

~— s o owa

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.

o % o° d° P 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.

d° 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

d° 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.").

CROSS-REFERENCES

o° o° o°

cross_reference(heterogeneous_good).
cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
cross_reference(hedonic_regression).
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R #2350 ¢

comps <- read.csv("shared/data/pacifica_comps.csv")
fit <- 1lm(price ~ gla + lot + view + cond, data = comps)
summary (fit)

Wt -
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(>|tl)
(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: O '***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

FRRE o eSS R RS R Bl T A
P(z) = 80,777 + 575 2G4 + 22.70 210t + 86,179 Zyiew + 49,824 Zeona.

AR BT R Y B S EAR AN A o R Ty e RE MR $575 (REMERREAE - B3
PgR) 5 S A — NP IEE R E EEA $86,000 ; MRIMBIRF—4& (Flanse TRIE) 3] [
75 1) #11E $50,000 o

HTEEFE A

BRASAE /N o N\ AEEIH ~ DUE TR S > R SR 2 H B - AR MERRAH AR 7L > HuBR -~ R
R p (EEETERTE LA FIEH > ARERFHMN 0.05 Mg o B2/ MRS > TiARE
SO R R B E o A 80 EMIE 8 MBI LLEH > p (EAF KIELE /N

HBEEAIRE o PHEEE R? = 0.93  #R p {4 0.012 > FHARTA ARSI A 1R T A K
TR (ES S B o WA PR A vl IR B M AL A > B2 LSRR OB EGREE B e
LEREVERY  ESETERE ~ MU ELARDUAERE A L[R2 ) -

—EEEI RN - IR ERE +846,455 > $HE W HL G H o H A& L5 25 2 3R 7
+$18,000 FITE A o AT EL ) H Y A5 4520 A B A bR S 3 MR HABAS ) R
Al # TP R EN =4S -

i (E AR 2 N R R, o B —EFRSE - LR H A SR IE AR B R BOE DAY A S i v
R SO HAEMS VR BB o VBB B Sl Em i I8 — IR -
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Court, A. T. (1939). Hedonic Price Indexes with Automotive Examples. In The Dynamics of Automobile
Demand. General Motors Corporation.
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RAMEIH: BEWEM (heterogeneous good) 5 ¥ ZEM] (characteristics space) 5 ${B B K8
(hedomnic price function) ; BEEB#: (implicit price) ; V&880 (latent variable) °

Ff#% : Prolog Bt

LUF #es T iL 16 %€ (005-hedonic-regression.pl) FEATIIH) Prolog Kl i A4 HEAT 7K
b o RZREFR IR IR 2 AT I B Prolog WA BE A SC—ff 884 -

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 A P o ° 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(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, ...).

d° % A° A° A% A° A° A AP O° I° I° O° o° o°
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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).

d° % o° 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 ]).

:— use_relations([related/2, depends_on/2,

introduced_by/2, formalized_by/2]).

ARTICLE SUBJECT

o° o° o°

article_concept(hedonic_regression).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.005"').

LOCAL VOCABULARY

d° 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).

THE EMPIRICAL BRIDGE

Hedonic regression is the bridge from theoretical p(z) to a sample of
observed (z_i, p_1i) pairs.

d° o d° o° o° o°

setup_of_regression(
each_transaction_supplies_pair("(z_i, p_i): characteristics vector and sale price
c }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
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<> 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

d° 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

d° o° o°

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)

d° o° o°
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:— consult('../../kb/pacifica_comps').

% The fitted model.

fit_call("Wm(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 1 ) .
fitted_coefficient(gla, 574.93, 109.76, 5.238, 0.0135, 'x').
fitted_coefficient(lot, 22.70, 10.38, 2.187, ©.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

o° 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
— 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° A% d° d° O o° o° o°

confirms_paired_sales_from(entry_004,
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"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

d° 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, _, _, _,

D;
fitted_coefficient(gla, Bg, _» _» _» _),
fitted_coefficient(lot, BL, _, _, _» ),
fitted_coefficient(view, Bv, _, _, _, _),
fitted_coefficient(cond, Bc, _, _» v _),

Predicted is BO + 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

).

CROSS-REFERENCES

o 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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AAXEIH - FEZER (characteristics space) 5 ¥EEM KB (hedonic price function) ; F&S B
(implicit price) ; FEEUERGEEE (hedonic regression) ©

ft#% : Prolog £k

VU HES T BCE R %€ (006-1atent-variable.pl) fEASTIM Prolog ksl Ao H AT TRk
%R 2R Rl IRE VR 29 T8 B Prolog hUABEASSC—ff 88 A -

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

R 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(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° A° A A° A° A% A° A° I I° O° O P O° o°

:— use_terms([ latent_variable, residual, omitted_variable_bias,
proxy_variable, residual_constraint_approach,
characteristics_space, hedonic_price_function,
implicit_price, hedonic_regression 1).

:— use_relations([related/2, depends_on/2,

introduced_by/2, formalized_by/2]).

ARTICLE SUBJECT

d° o° o°

article_concept(latent_variable).
article_issue(volume(1), number(1l), year(2026)).
article_id('foundations.2026.006"').

[)
<
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% LOCAL VOCABULARY

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-
<svariable view treats them as a mixture of sampling noise AND signal from
<+ unobserved attributes.").

THREE CONTEXTS WHERE APPRAISERS ENCOUNTER LATENT VARIABLES

d° 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.").

DEFENSIBILITY ISSUES

o° 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
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< 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

d° 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
< coefficients 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
<~ 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° % o° d° o o° o°

framework_reference(residual_constraint_approach, craytor_2025).

rca_intuition(
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"Treat the residual itself as a latent-variable signal to be modeled rather than
<+ 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
<»against 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.

A° ° A° o° o° P oO° 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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