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Abstract  
Deming regression is a standard tool for method-comparison studies when both the reference method 
and the test method are measured with error. Ordinary least squares regression treats the reference 
method, X, as fixed or measured without error and assigns random error to the candidate method, Y. 
In method-comparison studies, both methods are usually measured with error. Instead, Deming 
regression treats both methods as measured quantities and estimates the linear relationship by 
accounting for measurement error in both directions. Ordinary Deming regression is appropriate when 
the absolute measurement-error variances can be treated as constant across observations, with a 
specified constant variance ratio. In many analytical applications, however, absolute imprecision 
changes with concentration, making a weighted errors-in-variables model more appropriate. 

We present wDEMREG, a SAS® macro that fits weighted Deming regression for paired quantitative 
measurements using SAS/IML. The macro accepts observation-specific variance estimates for the 
reference and test methods, or, when such estimates are unavailable, fits either an ordinary constant-
variance Deming model with a specified constant variance ratio or an explicit proportional-error 
working model. Estimation uses an iterative York/Deming algorithm for independent measurement 
errors, with uncertainty in the intercept and slope estimated by leave-one-out jackknife. Version 1.2 
reports full-data and leave-one-out convergence diagnostics and suppresses jackknife standard 
errors, confidence intervals, and confidence bands if any required fit is invalid. The macro produces 
user-named parameter, summary, leave-one-out diagnostic, residual, and graphing data sets, plus a 
publication-style scatterplot with the fitted weighted Deming line, identity line, an optional pointwise 
jackknife confidence band for the fitted mean relationship, an ODS legend, and an optional compact 
lower-right fit-summary box containing the fitted equation and parameter confidence intervals. The 
macro and associated files can be found in the appendix or online: https://bit.ly/4gHtEaJ 

Keywords: Deming regression; weighted Deming regression; errors-in-variables; method 
comparison; SAS/IML; PROC SGPLOT; jackknife; proportional error. 

Introduction 
Method-comparison studies are common in clinical diagnostics, laboratory medicine, analytical 
chemistry, manufacturing, and other settings where a quantitative result from a candidate method (Y 
variable) is compared with a result from a reference method (X variable). In the simplest display, the 
paired observations are plotted as candidate method versus reference method and assessed against 
the identity line. The statistical question is usually whether the candidate method shows constant bias, 
proportional bias, or both over the measuring interval. 

Ordinary least squares (OLS) regression is often not the right tool for this problem (Deming, 1943; 
Francq and Govaerts, 2014). OLS treats the reference method as known without error and assigns all 
random error to the candidate method. In a method-comparison study, both methods are usually 
measured with error. A reference method may be better characterized, but it is not error-free. When 



measurement error in X is ignored, the fitted slope can be biased toward zero, and the fitted intercept 
can be misleading. 

Deming regression addresses this by fitting a straight line while accounting for measurement error in 
both X and Y (Adcock, 1878; Deming, 1943). The broader errors-in-observations formulation has 
historical roots in work by Kummell and Koopmans, with Deming later popularizing the approach for 
statistical adjustment of data (Kummell, 1879; Koopmans, 1936; Deming, 1943). The original 
DEMREG macro paper described a SAS macro wrapper around Wicklin’s efficient SAS/IML 
implementation of ordinary Deming regression and included publication-ready SGPLOT output 
(Canchola et al., 2022). That macro is valuable when the absolute measurement-error variances can 
be treated as constant across observations and the variance ratio is specified.  Prior SAS 
implementations include the Deal, Pate, and El Rouby (2009) macro, the Njoya and Hemyari (2017) 
macro, and the Canchola et al. (2022) DEMREG macro wrapper around Wicklin’s SAS/IML 
implementation. 

Ordinary Deming regression assumes homoscedastic measurement errors: the absolute X- and Y-
error variances are constant across observations, with a specified constant ratio between them. A 
constant variance ratio by itself is not sufficient if the absolute variances change over the measuring 
interval. In many diagnostic and analytical applications, variability increases as concentration 
increases. In those cases, a high-concentration observation may have more absolute variability than 
a low-concentration observation even when the Y-to-X variance ratio remains constant. Weighted 
Deming regression is designed for this heteroscedastic setting. 

Weighted Deming regression allows each observation to contribute according to its own 
measurement-error information (Linnet, 1990; York, 1966; York et al., 2004). If observation i has larger 
measurement-error variance, the fitted line should not be pulled as strongly by that observation as by 
an observation measured with greater precision. The important point is that weighted Deming is not 
simply weighted vertical least squares. The weights depend on the current slope because the distance 
from a point to a candidate line has components in both the X and Y directions. 

The purpose of our wDEMREG is to extend the framework in DEMREG to a weighted Deming setting 
where measurement-error variances can differ from observation to observation. This paper is written 
for SAS programmers who need to run, validate, and explain the macro. The sections below review 
the statistical model, the weighted estimating equations, the SAS macro interface, and a reproducible 
simulated example for testing the macro.  

Macro Overview 
The current macro is named wdemreg. The main computational engine is SAS/IML, and the graphing 
engine is PROC SGPLOT. The macro creates a cleaned complete-case analysis data set internally, 
computes the weighted Deming fit, checks full-data and leave-one-out convergence, computes 
jackknife confidence intervals when all required fits are valid, stores parameter, summary, leave-one-
out, and residual diagnostic outputs under user-selectable data set names, and creates one 
publication-style plot per call when SHOWPLOTS=Y. Version 1.2 provides independent X- and Y-axis 
controls, a compact lower-right fit-summary box controlled by SHOWFITBOX, and suppression of 
routine parameter-table printing from ODS by default so the graph is the primary displayed result. 

The macro call has the following structure: 

%wdemreg(dsin= 

         ,dsout= 

         ,sampleid= 

         ,xvar= 

         ,xlab= 

         ,yvar= 

         ,ylab= 

         ,varx= 



         ,vary= 

         ,title1= 

         ,title2= 

         ,alpha=0.05 

         ,GraphMin= 

         ,GraphMax= 

         ,GraphIncrement=1 

         ,XGraphMin= 

         ,XGraphMax= 

         ,XGraphIncrement= 

         ,YGraphMin= 

         ,YGraphMax= 

         ,YGraphIncrement= 

         ,ParmDecimalPlaces=0.001 

         ,weightmodel=CONSTANT 

         ,delta=1 

         ,parmout=WPARMDATA 

         ,summaryout=WPARMDAT 

         ,looout=WDEMREG_LOO 

         ,residout=WDEMREG_RESID 

         ,showplots=Y 

         ,showbands=Y 

         ,showfitbox=Y 

         ,printresults=N 

         ,ngrid=200 

         ,maxiter=100 

         ,tol=1e-10 

         ,minvar=1e-12 

         ,cleanup=Y) ; 

Table 1. Key wDEMREG macro parameters. 

Parameter Description Required/default 

DSIN Input SAS data set containing paired observations Required 

DSOUT 
Output data set containing observed points and 

graphing grid 
Required 

SAMPLEID 
observation identifier used for sorting and 

traceability; uniqueness is recommended. 
Required 

XVAR Reference or comparator method measurement Required 

YVAR Test or candidate method measurement Required 

XLAB, YLAB Axis labels for plots 
Optional; default to 

variable names 

VARX, VARY 
Observation-specific measurement-error 

variances 

Optional, but must be 

supplied as a pair 

WEIGHTMODEL 
CONSTANT or PROPORTIONAL when VARX 

and VARY are omitted 
Default: CONSTANT 

DELTA 
Y-error/X-error variance ratio for the CONSTANT 

model when VARX/VARY are omitted 
Default: 1 

PARMOUT, 

SUMMARYOUT 

Names of parameter-level and one-row summary 

output data sets 

Defaults: WPARMDATA, 

WPARMDAT 



Parameter Description Required/default 

LOOOUT 

Leave-one-out estimates, changes from full fit, 

iterations, convergence, and numerical-problem 

flags 

Default: 

WDEMREG_LOO 

RESIDOUT 

Complete observations with final residual 

variance, weight, vertical residual, and 

standardized objective residual 

Default: 

WDEMREG_RESID 

ALPHA Significance level for confidence intervals Default: 0.05 

SHOWPLOTS Whether to produce SGPLOT output Default: Y 

SHOWBANDS Whether to display pointwise jackknife band Default: Y 

SHOWFITBOX 

Whether to display a compact lower-right box with 

the fitted Y=mX+b equation and confidence 

intervals for slope and intercept 

Default: Y 

GRAPHMIN, 

GRAPHMAX, 

GRAPHINCREMENT 

Legacy common-axis limits and increment; used 

as fallbacks when the corresponding X/Y-specific 

controls are omitted 

Optional; increment 

default: 1 

XGRAPHMIN, 

XGRAPHMAX, 

XGRAPHINCREMENT 

Independent X-axis limits and tick increment for 

the publication-style plot 

Optional; range defaults 

to observed X range; 

increment inherits 

GRAPHINCREMENT 

YGRAPHMIN, 

YGRAPHMAX, 

YGRAPHINCREMENT 

Independent Y-axis limits and tick increment for 

the publication-style plot 

Optional; range defaults 

to observed Y range; 

increment inherits 

GRAPHINCREMENT 

PRINTRESULTS 

Whether the macro prints the parameter table to 

ODS in addition to creating 

PARMOUT/SUMMARYOUT 

Default: N 

NGRID Number of points in the fitted-line graphing grid Default: 200 

MAXITER, TOL 
Convergence controls for the iterative slope 

update 
Defaults: 100, 1e-10 

MINVAR 
Lower bound used only for PROPORTIONAL 

working variances 
Default: 1e-12 

CLEANUP Whether to remove intermediate work data sets Default: Y 

Weighting Options in wDEMREG 
The macro supports three variance models. 

 

 

 



Table 2. Variance models available in wDEMREG. 

