The Valuation Engineer e Foundations lerornteckas: perpeccust

I'enonnyeckasi perpeccus

Foundations e The Valuation Engineer

Bepr Kpeiitope 8 aBrycra 2026 r.
Bepcus 1.0.0
DOI: 10.67330/ams1t139

Pyccxuti nepesod, nod2omosienHnvill ¢ UCNOAD30BAHUEM UCKYCCMBEHH020 UHMEAEKMA U NPOWeIW UL
PEJAKUUOHHYIO NPOBEPKY; GH2AUUCKAA BEPCUSA ABASKEMCHA OCHOBHOU.

dopmasibHOe onpeneseHue. 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.

WNuaTtynTuBHOE mpejicTaBijieHrne. B npeaplaymux pasjeiax refoHudeckas (MyHKIU IEHbI U eé
HesIBHBIE TIEHBI PACCMAaTPHUBAJINCH KaK TeOPETUIeCKre OObeKThI. DTa (PYHKIUS CYIIECTBYET B IIPWH-
[uIe, HO Ha MPAKTHKe Mbl HAOJOIaeM JINITh KOHEYHOe MHOXKECTBO CIEJIOK: TOpPryeMble HabOPBI
TOBApPOB W IIE€HBI, IT0 KOTOPBLIM OHU TOPIyIOTCs. ['emoHmYIecKas Perpeccusi CIYKUT SMITUPUIECKAM
MOCTOM MEXK/Iy 9TUMH JIBYMsI ACIeKTaMHU.

Cxema mpocra. Kaxmast caenka npemocrasisieT napy <« (z;,p;)»: BEKTOP XapaKTEPHCTUK TOP-
ryeMoro Habopa u ero memny npogazku. COBOKYIHOCTb 9THX IIap IPEeICTaB/IsgeT cObOil BHIOOPKY M3
(nenaburo/1aeMoit) reJIoHnIecKol (PYHKIMK IeHbl. B X0/ perpecCHoHHOro aHajmsa K 9TOi BbIOOD-
Ke moadupaercsa pyHKIIMOHAIbHAA POPMa, IIPU ITOM OIEHUBAIOTCSI ITapaMETPhI, XapaKTePU3yOIIe
dyuxmuio. [locae oneHkn mapaMeTpoB YacTHBIE TPOU3BOIHBIE MOATOHIEMON (DYHKIINN TO3BOJISIOT
[TOJIyYUTH OIEHKHU HEeSIBHBIX IIEH.

IIpex e ueMm 3aIyCTUTh PEIPECCUOHHbIN aHa N3, HEOOXOINMO BEIOPATH OUH U3 TPEX BAPUAHTOB
MOJIEJTUPOBAHUS:

1. Kaxue xapaxmepucmuky 8KA0M0MCA 6 M0OJeAb? DTOT BHIOOD OIPEJEIsIeT Pa3MePHOCTb Olle-
HuBaeMoit dpyHKmn. VICK/II0UeHre 3HAUNMO# XapaKTePUCTUKN ITPUBOUT K TOMY, UTO €€ BJIU-
sTHUE TIEPEHOCUTCS HA KO(DMUIMEHTHI KOPPETUPYOMUX BKIIOIEHHBIX XapaKTEPUCTUK (CHCTe-
MaTHUecKast onmbKa, CBA3aHHAsI ¢ MPOILYIIEHHON epeMeHHO! ).

2. Kaxyro pynkuyuonasvnyio gopmy svbpams? Jinueitnyio, jorapudMuaecKu-THHEHHYIO, TOTapuPMIIeCKH-
JIOrapupMUIECKYI0, TTOJUHOMHUAJBHYIO, ¢ PACIIUPEHHOH 6a30ii, TOJIyIapaMeTPUIECKy0, OCHO-
BaHHYIO HAa MAIIMHHOM OOyYEHUH. DTOT BHIOOP OrpaHUIUBAET (POPMY, KOTOPYIO MOXKET IpHU-
HUMATH OlleHUBaeMast (PYHKIUsSI, ¥ KaKWe 3aKOHOMEPHOCTU HESIBHBIX T[EH OHA MOYKET BOCIIPO-
HU3BECTH.

