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Tiirkce stirim — yapay zekd destediyle hazirlanmas ve editoryal denetimden gegirilmistir; Ingilizce sirim
esas alnar.

Bicimsel tanim. Heterojen mallar, her biri alicilarin ayr ayri degerledigi belirgin bir nitelik demeti
oldugu ve nitelikleri ayri ayr1 alinip satilmadig i¢in birbirinin yerine gecemeyen mallardir.

Sezgisel cerceve. Homojen mal, herhangi bir biriminin ig goérecegi maldir: bir varil WTI ham
petrolii, bir kile 2 numara sar1 misir, sebekeden bir kilovatsaat, belirli bir hisse senedinin bir pay:.
Bu mallarin ardindaki derecelendirme 6l¢iitleri ya da teknik sartnameler tam da tek tek birimleri
birbirinin yerine gecebilir kilmak icin vardir; boylece fiyatlar belirli bir birime degil kategoriye
uygulanir. Heterojen mal ise belirli birimin 6nem tagidigi maldir — su ev, o ev degil; su ikinci el
otomobil, yanindaki degil.

Bir mali teknik anlamda heterojen kilan iki 6zellik vardir. Birincisi, alicilar piyasadaki birim-
ler arasinda degiskenlik gosteren, birbirinden ayirt edilebilir birden cok niteligi 6nemser. Ikincisi,
bu nitelikler malin iiretim teknolojisi tarafindan demet haline getirilmigtir; ayr1 ayr1 satin alina-
bilir degildirler. 200 fit kare briit yasam alamimi tek bagina satin alamazsiniz. Bir okul bolgesini
bir arsa parcgasindan bagimsiz olarak edinemezsiniz. Nitelikler demetlenmis olarak gelir ve piyasa,
niteliklerin kendilerine degil biitiin demetlere fiyat biger.

Gayrimenkul, kanonik heterojen maldir ve bu 6zelligi aligilmadik 6lgiide giiclii bicimde sergiler.
Konum nitelikleri tiimiiyle yinelenemezdir: higbir iki parsel ayni konumu isgal edemez, dolayisiyla
her taginmazin onu piyasadaki diger tiim tagimmazlardan ayiran en az bir niteligi (koordinatlar:)
vardir. Fiziksel, hukuki ve cevresel nitelikler, bir biitiin olarak alindiginda her taginmaza 6zgii olan
bu vektore ek degiskenlik boyutlar: ekler.

Degerleme uzmanlar: kavramla nerede karsilagir. Satig kargilagtirma yaklagimindaki her
diizeltme, konu taginmaz ile emsallerin heterojen mallar oldugunun ortiikk bir kabuliidiir. Taginmaz-
lar homojen olsaydi satig fiyatlar1 zaten dogrudan kargilagtirilabilir olurdu; hicbir tabloya gerek
kalmazdi. Tablo, demet bilegimindeki farklara gore diizeltme yaparak farkli demetlerin fiyatlarini
uzlagtirma girigimidir. Tablonun ne yapmadigine da belirtmek gerekir: bir satig fiyatini higbir za-
man nitelik deger katkilarina ayrigtirmaz. Geleneksel tabloda deger katkilar: i¢in bir siitun yoktur
— yalmizca nitelik nitelik, dogrudan kestirilen diizeltmeler vardir.

Maliyet yaklagimi heterojenlikle, demeti bilesenlerinden — temel, karkas, kaplamalar, yipranma
— yeniden kurarak ve her birini ayr fiyatlayarak bag eder. Gelir yaklagimi ise demeti tek bir nakit
akig1 profiline soyutlayarak bag eder; kapitalizasyon ve getiri oranlar1 demet diizeyindeki heterojen-
ligi piyasadan tiiretilmis bir carpana sogurur. U¢ degerleme yaklasimmin tamami, gayrimenkuliin
heterojen bir mal oldugu temel olgusuna verilen metodolojik yanitlardir. Bu olguyla yiizlesip yiiz-
lesmemeleri bakimindan degil, onu nasil astiklar:1 bakimindan birbirlerinden ayrilirlar.