Model reported by 

macro 
How it is requested 

Variances used in the 

fit 
Intended use 

USER 
Supply VARX= and 
VARY= 

VARX and VARY 
columns exactly as 
supplied 

Preferred when observation-
specific variance estimates are 
available 

CONSTANT 
Omit VARX/VARY; 
select constant 
model 

1 for X and DELTA for 
Y 

Ordinary constant-variance 
Deming regression; DELTA is 
the Y/X variance ratio and 
defaults to 1 

PROPORTIONAL* 
Omit VARX/VARY; 
select proportional 
model 

max(x^2, MINVAR) 
and max(y^2, 
MINVAR) 

Equal-CV working model; most 
natural for positive ratio-scale 
measurements (Linnet, 1990) 

* Because the proportional working model uses observed squared values, observations near zero can receive very large effective 
weights unless MINVAR is chosen carefully. MINVAR is expressed on the squared measurement scale and is therefore unit- and scale-
dependent. This option is most interpretable for positive ratio-scale measurements when a constant-CV working model is scientifically 
plausible; it should not be treated as a default variance estimator. 

A common multiplicative scaling of both VARX and VARY does not change the fitted line. For example, 
multiplying all X and Y variances by 100 changes the numerical value of the objective function but not 
the estimates of the intercept and slope. Changing the relative scale of VARX versus VARY, however, 
can change the fit. 

When possible, the preferred approach is to supply externally estimated variances. These may come 
from replicate measurements, precision studies, variance functions, assay claims, or other validated 
imprecision estimates. The proportional option is convenient for exploration but should be described 
as a working model unless it is supported by study design or prior precision evidence. 

If the two methods have different proportional imprecision levels, users should supply externally 
estimated VARX and VARY columns rather than relying on the unscaled proportional working model. 
Because x-squared and y-squared specify the shape of an equal-CV working model rather than 
independently estimated variances, the option should be accompanied by sensitivity analysis when 
used for substantive conclusions. 

Confidence Band Displayed on the Plot 
When SHOWBANDS=Y and the full-data fit and all leave-one-out fits are valid, the macro displays a 
pointwise jackknife confidence band for the fitted mean relationship. For grid values x0 across the 
plotting range, each leave-one-out fit gives 

𝑦̂(−𝑖)(𝑥0) = 𝛼̂(−𝑖) + 𝛽̂(−𝑖)𝑥0 

The jackknife standard error of the fitted mean at 𝑥0 is computed from the leave-one-out fitted 

values, and the band is displayed as 

𝑦̂(𝑥0) ± 𝑡1−𝛼/2, 𝑛−2𝑆𝐸𝐽𝐾{𝑦̂(𝑥0)} 

This band is not an individual prediction band. It reflects uncertainty in the fitted mean relationship, 
not the expected spread of future individual observations. If any required fit is invalid, the macro 
reports the diagnostic failure and returns the jackknife confidence limits and band limits as missing 
rather than using a failed fit. 



Output Data Sets and Graphical Output 
By default, the macro creates parameter, one-row summary, leave-one-out diagnostic, and residual 
diagnostic data sets in the WORK library; PARMOUT, SUMMARYOUT, LOOOUT, and RESIDOUT 
allow these names to be changed. DSOUT contains the observed points and plotting grid. 

Table 3. Main output data sets. 

Output Contents Notes 

PARMOUT 
One row per parameter with estimate, jackknife 
mean/SE/CLs, full-fit diagnostics, jackknife-valid 
flag, failed-LOO count, and objective 

Default WPARMDATA; 
reporting and validation 

SUMMARYOUT 
One-row summary with intercept, slope, 
confidence limits, full-fit diagnostics, jackknife-
valid flag, and failed-LOO count 

Default WPARMDAT; 
downstream reporting 

LOOOUT 

One row per deleted observation with SAMPLEID, 
LOO intercept/slope, changes from full fit, 
iterations, convergence, and numerical-problem 
flag 

Default WDEMREG_LOO; 
influence and convergence 
diagnostics 

RESIDOUT 
Complete observations with vertical residual, 
residual variance, final weight, and standardized 
objective residual 

Default WDEMREG_RESID; 
residual review 

DSOUT 
Complete observations plus graphing grid values 
for fitted line and confidence band 

User-specified; used by 
PROC SGPLOT 

 

When SHOWPLOTS=Y, version 1.2 produces one publication-style plot per macro call. The plot 
uses filled blue circles for paired measurements, a blue weighted Deming fit, a dashed orange 
identity line, light grid lines, and an upper-left legend. When SHOWBANDS=Y and jackknife 
inference is valid, a light orange pointwise confidence band is added; when SHOWBANDS=N or 
jackknife inference is unavailable, the same plot is produced without the band. By default 
SHOWFITBOX=Y adds a compact opaque box at the lower right containing the fitted equation in 
Y=mX+b form followed by the selected confidence-level intervals for the slope and intercept; set 
SHOWFITBOX=N to omit it. XGRAPHMIN/XGRAPHMAX/XGRAPHINCREMENT and 
YGRAPHMIN/YGRAPHMAX/YGRAPHINCREMENT allow independent axis control; the legacy 
GRAPH parameters remain supported as common-axis fallbacks. By default PRINTRESULTS=N 
suppresses the routine parameter table from ODS; set PRINTRESULTS=Y when that table is 
desired. 

The identity line is included to support method-comparison interpretation. Visual disagreement 
between the fitted weighted Deming line and the identity line suggests constant bias, proportional bias, 
or both. The plot should be interpreted alongside the numerical confidence intervals and the study’s 
prespecified acceptance criteria. 

Programming Details 

The macro proceeds in five main steps. 



1. Validate macro inputs. Required parameters are checked. If only one of VARX and VARY 
is supplied, the macro stops with an error because the weighted Deming objective requires 
both variances. When variance columns are omitted, WEIGHTMODEL is accepted only 
when it exactly matches CONSTANT or PROPORTIONAL; substrings or abbreviations are 
rejected. 
 

2. Create complete analysis data. The macro copies XVAR to an internal variable x, copies 
YVAR to y, defines varx_w and vary_w, and retains only complete observations with positive 
variances. USER variances are used exactly as supplied. MINVAR is applied only when the 
PROPORTIONAL working variances are constructed. 
 

3. Fit weighted Deming model in PROC IML. The macro initializes the slope with OLS, 
iterates the York/Deming slope update, then calculates the intercept from final weighted 
means. 
 

4. Compute jackknife uncertainty. The model is refit after deleting each observation in turn. 
Convergence and numerical-problem flags are retained for every deletion in LOOOUT. 
Jackknife standard errors, parameter confidence intervals, and pointwise fitted-mean 
confidence bands are computed only when the full-data fit and every leave-one-out fit are 
valid; otherwise these inferential quantities are returned as missing. 
 

5. Create graphs and output data. The macro creates the user-named parameter, summary, 
leave-one-out, residual, and graphing outputs; builds a plotting grid over the X-axis range; 
and creates one publication-style PROC SGPLOT display according to SHOWPLOTS, 
SHOWBANDS, and SHOWFITBOX. Axis-specific XGRAPH* and YGRAPH* controls 
determine the displayed ranges and tick increments. 

The following pseudocode summarizes the estimation step: 

Input: x, y, varx, vary 

Initialize beta with OLS slope 

Repeat until convergence: 

    w_i = 1 / (vary_i + beta^2 * varx_i) 

    xbar_w = sum(w_i * x_i) / sum(w_i) 

    ybar_w = sum(w_i * y_i) / sum(w_i) 

    U_i = x_i - xbar_w 

    V_i = y_i - ybar_w 

    wx_i = 1 / varx_i 

    wy_i = 1 / vary_i 

    z_i = w_i * (U_i / wy_i + beta * V_i / wx_i) 

    beta_new = sum(w_i * z_i * V_i) / sum(w_i * z_i * U_i) 

    Check convergence 

alpha = ybar_w - beta * xbar_w 

 

Methodology 

Statistical Model and Notation 
Suppose we observe paired measurements 

(𝑥𝑖, 𝑦𝑖),  𝑖 = 1, … , 𝑛, 

where x is the reference or comparator method and y is the test or candidate method. The target 
linear relationship is 

𝑌𝑖 = 𝛼 + 𝛽𝑋𝑖  

where 𝑋𝑖 and 𝑌𝑖 are the latent error-free quantities. The observed measurements are modeled as 



𝑥𝑖 = 𝑋𝑖 + 𝑒𝑥𝑖 

𝑦𝑖 = 𝑌𝑖 + 𝑒𝑦𝑖  

The macro assumes independent measurement errors with zero means and known or working 
variances (Kendall & Stuart, 1961): 

𝑉𝑎𝑟(𝑒𝑥𝑖) = 𝜎𝑥𝑖
2  ,  𝑉𝑎𝑟(𝑒𝑦𝑖) = 𝜎𝑦𝑖

2  

In USER mode, these variances are supplied as VARX and VARY, respectively. In CONSTANT and 
PROPORTIONAL modes, the macro constructs the working variances internally as described below.  

For observation-specific variances, write 

𝑣𝑥𝑖 = 𝜎𝑥𝑖
2 ,  𝑣𝑦𝑖 = 𝜎𝑦𝑖

2 . 

The fitted line is reported as 

𝑦̂ = 𝛼̂ + 𝛽̂𝑥. 

The intercept 𝛼 estimates constant bias on the analysis scale. The slope 𝛽 estimates proportional bias 
on the analysis scale. A slope of 1 and an intercept of 0 correspond to agreement with the identity 
line, subject to sampling uncertainty and the clinical or analytical acceptance criteria for the study. 

Ordinary Deming Regression 
For ordinary Deming regression, the error variances are assumed constant across observations. Let 

𝛿 =
𝜎𝑦

2

𝜎𝑥
2 

Some authors define the variance ratio in the inverse direction (Francq & Govaerts, 2014). To avoid 
ambiguity, this paper defines δ as Y-error variance divided by X-error variance. In wDEMREG, this 
ratio may be specified directly through DELTA= for the CONSTANT model. When observation-specific 
variances are available, the USER model instead works directly with VARX and VARY. The weighted 
objective below uses the residual variance induced by both measurement errors. 