3. Kaxoti ouenusamennr? OLS, 0600IMEHHBIE HANMEHBIITHE KBaIpaThl, pobacTHbie M-orieHuBaTe N,
KBAHTHJIbHAST PEI'PECCUsi, IPOCTPAHCTBEHHBIE SKOHOMETPUUIECKUE OIEHUBATE/IN, PEIPECCUs C
mrpadHBIMI TepMUHAME. BBIOOD ONpeessier, 9To NMEHHO ONTHMIT3UDYET OIeHUBATENb U Ka-
KUe JIOMYIIEeHns JIEYKAT B OCHOBE €r0 BBIBOJIOB.

Kaxaprit BBIOOp MMEET METOMIOJIOTHYECKOe 3HAUCHNE U BJI€UET 3a cO0Oi OIpeie/ieHHbIe TTOCIIE -
CTBUsI C TOYKU 3PEHUsI 0O0CHOBaAHHOCTH.

I'me oneHIUK BCTpevYaeTcs C 3TUM IMOHSATHEM. |eloHHYIecKasl PErpeccust JIEKAT B OCHOBE Mac-
COBOI OIEHKN U SIBJISIETCS ABMXKYIIEH CHUJIONH OOJIBITMHCTBA aBTOMATU3UPOBAHHBIX MOJIEJIEH OIEHKH
(AVM). Korpga onenimk okpyra exkeroaso nepeoneausaer 100,000 3eMeIbHBIX yIaCTKOB, 9Ty pabo-
TY BBIIIOJIHSIET TeIOHNIEeCKasl perpeccusi Ha OCHOBE HeJaBHUX CIAEIOK KyIliu-nipomazku. Korma Zillow
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mwmn Redfin BbImalor aBTOMaTH3WPOBAHHYIO OIEHKY, 33 STHM CTOUT MOJEIb T'eJOHUYECKOIO THUIIa
(uacTo mpejcTaBisionias coboi ancambiib JepeBbeB, a He OLS, HO KOHIENTYaIBLHO BCe PABHO sIBJIsI-
fommasicst reJloantdecknM ornernkoM). Korma AVM KpennTopa Ha BTOPUYIHOM PBIHKE 0700psieT MIn
OTKJIOHSIET OObEKT HEIBHXKHUMOCTHU I pepUHAHCHPOBAHUSI, 3aIeCTBYETCS TOT YK€ MEXaHU3M.

IIpu orenke oTHEIBHBIX OOBEKTOB HEIBUXKUMOCTH BCE Yallle UCIIOJIb3YeTCs U MeJIOHUYIECKas pe-
rpeccusi, JaxkKe eCJIM OKOHYaTe/bHas OIEHOYHAasl CTONMOCTD OIPEJIe/IsSieTCs] Ha OCHOBE CPaBHEHHS C
aHAJOTUIHBIMU cAeaKaMu. HesiBHBIE 1IeHBI, paCCINTAHHBIE HA OCHOBE PErPECCUN II0 BHIOOPKE 00bEK-
TOB B JJAHHOM paifoHe, MMO3BOJISIIOT 0O0CHOBATH BEJIMYNHY KOPPEKTHPOBOK ropasio 0oJiee 060CHOBAH-
HO, YeM NHTYNUI A OIlleHITKa NJIN IIPOIEHTHBIEe 3HAYCHN A, OCHOBaAHHBIC Ha SMIIMPDUYIECKUX IIpaBUJIax.
KosddumuenTs! perpeccnu CTaHOBSITCS JTOKA3aTEILCTBOM, & He MHEHHUEM, [P IIPUMEHEHIN KOPPEK-
TUPOBOK B TabOJ/IUIIE OIEHOK.