Degerleme uzmanlar: heterojenlikle, emsal secimi, eglestirilmis satig ¢oziimlemesi ya da “elmayla
elmay1 kargilagtirma” iizerine akil yiiriittiikleri her seferinde gayriresmi olarak da kargilagir. Ola-
bildigince c¢ok nitelikte benzesen emsaller bulma icgiidiisii, heterojenlige verilen bir uygulamaci
yanmitidir: konu taginmaz ile emsal arasindaki demet uzakligini en aza indirin, demetin gézlenmemis
bileseni satis fiyatlar: arasindaki farka daha az katk: versin.
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Savunulabilirlik agisindan neden 6nemlidir. Gayrimenkuliin heterojenligi, degerleme meto-
dolojisinin bir disiplin olarak var olmak zorunda olmasinin nedenidir. Taginmazlar birbirinin yerine
gecebilir olsaydi piyasa degeri ilan edilmis fiyatlardan dogrudan gozlenebilirdi; degerleme bir sorgu-
lamaya indirgenirdi. Oyle olmadiklar: icin deger, iligkili ama 6zdes olmayan tasimmazlarin fiyatla-
rindan ¢ikarsanmak zorundadir ve her ¢ikarim adimi, gerekgelendirilmesi gereken metodolojik bir
secimdir.

Heterojenligi bigimsel olarak kabul etmek, USPAP ve Standart Kurali savunulabilirliginin da-
yandigi bir¢cok uygulama sorusunu berraklagtirir. Emsal secimi, nitelikler uzayinda konu tasinmaza,
onlardan geri kazanilan ortiik fiyatlarin genellenebilecegi kadar yakin birimleri segmektir. Bir diizelt-
menin makulliigii, altindaki ortiik fiyatin piyasa kanitiyla desteklenebilir olup olmadigina baghdir.
Yaklagimlar arasindaki uzlastirma, bu taginmazin heterojenligini hangi yaklagimin en inandirict bi-
¢imde agtigina iligkin degerleme uzmaninin kanaatini yansitir. Bu savunulabilirlik sorularinin her
biri, altta yatan kosul “heterojen mal” olarak adlandirildiginda daha keskinlesir.

Coziimlii degerleme 6rnegi. Ayni Pacifica, Kaliforniya mahallesinde yakin tarihli iki satis:

Nitelik Emsal A Emsal B
GLA (sf) 1,650 1,650
Yatak odas1 / Banyo 3/2 3/2
Arsa (sf) 9,000 7,200
Manzara Var Yok
Satig fiyata $1,425,000 $1,280,000

Homojen mal cgergevesi altinda bunlar ayni taginmazdir: 6zdes GLA, 6zdes oda sayisi, ayni
mahalle. Heterojen mal gergevesi altinda ise ahcilarin ayr1 ayr1 degerledigi iki nitelikte (arsa ve
manzara) farklilagan, birbirinden ayr1 demetlerdir. $145,000’lik fiyat farki, bu iki niteligin ortak
katkisidir — tek bir ¢iftte birbirine dolanmug iki 6rtiik fiyat.

Ortiik fiyatlar tek tek geri kazanmak daha fazla cift gerektirir; ideal olarak her seferinde tek bir
niteligi degistiren ¢iftler. Manzarali / manzarasiz ve biiytik arsa / kiigiik arsa bilegimlerini kapsayan
ic¢ ya da dort ek satig, ortiik fiyatlar: ayri ayri tamimlamaya baglar. Yeterince ¢ok emsalde yeterince
degigkenlik varsa hedonik regresyon bu ¢oézmeyi bigimsel olarak gerceklestirir; degiskenlik sinirh
oldugunda ise degerleme uzmani, giivenilirligi demetlerin nitelikler uzayinda birbirine ne kadar
yakin olduguna agik¢a bagh olan, sinirlandirilmig eglestirilmig satig akil yiiriitmesiyle yetinmek
zorundadir.