The CONSTANT option fits an ordinary Deming model with constant absolute measurement-error 
variances. The macro sets VARX=1 and VARY=DELTA, where DELTA is defined as the Y-error 
variance divided by the X-error variance. DELTA defaults to 1, giving the equal-absolute-variance 
orthogonal-regression special case. A known constant ratio other than 1 can therefore be specified 
directly with DELTA=; users may still supply constant VARX and VARY columns through the USER 
model when that representation is more convenient. 

Let 𝑆𝑥𝑥, 𝑆𝑦𝑦, and 𝑆𝑥𝑦 denote the usual centered sums of squares and cross-products. With the 

definition of 𝛿 above, the ordinary Deming slope can be written as 

𝛽̂ =
𝑆𝑦𝑦 − 𝛿𝑆𝑥𝑥 + √(𝑆𝑦𝑦 − 𝛿𝑆𝑥𝑥)

2
+ 4𝛿𝑆𝑥𝑦

2

2𝑆𝑥𝑦
 

The intercept is then 

𝛼̂ = 𝑦̅ − 𝛽̂𝑥̅ 



When 𝛿 = 1, this is orthogonal regression, where X and Y are assumed to have equal absolute 
measurement-error variances. When the X-error variance is very small relative to the Y-error variance, 
the Deming line approaches the usual OLS regression of Y on X. 

Weighted Deming Regression 
For observation-specific variances, wDEMREG estimates 𝛼 and 𝛽 by minimizing the weighted 
errors-in-variables criterion 

𝑄(𝛼, 𝛽) = ∑
(𝑦𝑖 − 𝛼 − 𝛽𝑥𝑖)2

𝑣𝑦𝑖 + 𝛽2𝑣𝑥𝑖

𝑛

𝑖=1

 

This expression is central to the macro. The denominator contains both the Y measurement-error 
variance and the X measurement-error variance projected through the slope. Because 𝛽 appears in 
the denominator, the fitting problem is not equivalent to ordinary weighted least squares with fixed 
weights. 

For a fixed candidate slope, define 

𝑤𝑖(𝛽) =
1

𝑣𝑦𝑖 + 𝛽2𝑣𝑥𝑖
 

 

 

Given these weights, the weighted means are 

𝑥̅𝑤 =
∑ 𝑤𝑖𝑥𝑖𝑖

∑ 𝑤𝑖𝑖

  , y̅𝑤 =
∑ 𝑤𝑖𝑦𝑖𝑖

∑ 𝑤𝑖𝑖

 

The intercept update for a current slope is 

𝛼 = 𝑦̅𝑤 − 𝛽x̅𝑤 

The slope is updated iteratively. In the uncorrelated-error York formulation used by the macro (York, 
1966; York et al., 2004), define 

𝑈𝑖 = 𝑥𝑖 − x̅𝑤 , 𝑉𝑖 = 𝑦𝑖 − 𝑦̅𝑤 

𝑤𝑥𝑖 =
1

𝑣𝑥𝑖
 , 𝑤𝑦𝑖 =

1

𝑣𝑦𝑖
, 

and 

𝑧𝑖 = 𝑤𝑖 (
𝑈𝑖

𝑤𝑦𝑖
+ 𝛽

𝑉𝑖

𝑤𝑥𝑖
) 

The updated slope is 

𝛽𝑛𝑒𝑤 =
∑ 𝑤𝑖𝑧𝑖𝑉𝑖𝑖

∑ 𝑤𝑖𝑧𝑖𝑈𝑖𝑖

 

The algorithm iterates until 

|𝛽𝑛𝑒𝑤 − 𝛽| ≤ 𝑇𝑂𝐿(1 + |𝛽|), 



or until the maximum number of iterations is reached. The macro initializes the slope using the OLS 
slope. After convergence, the intercept is recalculated from the final weighted means. 

Jackknife Standard Errors and Confidence Intervals 
The macro uses a leave-one-out jackknife for inference (Linnet, 1993). Let 

𝜃 = (𝛼̂, 𝛽̂) 

be the parameter vector estimated from all observations, and let 𝜃(−𝑖) be the estimate after removing 

observation i. The jackknife mean is 

𝜃̅𝐽𝐾 =
1

𝑛
∑ 𝜃(−𝑖)

𝑛

𝑖=1

 

The jackknife standard error is 

𝑆𝐸𝐽𝐾(𝜃) = √
𝑛 − 1

𝑛
∑(𝜃(−𝑖) − θ̅𝐽𝐾)

2
𝑛

𝑖=1

 

The macro reports confidence intervals using the usual approximate t distribution-based multiplier: 

𝜃 ± 𝑡1−𝛼/2, 𝑛−2𝑆𝐸𝐽𝐾(𝜃) 

The degrees of freedom n - 2 reflect the two fitted regression parameters. The intervals should be 
interpreted as large-sample approximations. In small samples, highly leveraged data sets, or data with 
influential outliers, the jackknife estimates may be unstable. Version 1.2 records convergence and 
numerical-problem flags for every leave-one-out fit in LOOOUT. If the full-data fit or any leave-one-out 
fit is invalid, the macro suppresses jackknife standard errors, confidence intervals, and confidence 
bands rather than calculating them from invalid deletion fits. Sensitivity analyses and graphical review 
remain important even when all fits converge. 

Simulated Data Example 
A companion simulated data set was created to test the macro. The seed is 20260814. The data 
contains 120 paired observations with a true relationship 

𝑌𝑖 = 0.20 + 1.04𝑋𝑖 

and observation-specific measurement-error variances that increase across the measuring interval. 
The companion CSV file is named wdemreg_simulated_data_seed20260814.csv. 



 

Figure 1. SAS/SGPLOT output produced directly by wDEMREG version 1.2 for the simulated method-comparison 

data under the USER variance model, showing paired measurements, the fitted weighted Deming line, identity line, 

and pointwise jackknife 95% confidence band. 

 

The version 1.2 call below uses the released 120-observation companion CSV and independent axis 
controls to reproduce the SAS display directly in PROC SGPLOT. With ODS Graphics set to 650 by 
500 pixels, the X axis spans 0 to 9 and the Y axis spans 0 to 10. SHOWFITBOX=Y adds the 
compact lower-right fit-summary box with the fitted equation and the 95% confidence intervals for 
slope and intercept. 

The primary macro call uses the supplied observation-specific variances: 

ods graphics / width=650px height=500px noborder ; 

%include "&path./wdemreg.sas" ; 

 

%wdemreg(dsin=wdemreg_sim 

         ,dsout=wdemreg_sim_user 

         ,sampleid=SampleID 

         ,xvar=X 

         ,xlab="Reference method (X)" 

         ,yvar=Y 

         ,ylab="Test method (Y)" 

         ,varx=VarX 

         ,vary=VarY 

         ,parmout=wdemreg_sim_user_parms 

         ,summaryout=wdemreg_sim_user_summary 
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         ,looout=wdemreg_sim_user_loo 

         ,residout=wdemreg_sim_user_resid 

         ,title1="Simulated method-comparison data (seed 20260814)" 

         ,title2= 

         ,alpha=0.05 

         ,XGraphMin=0 

         ,XGraphMax=9 

         ,XGraphIncrement=1 

         ,YGraphMin=0 

         ,YGraphMax=10 

         ,YGraphIncrement=2 

         ,ParmDecimalPlaces=0.001 

         ,showplots=Y 

         ,showbands=Y 

         ,showfitbox=Y 

         ,printresults=N) ; 

For sensitivity analyses, the same data can be run with no variance columns under either the default 
constant-variance model or the proportional-error working model: 

/* Ordinary equal-variance Deming regression */ 

%wdemreg(dsin=wdemreg_sim 

         ,dsout=wdemreg_sim_constant 

         ,sampleid=SampleID 

         ,xvar=X 

         ,yvar=Y 

         ,varx= 

         ,vary= 

         ,weightmodel=CONSTANT 

         ,delta=1 

         ,parmout=wdemreg_sim_constant_parms 

         ,summaryout=wdemreg_sim_constant_summary 

         ,looout=wdemreg_sim_constant_loo 

         ,residout=wdemreg_sim_constant_resid 

         ,showplots=N 

         ,printresults=N) ; 

 

/* Proportional-error working model */ 

%wdemreg(dsin=wdemreg_sim 

         ,dsout=wdemreg_sim_proportional 

         ,sampleid=SampleID 

         ,xvar=X 

         ,yvar=Y 

         ,varx= 

         ,vary= 

         ,weightmodel=PROPORTIONAL 

         ,parmout=wdemreg_sim_proportional_parms 

         ,summaryout=wdemreg_sim_proportional_summary 

         ,looout=wdemreg_sim_proportional_loo 

         ,residout=wdemreg_sim_proportional_resid 

         ,showplots=N 

         ,printresults=N) ; 

Reproducible target values for the companion CSV are shown below. These values correspond to 
valid fits under the USER, CONSTANT (DELTA=1), and PROPORTIONAL models. Version 1.2 
changes graphics, axis controls, fit-summary display, and routine ODS printing but does not change 
the estimating equations or jackknife calculations for valid fits; therefore the numerical targets are 
unchanged from version 1.1. 

  



Table 4. Reproducible validation target values for the companion simulated CSV. 

Model Intercept estimate (95% CI) Slope estimate (95% CI) Notes 

USER 0.266 (0.128, 0.405) 
1.034 (1.002, 1.066) Uses supplied VarX and 

VarY 

CONSTANT 0.257 (0.113, 0.401) 1.035 (1.001, 1.069) Equal absolute variances 

PROPORTIONAL 0.202 (0.044, 0.359) 
1.048 (1.012, 1.085) Uses x^2 and y^2 working 

variances 

 

All three fitted lines are close to the true generating relationship for this simulated example. Differences 
among the models are expected because they weight observations differently. The version 1.2 
companion program compares the three fitted models with the released target-results CSV, includes 
a known-DELTA ordinary Deming example, verifies invariance of the fitted intercept and slope to 
common scaling of USER variances, and retains a commented expected-error test for exact 
WEIGHTMODEL keyword validation. 

