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Week 9/11 - 9/15

• What was done this week:
Read the project draft.
Started studying of linear regression and regression analysis with research-

ing general information on these topics on the Internet
(http://en.wikipedia.org/wiki/Regression). Read simple examples of using
linear regression to estimate expected values of unknown parameters.

Studied regression using J.E. Freud’s Mathematical Statistics with appli-
cations, including the following topics: Linear regression; Method of least
squares; Normal Regression analysis; Multiple linear regression (estimation
of one random variables using known values of multiple variables).

Searched materials on Multivariate Regression.

• Questions and difficulties:
Questions about the project draft:

* formulation with a fixed basis;
* cost of computing (r).

1. Had troubles understanding how Normal Correlation Analysis is set up.
2. Construction of confidence intervals for linear regression coefficients (why
we use chi-squared distribution to estimate coefficients).

• What needs to be done next:
Meet with Dr. Lin to figure out questions 1 and 2.
Do some practice problems on linear regression before turning to multivariate
cases.
Continue stuyding regression using M. Bilodeau Theory of multivariate statis-
tics. Start reading multivariate regression.
Acquire more materials on Multivariate Regression.
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Week 9/18 - 9/22

• What was done this week:
Figured out the unanswered questions from the last week (correlation

analysis; confidence intervals).
Summarized the methods of bivariate and multiple linear regression; least

squares and normal analysis regression methods.
Studied the multiple regression method in M. Bilodeau Theory of multi-

variate statistics.

• What needs to be done next:
Continue to study multivariate regression in detail. Summarize ideas of

applying it to the studied method.

Week 9/25 - 9/29

• What was done this week:
Studied different methods of evaluating how good a given regression model is.
Summarized ideas for different assumptions (Gauss-Markov, normal, general
multiple regression case).

• Questions and difficulties:
Deriving formulas for multiple regression correlation coefficient. Studied this
material in C. Rencher’s Linear Models in Statistics.

• What needs to be done next:
Continue researching the multiple regression correlation coefficient (R and
R2) and its properties. Study in detail any method that can be of interest.
Start Model Validation and Diagnosis for the multivariate regression model.
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Week 10/2 - 10/6

• What was done this week:
Studied the cross-validation technique for validation a regression model:

- common types (holdout, K-fold, leave-one-out) and their advantages
and disadvantages (source - Smith, M., Neural Networks for Statistical Mod-
eling);

- prediction sum of squares residuals (source - Walpole, R., and Myers,
R., Probability and Statistics for Engineers and Scientists).
Briefly studied another statistic (Cp) that is used as a model validation tech-
nique.

• Questions and difficulties:
Disadvantages of the leave-one-out cross-validation.
Computational costs for different types of cross-validation

• What needs to be done next:
Study other techniques for model validation and diagnosis.



Orlova 4

Week 10/9 - 10/13

• What was done this week:
Briefly studied model validation and diagnostics methods for linear multiple
regression (outliers, the Hat matrix, influential observations and leverage -
potentially influential outliers).
Outlined different methods for choosing best models and algorithms for se-
lecting subsets of variables.

• Questions and difficulties:
Using f -distribution values as the termination criteria for stepwise regres-
sion, forward and backward elimination. Why we choose n − p or n − p − 1
degrees of freedom for these values.

• What needs to be done next:
Study Adjusted R-Square technique for model validation; Leaps and bounds
method for selecting subset of predictors.
Research the performance measures mentioned in the Benchmarking paper
(classification error; decomposition into model bias, model variance and data
variance).

Week 10/16 - 10/20

• What was done this week:
Studied the adjusted R-square statistic: another method of evaluation of a
multiple regression model.
Studied the general ideas of nonlinear regression methods in Rencher’s Linear
Models in Statistics. Acquired reference literature mentioned in the book.
Briefly read about logistic, loglinear and Poisson regression models.

