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Brief REML background
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Introduction

• Estimation of variance components is a key component

• Genetic and genomic evaluation

• Expected rates of genetic gains

• Development of selection indexes

• Not a trivial task for random regression models

• Many parameters to estimate

• Even more computationally intensive with genomic models

• GBLUP

• MiX99 uses a very efficient strategy
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(Very brief) REML background

• Idea: maximize the likelihood after accounting for the fixed effects.

• Model assumptions (single trait):

𝐲 = 𝐗𝛃 + 𝐙𝐮 + 𝐞
Var 𝐲 = 𝐕 = 𝐙𝐆𝐙′ + 𝐑
Var 𝐮 = 𝐆 = 𝜎𝑢

2𝐀
Var 𝐞 = 𝐑 = 𝜎𝑒

2𝐈

• Likelihood function:

ℓ 𝛉 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝐲′𝐏𝐲 − log 𝐕 − log 𝐗′𝐕−1𝐗
𝐏 = 𝐈 − 𝐗 𝐗′𝐕−1𝐗 −1𝐗′𝐕−1

• 𝛉 is the vector of VC parameters (𝜎𝑢
2, 𝜎𝑒

2)

• Estimated by differentiating and solving the score (likelihood) function
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REML background (cont.)

• Recall mixed model equations:

𝐗′𝐑−1𝐗 𝐗′𝐑−1𝐙

𝐙′𝐑−1𝐗 𝐙′𝐑−1𝐙 +
1

𝜎𝑢
2 𝐀−𝟏

෡𝛃
ෝ𝐮

=
𝐗′𝐑−1𝐲

𝐙′𝐑−1𝐲

• In a univariate model the REML updates are given by:

ො𝜎𝑢
2 =

1

𝑞
෡𝐮′𝐀−1ෝ𝐮 + tr(𝐀−1𝐂𝑢𝑢)

ො𝜎𝑒
2 =

1

𝑛
ො𝐞′ ො𝐞 + tr(𝐖𝐂𝐖′)

• 𝐂 is the inverse of the coefficient matrix (very large in RRM), 𝐖 = 𝐗 𝐙

• Permanent environmental and genetic effects
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Monte Carlo EM-REML

• Motivation:

• Inverse of coefficient matrix (𝐂) is computationally demanding (cubic cost w.r.t. number of eq.)

• 𝐂 needs to be calculated at each iteration (not efficient)

• Generate ”pseudo” records according to:

෤𝐲ℎ = 𝐗෩𝛃ℎ + 𝐙෥𝐮ℎ + ෤𝐞ℎ

෥𝐮ℎ ∼ 𝑁 𝟎, ෝ𝜎 𝑢
2 𝐀

෤𝐞ℎ ∼ 𝑁 𝟎, ො𝜎𝑒
2𝐈

ℎ = 1, … , 𝑠

• Estimate ෝ𝐮 by solving MME with pseudo-records using PCG

• Memory efficient

• Calculate residuals
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MC EM-REML (cont.)

• Approximate traces by

tr 𝐀−1𝐂𝑢𝑢 ≈
1

𝑠
෍

ℎ=1

𝑠

𝑞 ො𝜎𝑢
2 − ෝ𝐮ℎ′

𝐀−1ෝ𝐮ℎ

tr(𝐖𝐂𝐖′) ≈
1

𝑠
෍

ℎ=1

𝑠

𝑛 ො𝜎𝑒
2 − ො𝐞ℎ′

ො𝐞ℎ

• Then update VC 

ො𝜎𝑢
2 =

1

𝑞
෡𝐮′𝐀−1ෝ𝐮 + tr(𝐀−1𝐂𝑢𝑢)

ො𝜎𝑒
2 =

1

𝑛
ො𝐞′ ො𝐞 + tr(𝐖𝐂𝐖′)
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Some properties of the MC EM REML method

• Using MC method for approximating traces does not require explicit inversion of LHS

• Can handle larger models that plain EM-REML cannot

• The number of MC samples (s) need not be too large (5 – 25) for a good approximation

• More MC samples improve accuracy of approximation - slower

• There is an associated MC error (especially with smaller s)

• More difficult to assess convergence

• Useful to confirm visually that this is the case
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In MiX99
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VCE In MiX99

• Need an additional solver file (.slv)

• Maximum number of iterations

• Convergence criteria

• Number of Monte Carlo samples

• Random number generator

• Parameters to keep fixed during estimation

• Kept at value provided in parameter file

• Can use genomic information (GBLUP)

• Need to modify CLIM file accordingly
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VCE using solver option file (.slv)

• Option E on the VAROPT line followed by three additional lines:

• STOPE Maximum number of REML rounds, Number of MC samples, Stopping criterion. 