Discussion 
Our wDEMREG macro extends the original SAS/IML Deming regression macro framework to 
accommodate observation-specific measurement-error variances. The key statistical change is the 
weighted errors-in-variables objective. This allows the analyst to fit a method-comparison line when 
precision varies across the measuring interval. 

The macro is intended to be accessible to SAS programmers. Inputs are standard SAS data set 
variables, the main computations occur in PROC IML, and the graph is produced with PROC SGPLOT. 
User-selectable PARMOUT and SUMMARYOUT data sets support reporting and validation, LOOOUT 
exposes deletion-specific convergence and influence information, and RESIDOUT contains objective-
scale residual diagnostics. Version 1.2 aligns the ODS graph with the publication-style display in 
Figure 1, adds independent X- and Y-axis controls, and provides a compact optional fit-summary box 
containing Y=mX+b and the parameter confidence intervals while retaining the legacy common-axis 
parameters for backward compatibility. Because the macro also supports ordinary constant-variance 
Deming through a direct DELTA parameter, it can be used as a replacement for the earlier macro in 
many settings, provided that the Y-error/X-error variance-ratio convention is understood. 

The most important implementation caution is the distinction between weighted least squares and 
weighted Deming regression. A fixed-weight vertical least-squares fit is not a Deming fit, even if the 
weights are derived from variance information. The slope-dependent denominator in the weighted 
Deming objective is necessary because measurement error in X contributes to the residual variance 
through the slope. 

Practical Guidance for Method-Comparison Use 
Before fitting weighted Deming regression, the analyst should inspect the scatterplot. Weighted 
Deming regression assumes the relationship is approximately linear on the analysis scale. If the 
relationship is nonlinear, a transformation may be needed before the model is applicable (LaLonde, 
2005). In molecular diagnostics and other settings with multiplicative error structures, log-scale 
analysis is often more appropriate than analysis on the original scale (Njoya & Hemyari, 2017). 

The analyst should also decide how VARX and VARY will be obtained. Preferred sources include 
replicate measurements, precision studies, variance-function estimates, or validated assay 
imprecision models. If the only available model is proportional to the observed values, the proportional-
error option can be useful, but it should be described as a working model and examined with sensitivity 



analyses. Because MINVAR is on the squared measurement scale, its numerical value should be 
chosen with the assay units and measurement range in mind; the proportional option is most natural 
for positive ratio-scale measurements. 

Finally, the fitted intercept and slope should not be interpreted mechanically. A statistically significant 
difference from 0 for the intercept or from 1 for the slope may or may not be practically meaningful. 
The interpretation should be tied to the analytical measurement range, the intended use of the assay 
or method, and prespecified acceptance criteria. 

Assumptions and Limitations 
The current macro assumes the following: 

1. The target relationship is linear on the analysis scale. 

2. Measurement errors have zero mean after any calibration or preprocessing. 

3. X and Y measurement errors are independent within observation. 

4. Observation-specific variances are known or are acceptable working estimates. 

5. The observations are independent across samples. 

6. The complete-case data set contains enough information to estimate a stable line. 

The macro does not currently implement correlated measurement errors. If within-sample X and Y 

errors have covariance 𝑐𝑖, the residual variance becomes 

𝑣𝑦𝑖 + 𝛽2𝑣𝑥𝑖 − 2𝛽𝑐𝑖 

and the estimating equations must be modified. The macro also does not currently implement robust 
outlier-resistant fitting. Version 1.2 exposes leave-one-out changes in intercept and slope through 
LOOOUT and provides vertical, variance-scaled objective residuals in RESIDOUT, which can be used 
for residual plots and sensitivity review. Highly influential observations should still be investigated 
substantively, and robust or alternative models should be considered when the scientific setting 
warrants them. 

Important note:  When VARX and VARY are themselves estimated from finite replicate or precision 
studies, the current jackknife confidence intervals do not explicitly propagate uncertainty in those 
variance estimates. 

Important Distinction: Weighted Deming Is Not Weighted Least Squares 
A common programming error is to update fixed weights and then minimize only a vertical residual 
sum of squares, 

∑ 𝑤𝑖(𝑦𝑖 − 𝛼 − 𝛽𝑥𝑖)2

𝑖

 

If the weights are fixed, this is weighted least squares. If all weights are equal, it is OLS. It is not 
Deming regression because it does not account for error in X. Weighted Deming must use the variance 
of the vertical residual induced by both the X and Y measurement errors: 

𝑉𝑎𝑟(𝑦𝑖 − 𝛼 − 𝛽𝑥𝑖) = 𝑣𝑦𝑖 + 𝛽2𝑣𝑥𝑖 



This is why the wDEMREG objective contains the denominator 𝑣𝑦𝑖 + 𝛽2𝑣𝑥𝑖 and why the weights must 

be updated as the slope changes. 

Conclusion 
Weighted Deming regression is a useful extension of ordinary Deming regression for method-
comparison studies with heteroscedastic measurement error. Our wDEMREG macro provides a 
SAS/IML implementation that accepts observation-specific variances, supports constant-variance 
models with a user-specified DELTA and a proportional working variance model, computes jackknife 
confidence intervals only from valid fits, exposes leave-one-out and residual diagnostics, and 
produces a publication-style method-comparison plot with independent axis controls and an optional 
fitted-equation/confidence-interval summary box. The macro gives SAS programmers a practical 
framework for method-comparison analysis when both methods are measured with error and precision 
changes over the measuring interval. 

References 
Adcock RJ. “A problem in least squares.” The Analyst. 1878;5(2):53-54. 

Canchola JA, Oza N, Wang B. “A SAS macro wrapper for an efficient Deming regression algorithm 

via PROC IML: The Wicklin method.” Proceedings of PharmaSUG 2022, Austin, TX. Paper SA-004. 

Deal AM, Pate VW, El Rouby S. “A SAS® macro for Deming regression.” Proceedings of 

PharmaSUG 2009, Portland, OR. Paper CC-014. 

Deming WE. Statistical Adjustment of Data. New York: Wiley; 1943. 

Francq BG, Govaerts BB. “Measurement methods comparison with errors-in-variables regressions. 

From horizontal to vertical OLS regression, review and new perspectives.” Chemometrics and 

Intelligent Laboratory Systems. 2014;134:123-139. 

Kendall MG, Stuart A. The Advanced Theory of Statistics. Volume II. London: Griffin; 1961. 

Koopmans TC. Linear Regression Analysis of Economic Time Series. Haarlem, Netherlands: 

DeErven F. Bohn; 1936. 

Kummell CH. “Reduction of observation equations which contain more than one observed quantity.” 

The Analyst. 1879;6(4):97-105. 

LaLonde SM. “Transforming variables for normality and linearity - when, how, why and why not’s.” 

Proceedings of NESUG 18; 2005. 

Linnet K. “Estimation of the linear relationship between the measurements of two methods with 

proportional errors.” Statistics in Medicine. 1990;9:1463-1473. 

Linnet K. “Evaluation of regression procedures for methods comparison studies.” Clinical Chemistry. 

1993;39(3):424-432. 

Njoya M, Hemyari P. “Application of Deming regression in molecular diagnostics using a SAS® 

macro.” Proceedings of PharmaSUG 2017, Baltimore, MD. Paper TT12. 

Wicklin R. “Deming regression for comparing different measurement methods.” SAS Blogs; 2019. 

York D. “Least-squares fitting of a straight line.” Canadian Journal of Physics. 1966;44:1079-1086. 

York D, Evensen NM, Martinez ML, De Basabe Delgado J. “Unified equations for the slope, 

intercept, and standard errors of the best straight line.” American Journal of Physics. 

2004;72(3):367-375. 



Acknowledgments 
The authors thank Roche reviewers and SAS colleagues who provided feedback on the macro, the 
statistical approach, and the presentation of weighted Deming regression for method-comparison 
applications. 

Contact Information 
Your comments and questions are valued and encouraged. Contact the corresponding author: 

Jesse A. Canchola 
Roche Molecular Systems, Inc. 
4300 Hacienda Drive 
Pleasanton, CA 94588 
Email: jesse.canchola@roche.com 
Email: jcanch@gmail.com 

SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks 
of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and 
product names are trademarks of their respective companies. 

  



Appendix A: Recommended Macro Header and Versioning Notes 

The version 1.2 macro header states the variance convention, failure handling, diagnostic outputs, 

and publication-style graphics behavior explicitly. A recommended summary is shown below: 

/**************************************************************************** 

* SAS MACRO: WDEMREG 

* VERSION: 1.2 

* PURPOSE: Weighted Deming regression for paired method-comparison data. 

* 

* MODEL: Y = alpha + beta X 

* 

* OBJECTIVE: 

*   Q(alpha,beta) = sum_i (y_i - alpha - beta*x_i)^2 / 

*                         (vary_i + beta^2*varx_i) 

* 

* VARIANCE BEHAVIOR: 

*   USER: use positive VARX and VARY exactly as supplied. 

*   CONSTANT: varx=1 and vary=DELTA; DELTA defaults to 1. 

*   PROPORTIONAL: varx=max(x^2,MINVAR), vary=max(y^2,MINVAR). 

*   MINVAR applies only to the PROPORTIONAL working model. 

* 

* INFERENCE AND DIAGNOSTICS: 

*   Leave-one-out jackknife standard errors and confidence intervals. 

*   If the full fit or any LOO fit is invalid, jackknife SEs/CIs/bands are 

*   returned as missing. LOOOUT and RESIDOUT expose diagnostic information. 

* 

* GRAPHICS: 

*   One publication-style plot per call. SHOWBANDS=Y adds the pointwise band 

*   when valid. SHOWFITBOX=Y adds a lower-right Y=mX+b summary with parameter 

*   confidence intervals. XGRAPH* and YGRAPH* provide independent axis control, 

*   and PRINTRESULTS=N keeps routine ODS output focused on the graph. 

