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Addendum: Prolog Formalization

The following machine-readable companion (007-conditional-expectation.pl) formalizes this entry in
the journal’s Prolog knowledge base. It is also published as a browsable galley alongside this article.

SPDX-License-Identifier: AGPL-3.0-or-later

Copyright (C) 2026 William Bert Craytor. Published by The Valuation Engineer
Journal (Pacific Vista Net). This program is free software: you can
redistribute it and/or modify it under the terms of the GNU Affero General
Public License as published by the Free Software Foundation, either version 3
of the License, or (at your option) any later version. It is distributed
WITHOUT ANY WARRANTY, without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE; see the COPYING file beside it or
<https://www.gnu.org/licenses/agpl-3.0.html>.

I I I T e I

%% 007-conditional-expectation.pl

hhe

%% Prolog companion to Foundations Vol. 1, Issue 2, Entry 007

W% Title: Conditional Expectation

%%  Author: Bert Craytor

%%  Concept: conditional_expectation

%%  Version: 1.2.0

hhe

%%h v1.2.0: entry text revised for readers who are not statisticians;
%% no Prolog clause changes.
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https://doi.org/10.67330/kgebxf46
https://doi.org/10.1214/aos/1176347963
https://doi.org/10.32614/CRAN.package.earth
https://www.milbo.org/doc/earth-varmod.pdf
https://www.milbo.org/doc/earth-varmod.pdf

hh

%% v1.1.0: condition on the Journal's 0.00-10.00 score (average 5.00, good
%% 7.00, excellent 9.00; 20,000 a point). The generating function lives in
%% kb/pacifica_comps_extended.pl, which is restated in those units with this
%% release; nothing here changes but the units it reads.

hh

%% This file is the Prolog galley for the entry: it encodes the entry's

%% main claims, its worked example, and the generating function of the

%% running dataset in a form other Prolog code in the journal can

%% consult, query, and verify. Read alongside entry.tex / entry.pdf.

%
% DICTIONARY IMPORT
%

% The dictionary (Issues/tools/dictionary) is not loaded at run time, so
% that the file runs unchanged in Trealla, SWI-Prolog and Scryer. The

% declarations below are plain facts, read by the dictionary linter.
dictionary_release_pinned('dictionary-2026.1').

% —--- From the dictionary (quoted for reference) ---- -—-

% term(conditional_expectation, "Conditional Expectation",

% econometric_method,

% "The conditional expectation of an outcome given a set of

% predictors is the mean of the outcome's distribution at each
yA fixed value of the predictors. Viewed as a function of the

% predictors, it is called the conditional expectation function
% (CEF), and it is the function that regression aims to

yA approximate. Ordinary least squares (OLS) regression gives the
% best linear approximation to the CEF, and it reproduces the CEF
YA exactly when the CEF itself is linear.", published,

% 'dictionary-2026.1"').

% depends_on(conditional_expectation, hedonic_regression).

% _ ——— _ _

uses_terms([ conditional_expectation, hedonic_regression,
implicit_price, hedonic_price_function,
characteristics_space, residual,
ordinary_least_squares,
sales_comparison_approach, adjustment,
comp_selection, reconciliation ]).

uses_relations([depends_on/2, related/2]).

%
% ENTRY SUBJECT
%

article_concept(conditional_expectation).
article_issue(volume(1), number(2), year(2026)).
article_id('foundations.2026.007"').

% ENTRY-LOCAL VOCABULARY

% Field names for the worked-example records and for the two properties
% of the CEF the entry relies on. Too narrow to promote to the
% dictionary.
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local_term(cef). % conditional expectation function
local_term(estimand) .

local_term(conditioning_set).

local_term(prediction_interval).

local_term(confidence_interval).

local_term(linear_projection). % best linear approximation to the CEF

h
% THE TWO PROPERTIES OF THE CEF THE ENTRY USES
h

%! cef_property(?Name, 7Statement) is nondet.

cef_property(best_predictor,
"Among all functions of the conditioning variables, the CEF minimizes expected squared
<~ prediction error.").
cef_property(orthogonal_deviation,
"P = E[P|Z] + eps with E[eps|Z] = 0 holds by construction, not by assumption.").

% The second property is the hinge for entries 008-010: each asks when
% the recovered object is the CEF of interest.
hinge_for(orthogonal_deviation, omitted_variable_bias).
hinge_for(orthogonal_deviation, endogeneity).
hinge_for(orthogonal_deviation, identification).

CENTRAL CLAIM: CONDITIONING SET DETERMINES THE ESTIMAND

Two regressions over the same data with different conditioning sets
target DIFFERENT population objects, and each recovers only the best
linear approximation to its target (the linear projection); OLS
recovers the CEF itself exactly when the CEF is linear. Neither is
wrong; they answer different questioms.