• Default values: 1000, 5 and 1.0e-9 suitable in many cases

• SEED Type of the seed used by the random number generator 

• D=default initialization of seeds

• R=seeds initialized based on the system clock

• G=user specified seeds

• Directory path for MiX99 preprocessor
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Example of solver option file (reml.slv)

reml.slv
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Keeping variance components fixed

• Some components may need to be fixed for the model to be estimable

• RRM with sire as the main genetic effect

• PE and residual variances not estimable, need to fix residuals to a small value

• Additional two entries after the option E on the VAROPT line:

1. Letter f instructs to keep some parameters unchanged

2. How many parameters should remain unchanged (integer)

• Insert as many lines as the number of parameters to keep fixed

• Random effect number, row, column, value

• Variance component will be fixed to the values provided in the PARFILE and given in the CLIM 

file
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Example .slv file 

Fixing 42 components:
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VCE with genomic information

• VCE can be estimated from a GBLUP model

• CLIM file needs to be modified as:

•  GBLUP: keyword

• Random effect identifier (as given in the model)

• Inverse of genomic relationship matrix (lower triangle)
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Output files

• parfile: contains the latest solutions of variance component estimates

• Lower (or upper) triangle

• Effect, row, column, value

• REMLlog: contains the VC estimates at each REML round

• Convergence criterion

• Can track changes in convergence of each component

• .log files: it’s a good practice to save the log files (from the preprocessor and solver) and check 

them!
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Standard errors

• Define 𝛉 as the vector of VC, then the variance of the estimates is:

𝑉𝑎𝑟 ෡𝛉 = 𝓘

𝑆𝐸 ෡𝛉𝑖 = 𝓘𝑖𝑖

• 𝓘 is the Information matrix (large for RRM)

• 162 by 162 (13203 elements) in example 

• MiX99 can produce standard errors for the variance components in the model

• Information matrix can be approximated by the variance of the score functions over MC 

samples

• Need a larger number of MC samples to get an appropriate estimate
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Standard errors (cont.)

• Run MiX99 again with small changes in .clm and .slv files:

1) Use the final VC estimates as the starting values (PARFILE in CLIM)

2) Run only 1 REML round

3) Use a large MC sample size (e.g. 100). For RRM may need more samples

• As an output, you get two files: 

• vceSE: includes standard errors of the VC estimates

• vcel: information matrix 
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SE for VCE .slv file
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Example

• Simulated data

• Three-trait RRM from first lactation

• Milk

• Protein

• Fat

• 5586 animals in pedigree

• 22071 test-day records
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Example - model

• RRM with intercept (0), linear (1), quadratic (2) and Wilmink (3) terms

• Model

𝑦 = 𝐴𝐺𝐸 + 𝐴𝐺𝐸2 + 𝐻𝑇𝑀 + ෍

𝑗=0

4

𝛽𝑗𝜙𝑗 + ෍

𝑗=0

3

𝛼𝑗𝜙𝑗 + ෍

𝑗=0

3

𝛾𝑗𝜙𝑗 + 𝜖

Var

𝛼0𝑀

𝛼0𝑃

𝛼0𝐹

⋮
𝛼3𝑀

𝛼3𝑃

𝛼3𝐹

= 𝐊𝛼, Var

𝛾0𝑀

𝛾0𝑃

𝛾0𝐹

⋮
𝛾3𝑀

𝛾3𝑃

𝛾3𝐹

= 𝐊𝛾, 𝑉𝑎𝑟 𝜖 = 𝐑

• 𝐊𝛼 and 𝐊𝛾 are 12 by 12 covariance matrices (78 elements each)

• R is a 3 by 2 matrix
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Data

• Integers: 

• ID, herd, herd-year-season, DIM, mean (intercept)

• Reals: 

• Calving age (linear, quadratic), milk yield, protein, fat, LP 0, LP 1, LP 2, LP 3, Wilmink

MiX99 course: test-day models and single-step genomic prediction, 10-11 April 2025
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Pedigree file

• ID

• Sire

• Dam

• Code

MiX99 course: test-day models and single-step genomic prediction, 10-11 April 2025
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Covariable table file

• DIM

• LP: intercept, linear, quadratic, cubic, Wilmink (t1 to t5 in CLIM)



©
 L

u
k
e

MiX99 course: test-day models and single-step genomic prediction, 10-11 April 2025

CLIM file

Initial values
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CLIM file (cont.)

Permanent environmental and genetic variance are 12 x 12 matrices
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Parameter file

• Initial values (identity in this case)

• Lower (or upper triangle)

• 12 by 12

• Effect 1: PE (78 rows)

• Effect 2: Genetic (78 rows)

• Effect 3: Residual (6 rows)
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Solver file for VCE for example
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REMLlog
Parameter file (transpose)

Iteration number

Convergence criterion Parameter estimates (162 columns)
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Convergence criterion
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Convergence: permanent environmental variance
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Convergence: genetic variance
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Convergence: residual variance
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Resulting estimates

• parfile
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Standard errors (vceSE file)

1. Effect

2. Row

3. Column

4. SE
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Information matrix (vceI file)

1. Effect parameter 1

2. Row parameter 1

3. Column parameter 1

4. Effect parameter 3

5. Row parameter 2

6. Column parameter 2

7. Covariance between parameter 1 and 

parameter 2
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Summary

• Because of the use of MC EM REML MiX99 can estimate 

variance components for large RRM

• Many number of parameters to estimate

• Adjust your time expectations

• Not only for pedigree but also for GBLUP

• Parameters can be kept fixed (constant) at a given value

• Estimates of standard errors can also be obtained



©
 L

u
k
e

Questions?
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