****************************************************************************/ 

Appendix B: Companion Simulated Data Analysis Program 
The companion CSV was generated with seed 20260814 and is distributed as a fixed reproducibility 
test fixture. The following SAS program imports that released CSV and runs the primary USER 
variance model using version 1.2. The graphics settings, independent axis controls, and 
SHOWFITBOX=Y setting are the settings used for the intended Figure 1 display. Using the fixed 
CSV makes the numerical target independent of later changes to data generation code or random-
number implementation. The full companion validation program is provided in Appendix C. 

%let path = /your/project/path ; 

 

options nodate nonumber missing=" " validvarname=v7 ; 

ods graphics / width=650px height=500px noborder ; 

 

proc import datafile="&path./wdemreg_simulated_data_seed20260814.csv" 

            out=wdemreg_sim 

            dbms=csv 

            replace ; 

  guessingrows=max ; 

run ; 

 

%include "&path./wdemreg.sas" ; 

 

%wdemreg(dsin=wdemreg_sim, 

         dsout=wdemreg_sim_user, 

         sampleid=SampleID, 

         xvar=X, 

         xlab="Reference method (X)", 

         yvar=Y, 

         ylab="Test method (Y)", 

         varx=VarX, 

         vary=VarY, 



         parmout=wdemreg_sim_user_parms, 

         summaryout=wdemreg_sim_user_summary, 

         looout=wdemreg_sim_user_loo, 

         residout=wdemreg_sim_user_resid, 

         title1="Simulated method-comparison data (seed 20260814)", 

         title2=, 

         alpha=0.05, 

         XGraphMin=0, 

         XGraphMax=9, 

         XGraphIncrement=1, 

         YGraphMin=0, 

         YGraphMax=10, 

         YGraphIncrement=2, 

         ParmDecimalPlaces=0.001, 

         showplots=Y, 

         showbands=Y, 

         showfitbox=Y, 

         printresults=N) ; 

 

proc print data=wdemreg_sim_user_parms noobs label ; 

  title3 "Parameter estimates: USER variance model" ; 

run ; 

 

proc print data=wdemreg_sim_user_loo noobs ; 

  where Converged=0 or Bad=1 ; 

  title3 "Failed leave-one-out fits, if any" ; 

run ; 

title3 ; 

Appendix C: Macro Call (also found online: https://bit.ly/4gHtEaJ) 
/******************************************************************************** 

* SAS MACRO CALL FOR SAS MACRO: WDEMREG.sas 

* VERSION:   1.2 

* PURPOSE:   Companion-data analysis, publication-style Figure 1 output, and 

*            reproducibility checks for weighted Deming regression. 

* 

* VERSION 1.2 GRAPHICS: 

*   - One publication-style graph per macro call. 

*   - Filled blue paired measurements and weighted Deming fit. 

*   - Light orange pointwise jackknife confidence band. 

*   - Dashed orange identity line and upper-left legend. 

*   - Compact lower-right fit-summary box with Y=mX+b and 95% CIs. 

*   - Independent X/Y axis controls via XGRAPH* and YGRAPH* parameters. 

*   - PRINTRESULTS=N suppresses routine parameter tables from ODS output; 

*     parameter and diagnostic results remain available in output data sets. 

********************************************************************************/ 

options validvarname=v7 ; 

 

/* Set this to the folder containing the macro and companion CSV files. */ 

%let path = C:/temp ; 

 

ods graphics / width=650px height=500px noborder ; 

 

/* Released 120-observation companion data used for Figure 1 and Table 4. */ 

proc import datafile="&path./wdemreg_simulated_data_seed20260814.csv" 

            out=wdemreg_sim 

            dbms=csv 

            replace ; 

  guessingrows=max ; 

run ; 

 

/* Released numerical targets used for validation. */ 

proc import datafile="&path./wdemreg_simulated_data_seed20260814_target_results.csv" 

            out=wdemreg_target 

            dbms=csv 

            replace ; 

  guessingrows=max ; 

run ; 

 

%include "&path./wdemreg.sas" ; 

 



/* Primary USER-variance analysis. This call is configured to reproduce the 

   publication-style display in Figure 1. */ 

%wdemreg(dsin=wdemreg_sim 

        ,dsout=wdemreg_sim_user 

        ,sampleid=SampleID 

        ,xvar=X 

        ,xlab="Reference method (X)" 

        ,yvar=Y 

        ,ylab="Test method (Y)" 

        ,varx=VarX 

        ,vary=VarY 

        ,parmout=wdemreg_sim_user_parms 

        ,summaryout=wdemreg_sim_user_summary 

        ,looout=wdemreg_sim_user_loo 

        ,residout=wdemreg_sim_user_resid 

        ,title1="Simulated method-comparison data (seed 20260814)" 

        ,title2= 

        ,alpha=0.05 

        ,XGraphMin=0 

        ,XGraphMax=9 

        ,XGraphIncrement=1 

        ,YGraphMin=0 

        ,YGraphMax=10 

        ,YGraphIncrement=2 

        ,ParmDecimalPlaces=0.001 

        ,showplots=Y 

        ,showbands=Y 

        ,showfitbox=Y 

        ,printresults=N 

        ) ; 

 

/* Sensitivity analysis: ordinary equal-variance Deming (DELTA=1). */ 

%wdemreg(dsin=wdemreg_sim 

        ,dsout=wdemreg_sim_constant 

        ,sampleid=SampleID 

        ,xvar=X 

        ,yvar=Y 

        ,weightmodel=CONSTANT 

        ,delta=1 

        ,parmout=wdemreg_sim_constant_parms 

        ,summaryout=wdemreg_sim_constant_summary 

        ,looout=wdemreg_sim_constant_loo 

        ,residout=wdemreg_sim_constant_resid 

        ,showplots=N 

        ,printresults=N 

        ) ; 

 

/* Sensitivity analysis: proportional-error working model. */ 

%wdemreg(dsin=wdemreg_sim 

        ,dsout=wdemreg_sim_proportional 

        ,sampleid=SampleID 

        ,xvar=X 

        ,yvar=Y 

        ,weightmodel=PROPORTIONAL 

        ,parmout=wdemreg_sim_proportional_parms 

        ,summaryout=wdemreg_sim_proportional_summary 

        ,looout=wdemreg_sim_proportional_loo 

        ,residout=wdemreg_sim_proportional_resid 

        ,showplots=N 

        ,printresults=N 

        ) ; 

 

/* Optional example: ordinary Deming with a known constant variance ratio. */ 

%wdemreg(dsin=wdemreg_sim 

        ,dsout=wdemreg_sim_delta25 

        ,sampleid=SampleID 

        ,xvar=X 

        ,yvar=Y 

        ,weightmodel=CONSTANT 

        ,delta=2.5 

        ,parmout=wdemreg_sim_delta25_parms 

        ,summaryout=wdemreg_sim_delta25_summary 

        ,looout=wdemreg_sim_delta25_loo 

        ,residout=wdemreg_sim_delta25_resid 

        ,showplots=N 



        ,printresults=N 

        ) ; 

 

/* Compare the three principal model fits with the released target results. */ 

data wdemreg_actual ; 

  length WeightModel $12 ; 

  set wdemreg_sim_user_parms(in=inUser) 

      wdemreg_sim_constant_parms(in=inConstant) 

      wdemreg_sim_proportional_parms(in=inProportional) ; 

 

  if inUser then WeightModel = "USER" ; 

  else if inConstant then WeightModel = "CONSTANT" ; 

  else if inProportional then WeightModel = "PROPORTIONAL" ; 

 

  SE_Jackknife = StdErr ; 

  Lower95CL = LowerCL ; 

  Upper95CL = UpperCL ; 

  Iterations = FullIterations ; 

  Converged = FullConverged ; 

 

  keep WeightModel Parameter Estimate SE_Jackknife Lower95CL Upper95CL 

       Iterations Converged Objective ; 

run ; 

 

proc sort data=wdemreg_target ; 

  by WeightModel Parameter ; 

run ; 

 

proc sort data=wdemreg_actual ; 

  by WeightModel Parameter ; 

run ; 

 

proc compare base=wdemreg_target 

             compare=wdemreg_actual 

             criterion=1e-6 method=absolute ; 

  id WeightModel Parameter ; 

  var Estimate SE_Jackknife Lower95CL Upper95CL Iterations Converged Objective ; 

run ; 

 

/* Reproducibility check: common scaling of USER variances must not change the 

   fitted intercept or slope apart from numerical roundoff. */ 

data wdemreg_sim_scaled ; 

  set wdemreg_sim ; 

  VarX100 = 100 * VarX ; 

  VarY100 = 100 * VarY ; 

run ; 

 

%wdemreg(dsin=wdemreg_sim_scaled 

        ,dsout=wdemreg_sim_scaled_out 

        ,sampleid=SampleID 

        ,xvar=X 

        ,yvar=Y 

        ,varx=VarX100 

        ,vary=VarY100 

        ,parmout=wdemreg_sim_scaled_parms 

        ,summaryout=wdemreg_sim_scaled_summary 

        ,looout=wdemreg_sim_scaled_loo 

        ,residout=wdemreg_sim_scaled_resid 

        ,showplots=N 

        ,printresults=N 

        ) ; 

 

proc compare base=wdemreg_sim_user_summary 

             compare=wdemreg_sim_scaled_summary 

             criterion=1e-10 method=absolute ; 

  var intercept slope ; 

run ; 

 

/* Review any failed leave-one-out fits. A normal run should print no rows. */ 

proc print data=wdemreg_sim_user_loo noobs ; 

  where Converged = 0 or Bad = 1 ; 

  title "Failed leave-one-out fits, if any" ; 

run ; 

title ; 

 



/* Expected-error validation for exact keyword matching (uncomment to test): 

%wdemreg(dsin=wdemreg_sim, dsout=bad_keyword_test, sampleid=SampleID, 

         xvar=X, yvar=Y, weightmodel=PROP, showplots=N) ; 

*/ 

 

/* *************************** end of program *************************** */ 

Appendix D: Complete Macro Code (also found online: https://bit.ly/4gHtEaJ) 
/******************************************************************************** 

* SAS MACRO: WDEMREG 

* VERSION:   1.2 

* PURPOSE:   Weighted Deming regression for paired method-comparison data. 