Iloyemy 3T0 BakHO aJist obocHoBaHHOCTU. OIEHKH, IIOJYIEeHHBIE C IIOMOIIBIO PErPECCHOHHOIO
aHaJIn3a, OTJUIAIOTCS 0 CTeleHn ODOCHOBAHHOCTH OT aHAJM3a MapHBIX Ipojaxk. Ilpenmyrnecrsa:
PErpecCrOHHBIN aHAIN3 UCIIOIb3yeT BCe MMEIOIINECs JJaHHbIE O MPOJIaykaX, & He 10 JIBe €IMHUIILI 38
pa3; OH II03BOJISIET BBIJIEJIMTH BJIMSHUE OIHON XapaKTEePUCTUKU, OJHOBPEMEHHO KOHTPOJIUPYS MHO-
JKECTBO JAPYTIUX; KpOMe TOrO, OH JaéT CTAHIAPTHLIE OITHOKM, KOTOPbIE KOJUIECTBEHHO OIEHUBAIOT
HEOIIPEeIeJIEHHOCTD KaxKI0i HesiBHOI 1eHbl. HemocraTkn: perpeccusi HaBsI3bIBaeT (pyHKIIMOHAILHYIO
dopmy, KOTOpast MOXKET He COOTBETCTBOBATH MCTUHHON IeHOBOH (GyHKINHU; OHA TpedyeT OOJIBbIIero
obbeMa JaHHBIX, YeM aHaJIN3 IapHBIX IPOoJark; W €€ pe3yJbTaTbl MOI'YT ObITh YYBCTBUTEJBHBI K
BBIOOPY BBIOOPKH U CIIEITU(DUKAIIIH.

IIpu orrenke Ha OCHOBE PEIrPECCHOHHOIO aHAJIN3a HEOIHOKPATHO BOSHUKAIOT CJIEIYIOIIIE BOIIPOCHI,
Kacaronumecss 000CHOBAHHOCTH:

dBasiercsa siu BbIOOPKA ajgekBaTHOM? Perpeccus oneHuBaeT reJOHMIECKy0 PYHKIIUIO B TOM
BHJIEe, B KAKOM OHA& JIeCTBYeT B PBIHOYHOM CEIMEHTE U ITEPUOJIE BPEMEHU, OXBATBIBAEMbBIX BBIOOPKOIA.
[Tpumenenne perpeccuu, MOCTPOEHHON Ha JAHHBIX O MPOJayKaX HEIBUXKUMOCTH, PACIIOJIOXKEHHON B
rayOuHe cyImm, K 0ObEKTY OIEHKH, PACIIOJIOXKEHHOMY Ha Oepery Mopsi, sIBJISIETCST METOI0JIOTTIeCKOM
OITNOKO, HE3ABUCUMO OT TOT'O, HACKOJIHBKO OOOCHOBAHHBI CTATUCTUIECKHUE PE3YIbTATHI.

ABnsierca nau pamHasi cunenudukanus ymecTHou! JluHeiinas cuenudukaiyss — 3TO Ce-
pbé3HOe Homyiienre. Ecau peajibHast (PYHKIMS IEMOHCTPUPYET YOBIBAIONLYIO J0X0AHOCTH 0T GLA
BBIIIe HEKOTOPOI'O0 IOPOrOBOIO 3HAYEHUs, JIMHEHHAS IOANOHKa IIPUBEIET K HEBEPHOM OIEHKE HEesiB-
HBIX IIEHOB B 3TOM jualia3oHe. Juarnocruka, rpaukn OCTaTKOB U aJlbTePHATUBHBIE CIEIU(MDUKAIII
SIBJISIIOTCSL 9aCTbI0 0OOCHOBaAHHOI'O PabOYero Iporecca.

Yro ozmavaer craHgapTHas ommbOka? CramjgapTHas OIIMOKA OTparkaeT Bapuabe/lbHOCTD
BBIOOPKM Tpu IpuHsATONW cruerudukamun Moiean. OHa He YIUTBIBAET HEBEPHYIO CIHEIU(MUKAIINIO
MOJIEJIN, CUCTEMATUIECKYIO OIMMOKY, CBI3aHHYIO C MPOIIYIIEHHBIMUA IEePeMEHHBIMU, WX OTOOD BbI-
6opku. Hebosbimas crangapTHas OIIMOKa Py HEBEPHOM crienuduKaIinm Moiesin 60j1ee OnacHa, 9eM
OoJIbIlas CTaHJapTHAas OMIMOKA IIPU IPABUILHON CleruUKaIAN.

