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Abstract

This brief note highlights most of the original research contributions of
Emeritus Professor M Safiul Haq, University of Western Ontario, Canada.
An attempt has been made to include his individual as well as joint work
with his PhD Students.
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1 Introduction

Professor Haq is one of the most successful postgraduate students of the most produc-
tive statistician of Canada, Professor D. A. S. Fraser. Professor Haq joined University
of Toronto as a graduate student in 1963 to work with Professor Fraser. He completed
his Masters in 1964 and Ph.D. in 1966. During this period of time Fraser introduced
the theory of structural inference. Haq was his first student investigating prediction
problems using structural approach. Fraser’s first book on Structural Inference (1968)
includes part of a chapter with Haq.

2 Research Contributions

It is probably not out of place to say a few words about Structural Method of Statistical
Inference. Statistical Inference is concerned with the process of obtaining information
about “unknown characteristics and properties of a real world system from background
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information and current data from an investigation of the system.” Several methods
exist for obtaining such information. The classical method, in general, uses the under-
lying probability model for the data and ignores any further background information
about the system. For the Bayesian method, some of the background information is
expressed as prior probability distribution of the unknowns. The choice of the prior
probability distribution is subjective and the results vary substantially for different
choice of priors. For the structural approach, apart from the underlying probability
model for the data, the relationship (known as structural relation) between the ob-
servations and the unknowns is taken into consideration as background information
and is exploited rigorously for obtaining information about the system. The structural
relationship is an integral part of the system and ignoring any such background infor-
mation about the system seems inappropriate. Further, the results obtained by this
method are unique. The approach in its present form is known as Structural Inference.

The bulk of Haq’s work involves the use of structural method of statistical inference.
Using this method he has studied various statistical models which include multivariate
models, models with different kinds of correlation structures, prediction problems,
tolerance regions, etc. In addition to structural inference, he has also worked on
multivariate model buildings. Furthermore, he has been involved in cross-disciplinary
research activities with the members of the Faculty of Dentistry, the University of
Western Ontario. He has also worked on Bayesian prediction.

Predictive inference primarily concerns about the inference on future observables,
(cf. Geisser, 1993). The distribution of the unobserved future response(s), conditional
on the realized responses in the form of a random sample, and free from any unknown
parameters is called the prediction distribution. This is by nature a Bayesian method
and is based on a technique that integrates out the unknown parameters from the
joint distribution of the realized and future responses with respect to the posterior
distribution of the parameters involved. Fraser (1968), and Fraser and Haq (1969)
used the structural distribution of the parameters, as opposed to using the Bayesian
posterior distribution based on some pre-selected prior distribution, to derive the pre-
diction distribution for the responses of the multivariate normal model. Haq (1970)
derived the exact distribution of the first order serial correlation coefficient using the
structural approach. Haq and Khan (1990a) used the structural approach to find the
prediction distribution of dependent but uncorrelated responses of the multivariate
Student t models. Haq (1982) used the relationship between the responses and their
error components to define the structural relations between them to find the prediction
distribution. This method does not require the derivation of the structural distribu-
tion, to replace the Bayes posterior distribution, to obtain the prediction distribution.
Interestingly, the results from both the structural relation and structural distribution
are identical. Haq’s method is straightforward and avoids complicated integration.

Under the supervision of Haq, Ng (1976) derived the generalized structural distri-
bution and prediction distribution. Later Gan (1980) produced prediction distribution
for life testing models. Recently, Ng (2000) has obtained the prediction distribution
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for the multivariate elliptic models using both Bayesian and classical methods.
In case of the presence of any nuisance parameter in the model, both the structural

relation and distribution approaches, require to handle it. Haq (1970), and Haq and
Rahman (1971) proposed the marginal likelihood method to handle the problem of such
a nuisance parameter for the autoregressive model. Later Haq (1974), and Ng and Haq
(1979) used the same technique for the multivariate model with intra-class covariance
structure. The same method was applied for equi-correlated responses by Haq (1978).
Prediction distribution uses the marginal likelihood estimate of the nuisance parameter
to replace the relevant unknown parameter. Khan and Haq (1994) used the marginal
likelihood estimate of the autocorrelation coefficient for the predictive inference of the
multivariate linear model with Student t errors.

Haq and Kibria (1997) considered the predictive inference for the Gaussian lin-
ear model with MA(1) error process. Kibria and Haq (1998) derived the marginal
likelihood function of the model parameters and predictive distribution for future re-
sponses for the multivariate ARMA(1,1) linear model with multivariate-t error. Kibria
and Haq (1999) proposed predictive inference for the linear model with elliptical error
distribution.

One of the most popular uses of the prediction distribution is in the construction
of tolerance regions (or intervals in one dimension). Guttman (1970), Aitchison and
Dunsmore (1976), and Geisser (1993) used the prediction distribution in a varieties of
predictive inferences, including defining β-expectation tolerance regions. Such toler-
ance regions (or intervals) cover a preassigned proportion (β) of future responses on
the average. Haq and Rinco (1976) obtained the β-expectation tolerance region for the
location-scale normal model and generalized multivariate model with normal errors.
Recently, Khan (2002) has proposed an optimal β-expectation tolerance region for the
elliptic model.

In the recent years Haq has worked on Bayesian prediction method. Prediction
for a compound multivariate linear model using conjugate prior has been introduced
by Thabane and Haq (1997, 1998). Thabane and Haq (1999a) used Kullback-Leibler
divergence approach to select best population. Recently, Thabane and Haq (2004)
introduced the matrix-variate generalized hyperbolic distribution and discussed the
applications of the distribution in the Bayesian analysis of the normal multivariate
linear model. Very recently Khan (2003) has completed his PhD dissertation on Pre-
dictive Inference for Certain Life Testing Models under Haq’s supervision. He has also
proposed predictive distributions for the two parameter exponential life testing model
(cf. Haq et al. 2004).

Among the other areas that Haq worked in is the well known Behrens-Fisher prob-
lem (Haq, 1970). The multivariate version of this problem is discussed in Thabane and
Haq (1999b), and extended to a class of elliptically symmetric distributions in Tha-
bane and Haq (2002). He also worked in the life testing and reliability problems. Haq
and Khan (1990b) proposed the prediction distribution for the simultaneous equation
model.
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3 Editorial Works

Haq has served as an associate editor of Foundations of Statistical Inference: Volume
2 of the Festschrift in Honor of Professor V.M. Joshi’s 70th birthday in 1987. He also
worked as the editor of a volume on Recent Advances in Statistics and Actuarial Sci-
ence: Festschrift in celebration of Professor M. M. Ali’s twenty-five years at Western
in 1989. He is the founding chief editor of the International Journal of Statistical Sci-
ences. He has been as associate editor of a number of international journals including
the Journal of Statistical Research.

4 Concluding Remarks

The outstanding contribution of Haq in the statistical research has been well recorded
in his various research publications. His remarkable scholarship in the subject has
been reflected in his brilliant supervision of 8 PhD students and 15 other postgraduate
students. He is still very active in joint research with some of his former students and
expected to continue producing more superior quality results in the years to come.
Here we have included only those papers that focus the major research contributions
of Professor Haq. It does not include all the papers that he has published, nor does it
list all the papers that his students have published with him as coauthors. For a full
list of Professor Haq’s publications please refer to his updated curriculum vitae.
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