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Abstract In this paper a univariate discrete distribution, denoted by GIT, is
proposed as a generalization of the shifted inverse trinomial distribution, and is
formulated as a first-passage time distribution of a modified random walk on the
half-plane with five transition probabilities. In contrast, the inverse trinomial
arises as a random walk on the real line with three transition probabilities. The
probability mass function (pmf) is expressible in terms of the Gauss hypergeo-
metric function and this offers computational advantage due to its recurrence
formula. The descending factorial moment is also obtained. The GIT contains
twenty-two possible distributions in total. Special cases include the binomial,
negative binomial, shifted negative binomial, shifted inverse binomial or, equiv-
alently, lost-games, and shifted inverse trinomial distributions. A subclass GIT3,1
is a particular member of Kemp’s class of convolution of pseudo-binomial vari-
ables and its properties such as reproductivity, formulation, pmf, moments,
index of dispersion, and approximations are studied in detail. Compound or
generalized (stopped sum) distributions provide inflated models. The inflated
GIT3,1 extends Minkova’s inflated-parameter binomial and negative binomial.
A bivariate model which has the GIT as a marginal distribution is also proposed.
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1 Introduction

The inverse trinomial (IT) is a univariate discrete distribution which appears
in different contexts such as (a) an exponential model (Jørgensen et al., 1989)
derived from the Laplace transform of the basis measure µ = δ−1/2+aδ0+δ1/2,
where δi is Dirac mass at i and a > 0, (b) the generalized trinomial coefficients
(Mohanty and Panny 1990) defined by the coefficient of vx in the power series
(αv2 + βv + γ )n, where α, β and γ are constants, (c) trinomial random walks
with the use of the difference equation for the generating function (Shimizu and
Yanagimoto 1991), and (d) the general Lagrangian expansion (Consul 1994).
The shifted IT is the inverse distribution of a three-point distribution in the
sense that the cumulant generating function (cgf) of the shifted IT is the inverse
function of the cgf of the three-point distribution, while the shifted inverse bino-
mial (Yanagimoto 1989) is the inverse of a binomial (two-point) distribution in
this sense. A multivariate extension (Shimizu et al., 1997) of the IT is obtained
by the use of the Lagrangian expansion. We now focus on the generation from
the random walk to get a univariate generalization of the shifted IT.

The random walk formulation of the IT is as follows. A particle on a straight
line starts from the origin and moves with steps +1, 0, −1 according to transition
probabilities p, q, r (p, q, r ≥ 0; p + q + r = 1), respectively until it first reaches
the barrier n (positive integer) at the xth step (Fig. 1). Let X be a random
variable which represents the number of steps x. For p > 0, the distribution of
Y = X − n is the proper IT when p ≥ r and is denoted by IT(n; p, q, r) in this
paper. The distribution of X is called the shifted IT. The probability generating
function (pgf) of the shifted IT is provided by
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and the probability mass function (pmf) by
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Fig. 1 Random walk for the
shifted IT on the real line