* 

* METHOD: 

*   The macro fits the linear measurement relationship 

* 

*        Y = alpha + beta X 

* 

*   when both X and Y are measured with error. If observation-specific 

*   measurement-error variances are supplied, the objective function is 

* 

*        Q(alpha,beta) = sum_i (y_i - alpha - beta x_i)^2 / 

*                              (vary_i + beta^2 varx_i). 

* 

*   The estimating algorithm is the uncorrelated-error York/Deming iteration. 

*   A fixed-weight vertical least-squares fit is not Deming regression because 

*   measurement error in X also contributes to the residual variance. 

* 

* VARIANCE MODELS: 

*   USER: 

*     If VARX= and VARY= are both supplied, those positive values are used 

*     exactly as supplied. MINVAR is not applied to USER variances. 

* 

*   CONSTANT: 

*     If VARX= and VARY= are omitted, WEIGHTMODEL=CONSTANT uses varx_i=1 and 

*     vary_i=DELTA. DELTA is the constant Y-error/X-error variance ratio and 

*     defaults to 1, giving the equal-absolute-variance Deming special case. 

* 

*   PROPORTIONAL: 

*     If VARX= and VARY= are omitted and WEIGHTMODEL=PROPORTIONAL, use 

*     varx_i=max(x_i^2,MINVAR) and vary_i=max(y_i^2,MINVAR). This is an 

*     equal-CV working model. MINVAR applies only to this working model. 

* 

* INFERENCE AND DIAGNOSTICS: 

*   Standard errors and confidence intervals use a leave-one-out jackknife. 

*   If the full-data fit or any leave-one-out fit has a numerical problem or 

*   fails to converge, jackknife standard errors, confidence intervals, and 

*   confidence bands are returned as missing rather than using an invalid fit. 

*   LOOOUT contains deletion diagnostics for every observation, and RESIDOUT 

*   contains objective-scale residual diagnostics. 

* 

* GRAPHICS (VERSION 1.2): 

*   One publication-style SGPLOT is produced per call when SHOWPLOTS=Y. 

*   SHOWBANDS=Y adds the pointwise jackknife confidence band when inference is 

*   valid. A legend identifies paired measurements, the fitted line, the band, 

*   and the identity line. SHOWFITBOX=Y adds a compact lower-right box with the 

*   fitted equation in Y=mX+b form and the jackknife confidence intervals for 

*   slope and intercept. PRINTRESULTS=N keeps routine ODS output focused on the 

*   graph; use PRINTRESULTS=Y to print the parameter table. 

* 

*   XGRAPHMIN/XGRAPHMAX/XGRAPHINCREMENT and 

*   YGRAPHMIN/YGRAPHMAX/YGRAPHINCREMENT provide independent axis control. 

*   The legacy GRAPHMIN/GRAPHMAX/GRAPHINCREMENT parameters remain supported as 

*   common-axis fallbacks for backward compatibility. 

* 

* REQUIRED PARAMETERS: 

*   DSIN, DSOUT, SAMPLEID, XVAR, YVAR 

* 

* OPTIONAL PARAMETERS: 

*   XLAB, YLAB, VARX, VARY, TITLE1, TITLE2, ALPHA, 

*   GRAPHMIN, GRAPHMAX, GRAPHINCREMENT, 

*   XGRAPHMIN, XGRAPHMAX, XGRAPHINCREMENT, 

*   YGRAPHMIN, YGRAPHMAX, YGRAPHINCREMENT, 



*   PARMDECIMALPLACES, WEIGHTMODEL=CONSTANT|PROPORTIONAL, DELTA=1, 

*   PARMOUT=WPARMDATA, SUMMARYOUT=WPARMDAT, LOOOUT=WDEMREG_LOO, 

*   RESIDOUT=WDEMREG_RESID, SHOWPLOTS=Y|N, SHOWBANDS=Y|N, 

*   SHOWFITBOX=Y|N, PRINTRESULTS=N|Y, NGRID=200, MAXITER=100, TOL=1E-10, 

*   MINVAR=1E-12, CLEANUP=Y|N 

* 

* NOTES: 

*   1. VARX and VARY must be supplied as a pair. Supplying only one is an error. 

*   2. USER VARX and VARY must be positive for all retained observations. 

*   3. If VARX/VARY are supplied, WEIGHTMODEL and DELTA are ignored. 

*   4. WEIGHTMODEL is validated by exact keyword matching. 

*   5. A common multiplicative scaling of both VARX and VARY does not change the 

*      fitted line, but changing their relative scale can change the fit. 

********************************************************************************/ 

%macro wdemreg(dsin= 

              ,dsout= 

              ,sampleid= 

              ,xvar= 

              ,xlab= 

              ,yvar= 

              ,ylab= 

              ,varx= 

              ,vary= 

              ,title1= 

              ,title2= 

              ,alpha=0.05 

              ,GraphMin= 

              ,GraphMax= 

              ,GraphIncrement=1 

              ,XGraphMin= 

              ,XGraphMax= 

              ,XGraphIncrement= 

              ,YGraphMin= 

              ,YGraphMax= 

              ,YGraphIncrement= 

              ,ParmDecimalPlaces=0.001 

              ,weightmodel=CONSTANT 

              ,delta=1 

              ,parmout=WPARMDATA 

              ,summaryout=WPARMDAT 

              ,looout=WDEMREG_LOO 

              ,residout=WDEMREG_RESID 

              ,showplots=Y 

              ,showbands=Y 

              ,showfitbox=Y 

              ,printresults=N 

              ,ngrid=200 

              ,maxiter=100 

              ,tol=1e-10 

              ,minvar=1e-12 

              ,cleanup=Y 

              ) ; 

 

  %local _wm _has_varx _has_vary _xgmin _xgmax _ygmin _ygmax 

         _xginc _yginc _xlab _ylab _bad_input ; 

  %let _bad_input = 0 ; 

  %let _has_varx = %eval(%length(%superq(varx)) > 0) ; 

  %let _has_vary = %eval(%length(%superq(vary)) > 0) ; 

  %let _wm = %upcase(%superq(weightmodel)) ; 

 

  %if %length(%superq(dsin)) = 0 %then %do ; 

    %put ERROR: WDEMREG: DSIN is required. ; %let _bad_input = 1 ; 

  %end ; 

  %if %length(%superq(dsout)) = 0 %then %do ; 

    %put ERROR: WDEMREG: DSOUT is required. ; %let _bad_input = 1 ; 

  %end ; 

  %if %length(%superq(sampleid)) = 0 %then %do ; 

    %put ERROR: WDEMREG: SAMPLEID is required. ; %let _bad_input = 1 ; 

  %end ; 

  %if %length(%superq(xvar)) = 0 %then %do ; 

    %put ERROR: WDEMREG: XVAR is required. ; %let _bad_input = 1 ; 

  %end ; 

  %if %length(%superq(yvar)) = 0 %then %do ; 

    %put ERROR: WDEMREG: YVAR is required. ; %let _bad_input = 1 ; 

  %end ; 



  %if &_has_varx ne &_has_vary %then %do ; 

    %put ERROR: WDEMREG: VARX and VARY must be supplied together, or both omitted. ; 

    %let _bad_input = 1 ; 

  %end ; 

  %if &_has_varx = 0 and &_wm ne CONSTANT and &_wm ne PROPORTIONAL %then %do ; 

    %put ERROR: WDEMREG: WEIGHTMODEL must be exactly CONSTANT or PROPORTIONAL when VARX/VARY are 

omitted. ; 

    %let _bad_input = 1 ; 

  %end ; 

  %if &_bad_input %then %return ; 

 

  %if %length(%superq(xlab)) = 0 %then %let _xlab = "&xvar." ; 

  %else %let _xlab = %superq(xlab) ; 

  %if %length(%superq(ylab)) = 0 %then %let _ylab = "&yvar." ; 

  %else %let _ylab = %superq(ylab) ; 

 

  %if &_has_varx %then %let _wm = USER ; 

  %if %length(%superq(alpha)) = 0 %then %let alpha = 0.05 ; 

  %if %length(%superq(ParmDecimalPlaces)) = 0 %then %let ParmDecimalPlaces = 0.001 ; 

  %if %length(%superq(GraphIncrement)) = 0 %then %let GraphIncrement = 1 ; 

  %if %length(%superq(delta)) = 0 %then %let delta = 1 ; 

  %if %length(%superq(parmout)) = 0 %then %let parmout = WPARMDATA ; 

  %if %length(%superq(summaryout)) = 0 %then %let summaryout = WPARMDAT ; 

  %if %length(%superq(looout)) = 0 %then %let looout = WDEMREG_LOO ; 

  %if %length(%superq(residout)) = 0 %then %let residout = WDEMREG_RESID ; 

  %if %length(%superq(ngrid)) = 0 %then %let ngrid = 200 ; 

  %if %length(%superq(maxiter)) = 0 %then %let maxiter = 100 ; 

  %if %length(%superq(tol)) = 0 %then %let tol = 1e-10 ; 

  %if %length(%superq(minvar)) = 0 %then %let minvar = 1e-12 ; 

 

  data _wdemreg_complete ; 

    set &dsin. ; 

    x = &xvar. ; 

    y = &yvar. ; 

 

    %if &_wm = USER %then %do ; 

      varx_w = &varx. ; 

      vary_w = &vary. ; 

    %end ; 

    %else %if &_wm = PROPORTIONAL %then %do ; 

      varx_w = max(x**2, &minvar.) ; 

      vary_w = max(y**2, &minvar.) ; 

    %end ; 

    %else %do ; 

      varx_w = 1 ; 

      vary_w = &delta. ; 

    %end ; 

