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A popular class of methods for solving initial or boundary value problems for weakly singular
integro-differential equations of the form
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= di , i = 1, . . . , n ,

is piecewise polynomial collocation method. In order to implement those methods one has to
compute exactly certain integrals that determine the linear system to be solved. Unfortunately
those integrals usually can not be computed exactly and even when analytic formulas exist, their
straightforward application may cause unacceptable roundoff errors resulting in apparent instability
of those methods in the case of highly nonuniform grids. Therefore it is very useful to consider
fully discrete analogs of the collocation methods, where the system integrals are computed by using
quadrature formulas.

We discretize the integrals of the form
∫ b

0
Ki(t, s)u

(i)
m (s) ds, where Ki are the kernels of the integral

operators and um is the approximate solution corresponding to the collocation method, as follows.
Namely, we introduce a nonuniform grid of the form
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where Mi > 0, ρi ≥ 1, and define a division of [0, b] into subintervals by the points of the form
[0, b] ∩ {t − s : s ∈ Π1} ∪ Π0, where Π0 is the grid of the collocation method. In each of the
subintervals we use the Gaussian quadrature formula with ni, 2ni ≥ m + n− i knots, where m− 1
is the order of polynomials in the collocation method. We show that the additional error (in the
L∞ norm) caused by this discretization of i-th integral operator is bounded by the quantity
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i , 1 ≤ ρi < 2ni−m−n+i+1

1−νi
,

M
−(2ni−m−n+i+1)
i (log(Mi) + 1), ρi = 2ni−m−n+i+1

1−νi
,

M
−(2ni−m−n+i+1)
i , ρi > 2ni−m−n+i+1

1−νi
,

where νi is a parameter characterizing the singularity of the kernel Ki on the diagonal t = s, and
give choices for ρi and Mi in the case of various integro-differential equations so that the order of
convergence of the original collocation methods for those equations is preserved.
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