CoBnagaer Jjim MOJydYeHHBINI Pe3yJbTAaT C pe3yJbTaTaMHu JAPYyrux moaxomoB?! O6ocHo-
BaHHAasi 0DOCHOBaHHAsI HEsIBHAsSI I[eHA, PACCUNTAHHAsI HA OCHOBE PErpPECCHOHHOIO aHAJIN3a, JIOJIKHA
COTJIACOBBIBATHCA C BBIBOJAMHU aHAJIN3a IAPHBIX CIIEJIOK, C JAHHBIMH O CTOMMOCTH KOMIIOHEHTOB,
[IOJIy YEHHBIMHE 110 3aTPATHOMY IIOJIXO/Y, & TaKKe ¢ MHEHUEM OIEHIINKOB, XOPOIIO 3HAKOMBIX C PBIH-
koM. Perpeccuonnbrii KoadpduimenT, npoTuBoOpedaIinii BceM TpeM (PaKTOpaM, SBJIAETCA TOBOIOM
JIJIsI JOIIOJIHUTEIbHOIO U3YYEeHUs, a He JIJIsI IIyOJINKAIIN.

Pa3o6paHHbBIil TpUMep OHMEHKU. Temepb MBI MOXKEM IIPUMEHUTH MOJIHBIH HAOOP METOHMOB I'eI0HM-
9ecKoil perpeccun K BocbMmu aHajioram Pacifica. Habop manubix gocryren o ajpecy shared/data/pacifica_comps.

Kona ua R:
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comps <- read.csv("shared/data/pacifica_comps.csv")

fit <- Im(price ~ gla + lot + view + cond, data = comps)
summary (fit)
Brisoa;
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 1.7956 0.1706

Signif. codes: O ’*%x’ 0.001 ’xx> 0.01 ’%’ 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

WNuaTepnperanusi. Mojiesb, MoArHaHHAS JJIsT OIMUCAHUS TeJOHUYIECKON PYHKIINHU II€HbBI, OIMUCHIBAET
ee CJeIyIoNuM 00pa3oM:

P(z) = 80,777 + 575 2GLA + 22.70 210t + 86,179 Zyiew + 49,824 Zeond.

Kaxaprit koadduimenT mpeacrapiisger coboil pacdeTHYIO0 HEABHYIO IIEHY COOTBETCTBYIOMIEH Xa-
pakrepucruku. [Tokazaress GLA BrHocuT BKias B pasmepe $ 575 3a kBajparHblii dbyT (¢ HanMeHb-
el CTaHJAPTHON OMMOKONW W HAMOOJIbIIENH CTaATHCTUIECKOM SHS}II/IMOCTI)IO); BHJ BHOCHUT BKJIaJ B
pasMepe okosio $ 86,000 B cTouMocTh 00beKTa HeABUKUMOCTH B Ilacuduke; JOIOIHUTEILHA €J11-
HUIIA OIEHKH COCTOsIHUsI (HAIIPUMED, TEPEXOJ OT «XOPOIINEro» K «OTJIMYHOMY») CTOUT IPUMEDPHO $
50,000.

Cpa3y OpocaioTcs B rjia3a HECKOJbBKO MOMEHTOB, Ha KOTOPbIE CJiedyeT oOpaTuThb
BHUMAaHUE:

Buibopxra ouensv mana. Bocemb HabOIIOMEHNI 1 UeTHIPE TIPETUKTOPHI OCTABJISIIOT TPU CTEIIEHN CBO-
60161 ocrarkoB. CTaHgapTHBIE OMMOKHA COOTBETCTBEHHO BEJIMKHU, U 3HAYCHUS P JJIS <JIOTa», «BHIAY
U «COCTOSIHHUSI» HE€ JIOCTHUTAIOT HpuHaATOro mopora B 0,05, HECMOTPsS Ha WX YKOHOMHUUIECKYIO 000C-
HOBAHHOCTb. DTO CJIEICTBHE HEOOJIBIIOrO0 00beMa BBIOODKM, & He JI0Ka3aTeJbCTBO TOIO, YTO ITH
XapaKTepUCTUKKN He MMeloT 3HadeHnus. [Ipu naanann 80 aHAJIOTOB, a He 8, 3HAUEHUsT P3HATUTEILHO
YMEHBIIUJINCH OBI.