 

    if x ne . and y ne . and varx_w ne . and vary_w ne . and 

       varx_w > 0 and vary_w > 0 ; 

  run ; 

 

  proc sql noprint ; 

    select count(*) into :_wd_n trimmed from _wdemreg_complete ; 

  quit ; 

 

  proc means data=_wdemreg_complete noprint ; 

    var x y ; 

    output out=_wdemreg_range min=x_min y_min max=x_max y_max ; 

  run ; 

 

  data _null_ ; 

    set _wdemreg_range ; 

    call symputx("_wd_xmin", x_min) ; 

    call symputx("_wd_xmax", x_max) ; 

    call symputx("_wd_ymin", y_min) ; 

    call symputx("_wd_ymax", y_max) ; 

  run ; 

 

  %if %sysevalf(&_wd_n < 3) %then %do ; 

    %put ERROR: WDEMREG: Fewer than 3 complete observations with positive variances. ; 

    %return ; 

  %end ; 

 

  /* Axis-specific values override legacy common-axis values. */ 



  %if %length(%superq(XGraphMin)) > 0 %then %let _xgmin = %superq(XGraphMin) ; 

  %else %if %length(%superq(GraphMin)) > 0 %then %let _xgmin = %superq(GraphMin) ; 

  %else %let _xgmin = &_wd_xmin ; 

 

  %if %length(%superq(XGraphMax)) > 0 %then %let _xgmax = %superq(XGraphMax) ; 

  %else %if %length(%superq(GraphMax)) > 0 %then %let _xgmax = %superq(GraphMax) ; 

  %else %let _xgmax = &_wd_xmax ; 

 

  %if %length(%superq(YGraphMin)) > 0 %then %let _ygmin = %superq(YGraphMin) ; 

  %else %if %length(%superq(GraphMin)) > 0 %then %let _ygmin = %superq(GraphMin) ; 

  %else %let _ygmin = &_wd_ymin ; 

 

  %if %length(%superq(YGraphMax)) > 0 %then %let _ygmax = %superq(YGraphMax) ; 

  %else %if %length(%superq(GraphMax)) > 0 %then %let _ygmax = %superq(GraphMax) ; 

  %else %let _ygmax = &_wd_ymax ; 

 

  %if %length(%superq(XGraphIncrement)) > 0 %then %let _xginc = %superq(XGraphIncrement) ; 

  %else %let _xginc = &GraphIncrement. ; 

  %if %length(%superq(YGraphIncrement)) > 0 %then %let _yginc = %superq(YGraphIncrement) ; 

  %else %let _yginc = &GraphIncrement. ; 

 

  proc sort data=_wdemreg_complete ; 

    by &sampleid. ; 

  run ; 

 

  /* Preserve the sorted identifier so the IML leave-one-out rows can be keyed. */ 

  data _wdemreg_loo_id ; 

    set _wdemreg_complete(keep=&sampleid.) ; 

    DeletedObs = _n_ ; 

  run ; 

 

  proc iml ; 

    reset noname ; 

    use _wdemreg_complete ; 

      read all var {x y varx_w vary_w} into D ; 

    close _wdemreg_complete ; 

 

    n        = nrow(D) ; 

    alphaVal = &alpha. ; 

    maxIter  = &maxiter. ; 

    tol      = &tol. ; 

 

    call symputx("n", n) ; 

    call symputx("_wd_weightmodel", "&_wm") ; 

 

    start SeqExclude(n, i) ; 

      if i = 1 then return(2:n) ; 

      if i = n then return(1:(n-1)) ; 

      return((1:(i-1)) || ((i+1):n)) ; 

    finish ; 

 

    start WDemingFit(D) global(maxIter, tol) ; 

      xx  = D[,1] ; 

      yy  = D[,2] ; 

      /* USER variances reach this function unchanged; MINVAR is applied only 

         when the PROPORTIONAL working variances are created in the DATA step. */ 

      vxx = D[,3] ; 

      vyy = D[,4] ; 

      nFit = nrow(xx) ; 

 

      Xmat = j(nFit,1,1) || xx ; 

      betaOLS = ginv(Xmat`*Xmat) * Xmat` * yy ; 

      b = betaOLS[2] ; 

 

      converged = 0 ; 

      bad = 0 ; 

      iter = 0 ; 

      do while(iter < maxIter & converged = 0 & bad = 0) ; 

        iter = iter + 1 ; 

        W  = 1 / (vyy + b##2 # vxx) ; 

        sw = sum(W) ; 

        if sw <= 0 then bad = 1 ; 

        else do ; 

          xbar = sum(W # xx) / sw ; 

          ybar = sum(W # yy) / sw ; 



          U = xx - xbar ; 

          V = yy - ybar ; 

 

          wx = 1 / vxx ; 

          wy = 1 / vyy ; 

          z  = W # (U / wy + b # V / wx) ; 

 

          denom = sum(W # z # U) ; 

          numer = sum(W # z # V) ; 

          if abs(denom) <= 1e-14 then bad = 1 ; 

          else do ; 

            bNew = numer / denom ; 

            if abs(bNew - b) <= tol # (1 + abs(b)) then converged = 1 ; 

            b = bNew ; 

          end ; 

        end ; 

      end ; 

 

      W = 1 / (vyy + b##2 # vxx) ; 

      a = sum(W # (yy - b # xx)) / sum(W) ; 

      obj = sum(W # (yy - a - b # xx)##2) ; 

      return(a || b || iter || converged || obj || bad) ; 

    finish ; 

 

    fit = WDemingFit(D) ; 

    intercept = fit[1] ; 

    slope     = fit[2] ; 

    iterFull  = fit[3] ; 

    convFull  = fit[4] ; 

    objFull   = fit[5] ; 

    badFull   = fit[6] ; 

 

    T_LOO = j(n, 2, .) ; 

    convLOO = j(n, 1, .) ; 

    iterLOO = j(n, 1, .) ; 

    badLOO  = j(n, 1, .) ; 

    do i = 1 to n ; 

      idx = SeqExclude(n, i) ; 

      J = D[idx, ] ; 

      fit_i = WDemingFit(J) ; 

      T_LOO[i, ] = fit_i[,1:2] ; 

      iterLOO[i] = fit_i[3] ; 

      convLOO[i] = fit_i[4] ; 

      badLOO[i]  = fit_i[6] ; 

    end ; 

 

    DeletedObs = T(1:n) ; 

    LOOIntercept = T_LOO[,1] ; 

    LOOSlope = T_LOO[,2] ; 

    DeltaIntercept = LOOIntercept - intercept ; 

    DeltaSlope = LOOSlope - slope ; 

    Iterations = iterLOO ; 

    Converged = convLOO ; 

    Bad = badLOO ; 

    create _wdemreg_loo_stats var {DeletedObs LOOIntercept LOOSlope 

                                    DeltaIntercept DeltaSlope Iterations 

                                    Converged Bad} ; 

      append ; 

    close _wdemreg_loo_stats ; 

 

    nFailedLOO = sum((convLOO = 0) | (badLOO = 1)) ; 

    jkValid = (badFull = 0 & convFull = 1 & nFailedLOO = 0) ; 

    call symputx("_wd_jkvalid", jkValid) ; 

    call symputx("_wd_failedloo", nFailedLOO) ; 

    call symputx("_wd_badfull", badFull) ; 

    call symputx("_wd_convfull", convFull) ; 

 

    T = intercept || slope ; 

    df = n - 2 ; 

    tCrit = quantile("T", 1 - alphaVal / 2, df) ; 

 

    if jkValid = 1 then do ; 

      T_Avg = mean(T_LOO) ; 

      StdErrJack = sqrt( ((n - 1) / n) # 

                         (T_LOO - repeat(T_Avg, n, 1))[##,] ) ; 



      Lower = T - tCrit # StdErrJack ; 

      Upper = T + tCrit # StdErrJack ; 

    end ; 

    else do ; 

      T_Avg = j(1, 2, .) ; 

      StdErrJack = j(1, 2, .) ; 

      Lower = j(1, 2, .) ; 

      Upper = j(1, 2, .) ; 

    end ; 

 

    Parameter = {"Intercept", "Slope"}` ; 

    Estimate  = T` ; 

    JackMean  = T_Avg` ; 

    StdErr    = StdErrJack` ; 

    LowerCL   = Lower` ; 

    UpperCL   = Upper` ; 

    FullIterations = (iterFull // iterFull) ; 

    FullConverged  = (convFull // convFull) ; 

    FullBad        = (badFull // badFull) ; 

    Objective      = (objFull // objFull) ; 

    JackknifeValid = (jkValid // jkValid) ; 

    FailedLOOFits  = (nFailedLOO // nFailedLOO) ; 

 

    create &parmout var {Parameter Estimate JackMean StdErr LowerCL UpperCL 

                         FullIterations FullConverged FullBad Objective 

                         JackknifeValid FailedLOOFits} ; 

      append ; 

    close &parmout ; 

 

    se_intercept    = StdErrJack[1] ; 

    lower_intercept = Lower[1] ; 

    upper_intercept = Upper[1] ; 

    se_slope        = StdErrJack[2] ; 

    lower_slope     = Lower[2] ; 

    upper_slope     = Upper[2] ; 

 

    create &summaryout var {intercept se_intercept lower_intercept upper_intercept 

                            slope se_slope lower_slope upper_slope 

                            iterFull convFull badFull objFull jkValid nFailedLOO} ; 

      append ; 

    close &summaryout ; 

 

    call symputx("_wd_intercept_raw", intercept) ; 

    call symputx("_wd_slope_raw",     slope) ; 

    call symputx("_wd_iter",          iterFull) ; 

    call symputx("_wd_converged",     convFull) ; 

 

    /* Pointwise jackknife confidence band for fitted mean relationship. */ 

    gmin = &_xgmin. ; 

    gmax = &_xgmax. ; 

    nGrid = &ngrid. ; 

    if nGrid < 2 then nGrid = 200 ; 

    if gmax <= gmin then do ; 

      gmin = min(D[,1]) ; 

      gmax = max(D[,1]) ; 

    end ; 

    inc = (gmax - gmin) / (nGrid - 1) ; 

    grid = do(gmin, gmax, inc) ; 

    if ncol(grid) > nGrid then grid = grid[,1:nGrid] ; 

