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WITH GPU 
Abstract 

We first discuss the modeling of the incomplete multinomial data. These data can be viewed as forming 
histograms on a random partition. The estimation goal is to infer the underlying probability measure of the most 
refined partition. The incomplete multinomial model is a rich class for density estimation; improvements in the 
model's fitting are often achieved by imposing structures appropriately reflecting constraints in the data. Well-
known special cases of the incomplete multinomial model include: contingency tables, the Bradley--Terry model 
for ranking from pairwise comparison scores, the Connor--Mosimann neutral-sampling model for compositional 
data, the Plackett--Luce model for producing a total ordering from many partial orderings without a scoring 
mechanism. The sufficient statistics include the variable-cell formation and all the cell counts. The weaver 
algorithm is invented to solve the challenging estimation problem of such a general class; under a mild condition, 
the algorithm is proven to enjoy the ascent property and has a linear rate of convergence. These algorithmic and 
theoretical results add to the applicability of the incomplete multinomial model. In practical aspects, the weaver 
algorithm has simple steps and is amenable to a parallel implementation. All of the aforementioned cases can be 
fitted by the weaver algorithm. In one comparison fitting the Plackett--Luce model to a benchmark data set, it is 
shown to be significantly faster than the state-of-the-art MM/EM algorithm. Simulation experiments are designed 
to show the model and algorithm's performance when recovering very weak signals. Some asymptotic properties 
of the estimator are derived and then validated with simulations. 
The second part of the talk discusses the construction of two softwares for interactive data analysis. The goal is 
to directly connect the high computing performance of the GPU with the highly interactive user interface of the 
spreadsheet software on the desktop. The design of the neural computing software are presented with some 
details, including facilities for stepping the learning course and tracking user defined variables, and a mechanism 
to specify constraints on the weights. It also includes a forward selection algorithm for optimizing the network 
architecture. Some GPU matrix functions used to build the multivariate analysis software will be demonstrated. 
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