Ornek, heterojenligin neden kok kosul oldugunu gosterir: “6zdes” iki ev bile 6zdes degildir ve
degerlemenin metodolojik aygit:1 tam da aralarindaki uzakligi ele almak i¢in vardir.
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Ek: Prolog bicimsellestirmesi
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Agagidaki makine tarafindan okunabilir yardime: dosya (001-heterogeneous-good.pl) bu maddeyi derginin
Prolog bilgi tabaninda bigimsellegtirir. Ayrica bu makalenin yaninda goz atilabilir bir dizgi niishas: (galley)
olarak yayimlanir.

%% 001-heterogeneous-good.pl

hh
%% Prolog companion to Foundations Vol. 1, Issue 1, Article 001
%% Title: Heterogeneous Good

%%  Author: Bert Craytor

%%  Concept: heterogeneous_good

%%  Version: 0.1.0-draft

hh

%% This file is the Prolog galley for the article: it encodes the

%% article’s main claims, worked example, and inference rules in a form
%% that other Prolog code in the journal can consult, query, and verify
%% against. Read alongside the entry.tex / entry.pdf prose.

)
% DICTIONARY IMPORT
h
)
% The journal-wide dictionary is the source of truth for term definitions
% and relation schemas. The use_module below pulls those facts in at

% runtime; the comments that follow reproduce the relevant entries so a
% reader skimming this file in isolation can see what’s been imported.

;- use_module(’../../../../tools/dictionary/dictionary’).
;- dictionary_release(’dictionary-2026.1").

% —--- From the dictionary (loaded via :- use_module above) -—--—-----—-

% term(heterogeneous_good, "Heterogeneous Good", economic_theory,

% "Heterogeneous goods are goods that are not interchangeable

% because each is a distinct bundle of characteristics that buyers
A 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

yA 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-2026.17).

%

% 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.",

yA published, ’dictionary-2026.1").

h

% 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.

% _ _ _ _ _



The Valuation Engineer o Foundations

Heterojen Mal

:- 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 ]).

;- use_relations([related/2, depends_on/2]).

%
% ARTICLE SUBJECT
%

article_concept (heterogeneous_good) .
article_issue(volume(1), number(1l), year(2026)).
article_id(’foundations.2026.001°).

%
% ARTICLE-LOCAL VOCABULARY
)
%
% Terms the article needs that are NOT yet in the dictionary, and that
% the editor decided are too narrow to promote. These are field names
% for the worked-example property records - not concepts in the

% journal’s ontology.

local_term(gla_sqft).
local_term(bedrooms) .
local_term(baths).
local_term(lot_sqft).
local_term(view).

%
% FORMAL DEFINITION (restated as Prolog rule)
)
h
% 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.

%! heterogeneous(7Good) 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.

heterogeneous(Good) :-
buyers_value_multiple_attributes(Good),
attributes_bundled_by_production(Good) .

%
% INTUITIVE FRAMING - CONTRASTS WITH HOMOGENEOUS GOODS
)

% Canonical examples of homogeneous goods cited in the article.
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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) .

% 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.

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

% Why naming "heterogeneous good" sharpens USPAP defensibility questions.
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defensibility_consequence(comp_selection,
"Comps must be close enough in characteristics space that recovered implicit prices generalize
—.").
defensibility_consequence(adjustment,
"Each adjustment must be supportable from market evidence of the implicit price.").
defensibility_consequence(reconciliation,
"Choice among approaches reflects which best navigates THIS property’s heterogeneity.").

% Root claim: valuation methodology exists as a discipline BECAUSE
% real estate is heterogeneous. If it were homogeneous, value would be
% 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.").

)
% 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.

% 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’).

% ——- 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)]).

% —--- 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, view]).

% 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).").
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%
% INFERENCE RULES
%

%! comparable(?A, 7B) 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.

comparable(A, B) :-
property(A),
property(B),
A \== B,
in_market(A, M),
in_market (B, M).

%! attribute_difference(?A, 7B, 7Attr, ?DA, 7DB) is nondet.
yA
% 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(7Attr) 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.

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).

cross_reference(characteristics_space) .
cross_reference (hedonic_price_function).
cross_reference(implicit_price).



