
 

 

Bayesian Analysis in SAS/STAT
®
 Software 

Growing Bayesian Capabilities 

Overview 

SAS/STAT software provides Bayesian analysis in two ways: 

procedures with built-in Bayesian capabilities and a procedure for 

general Bayesian modeling. In addition, SAS/STAT now includes 

a procedure for a specific application—Bayesian choice models.  

Why Bayesian?  

Bayesian methods have become increasingly popular in recent 

years. Bayesian analysis provides: 

 

 a natural and principled way of combining prior 

information with data within a solid decision-theoretical 

framework 

 inferences that are conditional on the data and are 

exact, without relying on asymptotic approximation 

 straightforward interpretation because inference is 

based on the distribution of a parameter 

 a framework for answering specific scientific questions 

 convenient formulation of hierarchical models and 

missing data problems 

 

Built-In Bayesian Capabilities  

You have easy access to Bayesian analysis in several standard 

SAS/STAT procedures. You can perform Bayesian analysis for: 

 

 generalized linear models, including logistic regression 

and Poisson regression 

 Cox regression models 

 frailty models 

 accelerated failure time models 

 piecewise exponential models 

 finite mixture models 

 

These capabilities are available via the BAYES statement in the 

GENMOD, LIFEREG, PHREG, and FMM procedures of 

SAS/STAT software. These procedures provide: 

 

 posterior point and interval statistics  

 several standard prior distributions, such as Jeffreys’ 

prior in the GENMOD procedure and the Zellner g-prior 

for the regression coefficients in the PHREG procedure 

 a SAS data set that includes posterior samples for use 

in additional analyses 

 

Various algorithms for obtaining posterior samples are available: 

 

 The Gamerman algorithm is the default sampling 

mechanism in the GENMOD procedure except when it 

can take advantage of conjugacy. The adaptive 

rejection Metropolis sampling (ARMS) algorithm and 

the independent Metropolis algorithm are also provided. 

 The ARMS algorithm is the default sampling algorithm 

for the PHREG and LIFEREG procedures. In addition, 

the random walk Metropolis algorithm is available in 

PROC PHREG. 

 The FMM procedure offers the conjugate sampler and 

the Gamerman algorithm. 

Assessing convergence of the Markov chain is an important 

aspect of Bayesian analysis. Diagnostics such as the Gelman-

Rubin, Geweke, Heidelberger-Welch, and Raftery-Lewis tests are 

provided, along with diagnostic plots.  

 

The following statements illustrate a basic invocation for a 

Bayesian regression analysis. 

 

proc genmod data=Surg; 

   model y = Logx1 X2 X3 X4 / dist=normal;    

bayes; 

run;  

 

A trace plot, an autocorrelation plot, and a posterior density plot 

are provided for each parameter that is estimated. Both posterior 

summaries (displayed below) and credible intervals are provided.  
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Posterior Summaries 

Parameter N Mean 

Standard 

Deviation 

Percentiles 

25% 50% 75% 

Intercept 10000 -742.1 248.5 -901.5 -739.7 -582.2 

Logx1 10000 124.7 115.8 49.6719 125.0 198.5 

x2 10000 5.3766 2.3488 3.8215 5.3713 6.9294 

x3 10000 4.7266 1.2820 3.8882 4.7313 5.5505 

x4 10000 10.2908 47.9813 -20.1483 10.2604 40.9417 

Dispersion 10000 10332.4 4411.0 7339.8 9316.9 12182.9 

 

General Bayesian Modeling Tool 

The MCMC procedure is a general-purpose Bayesian modeling 

tool. It was built on the familiar syntax of programming statements 

used in the NLMIXED procedure. PROC MCMC performs 

posterior sampling and statistical inference for Bayesian 

parametric models. The procedure fits single-level or multilevel 

models. These models can take various forms, from linear to 

nonlinear models, by using standard or nonstandard distributions. 

Using PROC MCMC requires using programming statement to 

declare the parameters in the model, to specify prior distributions 

for them, and to describe the conditional distribution for the 

response variable given the parameters. You can specify a model 

by using keywords for a standard form (normal, binomial, gamma) 

or use programming statements to define a general distribution. 

 

The MCMC procedure uses various algorithms to simulate 

samples from the model that you specify. You can also choose an 

optimization technique (such as the quasi-Newton algorithm) to 

estimate the posterior mode and approximate the covariance 

matrix around the mode. PROC MCMC computes a number of 

posterior estimates, and it also outputs the posterior samples to a 

data set for further analysis. The MCMC procedure provides the 

same convergence diagnostics that are produced by using a 

BAYES statement in the built-in Bayesian procedures, as 

discussed previously.  

 

The RANDOM statement in the MCMC procedure facilitates the 

specification of random effects in hierarchical linear or nonlinear 

models. You can build nested or nonnested hierarchical models to 

arbitrary depth. Using the RANDOM statement can result in 

reduced simulation time and improved convergence for models 

that have a large number of subjects. The MCMC procedure also 

handles missing data for both responses and covariates. Some 

computations are multithreaded, beginning with SAS/STAT 13.1, 

providing faster performance for some models. 

 

Example Code with PROC MCMC 

The following code illustrates how you would use the MCMC 

procedure to fit a logistic regression model. Diffuse, normal priors 

are specified for both the intercept and slope parameters. The 

probability p is expressed as a logistic transformation, and the 

MODEL statement specifics the likelihood.  

 

The BCHOICE Procedure 

The BCHOICE procedure performs Bayesian analysis for discrete 

choice models. Discrete choice models are used in marketing 

research to model decision makers’ choices among alternative 

products and services. The decision makers might be people, 

households, companies, and so on, and the alternatives might be 

products, services, actions, or any other options or items about 

which choices must be made. The collection of alternatives that 

are available to the decision makers is called a choice set. 

Discrete choice models are derived under the assumption of 

utility-maximizing behavior by decision makers. When individuals 

are asked to choose among a set of alternatives, they usually 

determine the level of utility that each alternative offers. 

To use the BCHOICE procedure, you need to specify the model 

for the data. You can also supply a prior distribution for the 

parameters if you want something other than the default 

noninformative prior. PROC BCHOICE obtains samples from the 

corresponding posterior distributions, produces summary and 

diagnostic statistics, and saves the posterior samples in an output 

data set that can be used for further analysis 

For More Information  

This information is up to date through SAS/STAT 13.2. For 

more information, see support.sas.com/statistics 

 

 

 

 

 

 

 

 

proc mcmc data=beetles nmc=20000  

   outpost=beetleout seed=246810; 

 parms alpha  beta; 

 prior alpha beta ~normal(0, var=10000);  

 p = logistic(alpha + beta*x);  

    model y ~ binomial(n,p); 

run; 

http://support.sas.com/rnd/app/