Obwasn nodzonka modeau evicoxas. CkoppekTHpoBaHHbIT Koddduiment R? = 0.93 u 3nadeHne
p B 0,012 yKa3bIBaIOT HA TO, YTO BKJIIOYEHHBIE XaPAKTEPUCTUKH B COBOKYITHOCTU OOBSICHSIOT 0OJIb-
LIYIO0 9aCTh Kojiebauuii 1ieH B Bbibopke. CodeTaHue CUIbHON COBOKYIIHOM IIOJAINOHKHU CO C1abO0i MH -
BUJIyaJbHON 3HAYUMOCTBIO SBJISETCA KJIACCUIECKUM MPU3HAKOM MYJIHBTHKOJIUHEAPHOCTH, KOTOPas
B JIaHHOM CJIy4ae HOCUT CTPYKTYpHBbI Xapakrep: GLA, y4acTok m cocrosiiue 0ObeKTa SIBJISIOTCSI
KOBapHaTaMi B BBEIOODKE.

Odun ocmamox evdeasemca. MakcuMabHBIA ocTaToK cocTaBisgeT +$46,455, 4To cooTBeTCTBYET
koMnanun H. OcrajbHble ceMb OCTaTKOB HaxojdaTcs B jguanaszone or £=$18,000. Yro-To B KoMnanuu
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Comp H me yumrniBaercs pyHKIHEN MOATOHKE — MOJIE/b CUCTEMATHYIECKH 3aHUKAET €€ IeHy Ha
BEJIMYUHY, IIOYTH B TPHU Pa3a MPEBLINIAOINIYIO CJIEYIONINN caMbIil OOJIBIITON OCTATOK.

DT0 OTKJIOHEHUE OT CPeIHero 3HadYeHus He sijistercs mryMoM. OHO CBUIETEIBCTBYET O TOM, UTO
HenabonaeMast xapakrepucruka Comp H Bimsier Ha ero meny rakum o6pasoM, KOTOPBIA HE MOXKET
OBITH YITEH C ITOMOIIBIO BKJIIOYEHHBIX B MOJE/Ib IEPEMEHHbIX. B paszesie, MOCBAIMEHHOM JIATEHTHBIM
[IepEMEHHBIM, PaCCMATPUBAECTCS UMEHHO 9TOT BOIIPOC.

IIpoBepka Ha cooTBeTCTBHE JIOTMKE IIAPHBIX IIPOAaXK. AHaJIN3 HAPHBIX IPOJIAK, IIPUBE-
nmennblii B 3ammcu No 004, npenckaseiBas pasaumy B $ 127,039 mexknmy amanoramu A m B, ucxona
UCKJIIOYUTEJILHO U3 JIAHHBIX O IIPOCMOTpaX U JioTaX. HesiBHbIE 1I€HBI B PErpeccuy WIeHTUYHBI (I0-
CKOJIBKY OHU SIBJISIIOTCSI HCTOYHUKOM JIAHHOTO pacdéra). Perpeccust 06001aeT JIOrMKy MapHBIX IPO-
JaXK Ha BCe BOCEMb aHAJOTOB OJIHOBPEMEHHO, HO IPU JIAHHOM pa3Mepe BBIOOPKU He JIaéT HUYIEro
MIPUHITAIIAAILHO HOBOT'O; OHA IIOTBEPIKIAeT Pe3y/IbTAThl TapPHOTO aHAIN3a, OJHOBPEMEHHO IIPEeIo-
CTaBJIsisT OTYET O CTAHJAPTHBIX OMIMOKaX, UYero He MOXKET CAeIaTh MEeTOJ HaPHBIX MPOJIaXK.
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Iepexpécmmuune cconku: heterogeneous good; characteristics space; hedonic price function; implicit
price; latent variable.

ITpunoxkenue: popmanuzarnusa Ha Prolog

Caenyromuii MamuHOIMTaeMBbIil BerioMoraresbHbiil daitn (005-hedonic-regression.pl) dopmanusyer sty
cTaThio B Oa3de 3HaHUil )KypHasa Ha Prolog. O takike myOIuKyeTcs: PSAOM € 9TOH CTaThéll KakK OTAe/IbHBIN
npocmarpuBaeMblit daiti (galley).