I I I T T

conditioning_set(issuel_model,

[gla_sqft, lot_sqft, view_numeric, cond_score]).
conditioning_set(issue2_model,

[gla_sqft, lot_sqft, view_numeric, cond_score, remodel_numeric]).

%' different_estimand(?ModelA, ?ModelB) is nondet.

%

% True when two models condition on different variable sets and

% therefore approximate different conditional expectation functions.

different_estimand(A, B) :-
conditioning_set(A, SA),
conditioning_set(B, SB),

A \== B,
sort(SA, X), sort(SB, Y),
X \==Y.

% What OLS recovers, relative to the CEF it conditions on.
ols_recovers(best_linear_approximation_to_cef).
ols_recovers_cef_exactly_when(cef_is_linear).

%
% WORKED EXAMPLE — THE GENERATING FUNCTION
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%
%
% The running dataset is defined in ../../kb/pacifica_comps_extended.pl.
% Its generating function IS the conditional expectation function for

% the constructed market, exactly: the data carry no noise.

;- initialization(consult('../../kb/pacifica_comps_extended')).

% Scryer Prolog loads forall/2 and the list predicates on request;

% SWI-Prolog and Trealla have them built in. The guarded loads below
% let the file run unchanged in all three.

;- initialization(catch(use_module(library(lists)), _, true)).

;- initialization(catch(use_module(library(iso_ext)), _, true)).

%! cef_exact(+Property, -Price) is det.

h

% The CEF evaluated at a property's characteristic vector. Identical to
% true_price/2 in the dataset file; named here to make the entry's claim
% ("the generating function IS the CEF") explicit in the galley.

cef_exact(P, Price) :- true_price(P, Price).

%! noiseless_dataset is semidet.

%

% Verifies the entry's central factual claim about the data: every

% observed sale price equals the CEF at that property, so the residual
% is zero everywhere.

noiseless_dataset :-
forall (property(P),
( cef_exact(P, Price), sale_price(P, Price) )).

THE COMP H POINT

%

)

)

%

% Issue 1 reported a $46,455 residual for Comp H under the four-variable
% model. Taking issue 1's eight properties as the market, every

% four-variable characteristic vector belongs to exactly one property, so
% the four-variable CEF interpolates all eight prices and Comp H deviates
% from it by ZERO. The 46,455 is Comp H's deviation from the fitted

% four-variable LINEAR regression --- the linear projection --- and the

% projection-CEF gap is where the remodel effect hides. Under the

% five-variable specification, projection and CEF coincide and the

% deviation vanishes.

issuel_residual (comp_h, 46455).

% deviation_from(Property, Object, Dollars).
deviation_from(comp_h, four_variable_projection, 46455).
deviation_from(comp_h, four_variable_cef, 0).
deviation_from(comp_h, five_variable_cef, 0).

residual_under (issue2_model, comp_h, 0) :-
cef_exact(comp_h, Price),
sale_price(comp_h, Price).

%! residual_is_artifact_of_specification(?Property) is nondet.

%

% The issue-1 residual is a property of the specification (a linear
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% projection under a smaller conditioning set), not of the property.

residual_is_artifact_of_specification(P) :-
issuel_residual(P, R), R =\= 0,
deviation_from(P, four_variable_cef, 0),
residual _under (issue2_model, P, 0).

h
% APPRAISER ENCOUNTERS
h

grid_assumption(smoothness,
"Using comparables at all assumes the CEF is smooth enough that nearby points inform the
—» subject's point.").
grid_assumption(local_linearity,
"Adjusting linearly assumes the CEF's slope in that characteristic is roughly constant over the
<~ range crossed.").
grid_assumption(unbiased_indications,
"Averaging indications assumes each is an unbiased draw around the same conditional mean.").

% The grid is structurally a nonparametric estimator of a conditional
% mean, using local averaging and hand-specified slopes.
estimator_role(sales_comparison_approach, conditional_mean_estimator).

h
% DEFENSIBILITY
h

defensibility_consequence(conditioning_set,
"Adding a variable to a grid changes the estimand, not merely the precision of an estimate.").
defensibility_consequence(ceteris_paribus,
"'Holding other things equal' means comparing conditional means at vectors differing in one
< coordinate.").
defensibility_consequence(residual_spread,
"Conditional dispersion is a market property; a point estimate reported without it overstates
<~ precision.").

% The confidence/prediction interval confusion the entry names.
interval_answers(confidence_interval, "uncertainty about where the CEF is").
interval_answers(prediction_interval, "spread of individual prices around the CEF").
commonly_confused(confidence_interval, prediction_interval).
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