• What needs to be done next:
Continue to research different nonlinear regression models.
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Week 10/23 - 10/27

• What was done this week:
Researched different approaches to validation of nonlinear regression models,
including residual mean square minimization, Variance/Covariance matrix
for parameters, plots of observed vs. predicted values and fitted function.
Researched methods of model validation that are used in Statistics module
of the Orange Software. Currently, mean squared error is the only evalua-
tion function provided for regression. The software also provides different
measures of quality of logistic models, such as classification accuracy, ROC
statistics, sensitivity and specificity. The program implements cross valida-
tion (leave-one-out) technique for testing learning algorithms.

• Questions and difficulties:
Found contradictory information on using the R-square statistic for nonlin-
ear regression models.
Goodness-of-fit Chi-square test. Some sources suggest that the least squares
criterion for the best fit is realized by minimizing χ2. Or it can be com-
pared to the chi-square distribution to determine the goodness of fit. It is
still unclear how exactly it should be compared to determine the goodness
of fit. Some sources give a slightly different formula for this statistic (using
the maximum likelihood function) and suggest that it can only be used for
probit and logistic regression models.

• What needs to be done next:
Continue to research different parameter estimation methods for nonlinear
models.
Research the Brier score (the average deviation between predicted proba-
bilities for a set of events and their outcomes); Chi-squared goodness-of-fit
test.
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Week 1/8 - 1/12

• What was done this week:
Studied the updated version of the developed Multivariate regression method.
Searched for available literature and papers on decomposition methods for
multi-way data, such as Parallel Factor Analysis (PARAFAC), Tucker3, Prin-
cipal Components Analysis (PCA). Also, briefly studied partial least squares
regression that was mentioned in the PARAFAC tutorial paper.

• Questions and difficulties:
Obtaining the linear normal equations in section 1.1.1 in the mltivariate re-
gression paper (derivation of the expressions (12) and (13)). Solving system
(15) in section 1.1.2.
Implementation of PARAFAC model (unfolding process).

• What needs to be done next:
Study in detail PARAFAC model. Aquire more information on PCA, Tucker
decomposition methods. Compare these models with the developed method.

• References:
http://en.wikipedia.org/wiki/Principal component analysis
http://www.models.kvl.dk/courses/parafac/chap2parafac.htm
http://www.models.kvl.dk/users/rasmus/presentations/parafac tutorial/paraf.htm
http://www.irisa.fr/aladin/wg-statlin/WORKSHOPS/RENNES02/SLIDES/Tomasi.ppt
http://publish.uwo.ca/∼harshman/wpppfac0.pdf
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Week 1/22 - 1/26

• What was done this week:
Compared the developed method with the Independent component analysis
method (ICA) and the Principal component analysis (studied very briefly).
Came across the Singlular value decomposition method (another factoriza-
tion technique) while studying PCA.
I did more research on the Canonical decomposition method, but still was
not able to find how this method or PARAFAC handle the scattered data.
Studied the principals of analysis of variance (ANOVA) to clarify how the
parametric factorization can be applied to it.
Found two good tutorials on ICA and PCA methods.

• Questions and difficulties:
Defining the mutual information function in the ICA method (H(yi) is the
legths of codes for yi).

• What needs to be done next:
Study the Singular value decomposition further if it is of any interest. Con-
tinue to research different multivariate regression methods.
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Week 2/12 - 2/16

• What was done this week:
Studied the Tikhonov regularization and ways of choosing the Tikhonov fac-
tor λ. The optimal regularization parameter a is often determined by an
ad hoc method. One possible approach relies on the Bayesian interpretation.
Other approaches include the discrepancy principle, cross validation, L-curve
method, and unbiased predictive risk estimator.

• Questions and difficulties:
I came across a paper that suggests usind the L-curve ”corner” to find the
regularization parameter. Since the algithm presented in the paper was ali-
itle hard for me to understand, I breifly oulined it in the report and attached
the paper.
Also, couldn’t find much information on the discrepancy principle and the
unbiased predictive risk estimator.