%% 005-hedonic-regression.pl

Nt
%% Prolog companion to Foundations Vol. 1, Issue 1, Article 005
%% Title: Hedonic Regression

%%  Author: Bert Craytor
%%  Concept: hedonic_regression
%%  Version: 0.1.0-draft

%

% DICTIONARY IMPORT

%

:- 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,
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"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, ...). Y% synonym: avm
% term(omitted_variable_bias, ...).
% term(multicollinearity, ...).
% term(residual, ...).

% term(ordinary_least_squares, ...).
%
%
%
%
%
%
%

introduced_by (hedonic_regression, court_1939).
introduced_by(hedonic_regression, griliches_1961).
formalized_by(hedonic_regression, rosen_1974).
depends_on(hedonic_regression, hedonic_price_function).
depends_on(hedonic_regression, implicit_price).

:- 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
%

article_concept (hedonic_regression).
article_issue(volume(1), number(1l), year(2026)).
article_id(’foundations.2026.005°).

%
% LOCAL VOCABULARY
%

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_i) pairs.
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setup_of_regression(
each_transaction_supplies_pair("(z_i, p_i): characteristics vector and sale price"),
sample_from("the unobserved hedonic price function"),
fits("a functional form to that sample, estimating parameters")).

h
% THREE MODELING CHOICES (per the article)
h

modeling_choice(which_characteristics,
"Determines the dimensions of the estimated function. Omission causes omitted_variable_bias.").
modeling_choice(functional_form,
"Constrains what shape the estimated function can take. Linear, log-linear, polynomial, basis-
<~ expanded, semiparametric, ML.").
modeling_choice(estimator,
"0LS, GLS, robust, quantile, spatial, penalized. Determines optimization criterion and
< inference assumptions.").

%
% PRACTICE CONTEXTS WHERE REGRESSION IS THE ENGINE
h

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.").

h
% DEFENSIBILITY PROFILE: REGRESSION vs PAIRED-SALES
%

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
%

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,
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"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: 1m(price ~ gla + lot + view + cond)
)

:- consult(’../../kb/pacifica_comps’).

% The fitted model.

fit_call("lm(formula = price ~ gla + lot + view + cond, data = comps)").
fit_estimator(ordinary_least_squares).

fit_software(r_1m).

% 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, ’> ?).

fitted_coefficient(gla, 574.93, 109.76, 5.238, 0.0135, ’*’).
fitted_coefficient(lot, 22.70, 10.38, 2.187, 0.1165, ’ ?).
fitted_coefficient(view, 86179.03, 31342.97, 2.750, 0.0708, ’.7%).
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
%

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.").
(SN

caveat (structural _multicollinearity,
"Adj R"2 = 0.93 with model p = 0.012 indicates strong joint fit; weak individual significance
<+ 1is a textbook multicollinearity signature. Here GLA, lot, and condition covary in the sample
= T

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.").
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% 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.

confirms_paired_sales_from(entry_004,
"A vs B differential of $127,039 from view and lot alone - coefficients are the same;
> regression confirms the paired analysis while adding standard errors.").

h
% RESIDUAL OF COMP H POINTS FORWARD TO ENTRY 006
h

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
h
)
% Computes predicted price from the fitted coefficients. The residual
% for each comp is sale_price - predicted_price.

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, BO, _, _, _, _),
fitted_coefficient(gla, Bg, _, _, _» ),
fitted_coefficient(lot, Bl, _, _, _, ),
fitted_coefficient(view, Bv, _, _, _, ),
fitted_coefficient(cond, Be, _, _, _, ),

Predicted is BO + Bg * GLA + Bl * Lot + Bv * View + Bc * 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 =1V
; A == view, V == yes -> N =1
; A ==view, V==no ->N
; V=N
).

%
% CROSS-REFERENCES
%

cross_reference (heterogeneous_good) .
cross_reference(characteristics_space).
cross_reference(hedonic_price_function).
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cross_reference(implicit_price).
cross_reference(latent_variable).