 

    fitY = intercept + slope # grid ; 

    if jkValid = 1 then do ; 

      Y_LOO = T_LOO[,1] * j(1, ncol(grid), 1) + T_LOO[,2] * grid ; 

      Y_Avg = mean(Y_LOO) ; 

      seFit = sqrt( ((n - 1) / n) # 

                    (Y_LOO - repeat(Y_Avg, n, 1))[##,] ) ; 

      lowerBand = fitY - tCrit # seFit ; 

      upperBand = fitY + tCrit # seFit ; 

    end ; 

    else do ; 

      lowerBand = j(1, ncol(grid), .) ; 

      upperBand = j(1, ncol(grid), .) ; 

    end ; 

 

    gridx = grid` ; 



    yhat  = fitY` ; 

    LCL   = lowerBand` ; 

    UCL   = upperBand` ; 

 

    create _wdemreg_band var {gridx yhat LCL UCL} ; 

      append ; 

    close _wdemreg_band ; 

  quit ; 

 

  %if &_wd_badfull = 1 %then 

    %put WARNING: WDEMREG: Full-data fit encountered a numerical problem. ; 

  %if &_wd_convfull = 0 %then 

    %put WARNING: WDEMREG: Full-data fit did not meet convergence tolerance. ; 

  %if &_wd_jkvalid = 0 %then 

    %put WARNING: WDEMREG: Jackknife inference suppressed because the full-data fit or one or more 

leave-one-out fits were invalid. Invalid LOO fits=&_wd_failedloo.. ; 

 

  /* Attach SAMPLEID to the leave-one-out diagnostics. */ 

  data &looout. ; 

    merge _wdemreg_loo_id _wdemreg_loo_stats ; 

    label DeletedObs     = "Deletion sequence" 

          LOOIntercept   = "Leave-one-out intercept" 

          LOOSlope       = "Leave-one-out slope" 

          DeltaIntercept = "LOO intercept minus full-data intercept" 

          DeltaSlope     = "LOO slope minus full-data slope" 

          Iterations     = "Leave-one-out iterations" 

          Converged      = "Leave-one-out convergence flag" 

          Bad            = "Leave-one-out numerical-problem flag" ; 

  run ; 

 

  /* Objective-scale residual diagnostics for graphical review and sensitivity analysis. */ 

  data &residout. ; 

    set _wdemreg_complete ; 

    ResidualY   = y - &_wd_intercept_raw. - &_wd_slope_raw. * x ; 

    ResidualVar = vary_w + (&_wd_slope_raw.**2) * varx_w ; 

    FitWeight   = 1 / ResidualVar ; 

    StdResidual = ResidualY / sqrt(ResidualVar) ; 

    label ResidualY   = "Vertical residual y - alpha - beta*x" 

          ResidualVar = "Variance of vertical residual" 

          FitWeight   = "Final weight 1/ResidualVar" 

          StdResidual = "Standardized objective residual" ; 

  run ; 

 

  data _null_ ; 

    set &summaryout. ; 

    length InterceptCI SlopeCI $80 CL $20 

           EquationText SlopeCIText InterceptCIText $120 

           _aText _bText _loAText _hiAText _loBText _hiBText $32 ; 

 

    _a = round(intercept,&ParmDecimalPlaces.) ; 

    _b = round(slope,&ParmDecimalPlaces.) ; 

    _aText = strip(put(_a,best12.)) ; 

    _bText = strip(put(_b,best12.)) ; 

 

    if jkValid = 1 then do ; 

      _loAText = strip(put(round(lower_intercept,&ParmDecimalPlaces.),best12.)) ; 

      _hiAText = strip(put(round(upper_intercept,&ParmDecimalPlaces.),best12.)) ; 

      _loBText = strip(put(round(lower_slope,&ParmDecimalPlaces.),best12.)) ; 

      _hiBText = strip(put(round(upper_slope,&ParmDecimalPlaces.),best12.)) ; 

      InterceptCI = "(" || strip(_loAText) || ", " || strip(_hiAText) || ")" ; 

      SlopeCI = "(" || strip(_loBText) || ", " || strip(_hiBText) || ")" ; 

    end ; 

    else do ; 

      InterceptCI = "NA (jackknife failed)" ; 

      SlopeCI = "NA (jackknife failed)" ; 

    end ; 

 

    CL = cats((1 - &alpha.) * 100, "%") ; 

    if badFull = 0 and convFull = 1 then do ; 

      if _a >= 0 then 

        EquationText = "Y = " || strip(_bText) || " X + " || strip(_aText) ; 

      else 

        EquationText = "Y = " || strip(_bText) || " X - " || strip(put(abs(_a),best12.)) ; 

    end ; 

    else EquationText = "Fit unavailable: full-data fit invalid" ; 



 

    if jkValid = 1 then do ; 

      SlopeCIText = strip(CL) || " CI for slope: " || strip(SlopeCI) ; 

      InterceptCIText = strip(CL) || " CI for intercept: " || strip(InterceptCI) ; 

    end ; 

    else do ; 

      SlopeCIText = "Slope CI unavailable" ; 

      InterceptCIText = "Intercept CI unavailable" ; 

    end ; 

 

    call symputx("Intercept",       _aText) ; 

    call symputx("Slope",           _bText) ; 

    call symputx("InterceptCI",     InterceptCI) ; 

    call symputx("SlopeCI",         SlopeCI) ; 

    call symputx("CL",              CL) ; 

    call symputx("EquationText",    EquationText) ; 

    call symputx("SlopeCIText",     SlopeCIText) ; 

    call symputx("InterceptCIText", InterceptCIText) ; 

  run ; 

 

  %if %upcase(%superq(printresults)) = Y %then %do ; 

    proc print data=&parmout noobs label ; 

      title3 "Weighted Deming Regression Estimates" ; 

    run ; 

    title3 ; 

  %end ; 

 

  data _wdemreg_scatter ; 

    set _wdemreg_complete ; 

    gridx = . ; yhat = . ; LCL = . ; UCL = . ; 

  run ; 

 

  data _wdemreg_band2 ; 

    set _wdemreg_band ; 

    x = . ; y = . ; varx_w = . ; vary_w = . ; 

  run ; 

 

  data &dsout. ; 

    set _wdemreg_scatter _wdemreg_band2 ; 

  run ; 

 

  %if %upcase(%superq(showplots)) = Y %then %do ; 

    /* Publication-style method-comparison plot. One plot is produced per call. */ 

    proc sgplot data=&dsout. noautolegend ; 

      %if %upcase(%superq(showbands)) = Y and &_wd_jkvalid = 1 %then %do ; 

        band x=gridx lower=LCL upper=UCL / 

          name="Band" 

          legendlabel="Pointwise jackknife &CL. CI" 

          fillattrs=(color=cxff7f0e) 

          transparency=0.82 ; 

      %end ; 

 

      scatter y=y x=x / 

        name="Pairs" 

        legendlabel="Paired measurements" 

        markerattrs=(symbol=circlefilled size=7px color=cx1f77b4) 

        transparency=0.08 ; 

 

      series x=gridx y=yhat / 

        name="WDeming" 

        legendlabel="Weighted Deming fit" 

        lineattrs=(thickness=2 color=cx1f77b4 pattern=solid) ; 

 

      lineparm x=0 y=0 slope=1 / clip 

        name="Unity" 

        legendlabel="Identity line" 

        lineattrs=(thickness=1.5 color=cxff7f0e pattern=shortdash) ; 

 

      xaxis label=%unquote(&_xlab.) 

        values=(&_xgmin. to &_xgmax. by &_xginc.) 

        grid gridattrs=(color=cxe6e6e6 thickness=1) 

        labelattrs=(family="Arial" size=10pt) 

        valueattrs=(family="Arial" size=9pt) ; 

 

      yaxis label=%unquote(&_ylab.) 



        values=(&_ygmin. to &_ygmax. by &_yginc.) 

        grid gridattrs=(color=cxe6e6e6 thickness=1) 

        labelattrs=(family="Arial" size=10pt) 

        valueattrs=(family="Arial" size=9pt) ; 

 

      %if %upcase(%superq(showbands)) = Y and &_wd_jkvalid = 1 %then %do ; 

        keylegend "Pairs" "WDeming" "Band" "Unity" / 

          location=inside position=topleft across=1 border opaque 

          valueattrs=(family="Arial" size=8pt) ; 

      %end ; 

      %else %do ; 

        keylegend "Pairs" "WDeming" "Unity" / 

          location=inside position=topleft across=1 border opaque 

          valueattrs=(family="Arial" size=8pt) ; 

      %end ; 

 

      %if %upcase(%superq(showfitbox)) = Y %then %do ; 

        inset "&EquationText." 

              "&SlopeCIText." 

              "&InterceptCIText." / 

          position=bottomright border opaque backcolor=white 

          textattrs=(family="Arial" size=8pt) ; 

      %end ; 

 

      %if %length(%superq(title1)) > 0 %then %do ; 

        title1 font="Arial" height=12pt %unquote(%superq(title1)) ; 

      %end ; 

      %else %do ; 

        title1 ; 

      %end ; 

      %if %length(%superq(title2)) > 0 %then %do ; 

        title2 font="Arial" height=9pt %unquote(%superq(title2)) ; 

      %end ; 

      %else %do ; 

        title2 ; 

      %end ; 

    run ; title1 ; title2 ; 

  %end ; 

 

  %if %upcase(%superq(cleanup)) = Y %then %do ; 

    proc datasets library=work nolist ; 

      delete _wdemreg_complete _wdemreg_range _wdemreg_band _wdemreg_band2 

             _wdemreg_scatter _wdemreg_loo_id _wdemreg_loo_stats ; 

    quit ; 

  %end ; 

%mend wdemreg ; 
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