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The present work considers two a posteriori error estimates generation for a class of differential
algebraic equation(DAE)s on singular perturbation problem(SPP)s context. It is well known that
the first challenge to solve a differential algebraic equation is to find a suitable consistent initial
condition [4]. However, one can avoid this by making the problem more stiff, which can be done by
introducing a small parameter (known as perturbation parameter) with the derivatives coefficient.
In this case, the solution can have boundary layers. Therefore, the existing numerical analysis
with fixed number of mesh points does not converge on uniform step size. This is because the
number of mesh points need to be proportional to the inverse power of perturbation parameter
for the convergence of the solution. The aim of this contribution is to provide a posteriori error
estimates (both linear and of higher order accuracy) on fixed number points, which works for DAEs
as well as for SPPs.

As the model problem, we consider the following two problems on t ∈ Ω = (t0, T ]:
x′1(t) = f1(t,x1(t),x2(t)),

f2(t,x1(t),x2(t)) = 0,

with consistent Initial Conditions,

and


y′1(t) = f1(t,y1(t),y2(t)),

eps y′2 = f2(t,y1(t),y2(t)),

with any Initial Conditions.

(1)

Here, x1(t),y1(t) ∈ Rn1 and x2(t),y2(t) ∈ Rn2 for some positive integers n1 and n2 with n1+n2 = l
and (eps)n2×n2

= diag(ε, · · · , ε) with 0 < ε � 1. As the limiting process of y(t), we will get an
approximate of x(t). The problem on the right hand side will be solved in singular perturbation
context as the solution derivatives are unbounded, in general.

We have proposed two a posteriori error estimates (1st and 2nd order) for the above two
problems. The key idea of the a posterioriori analysis is to use the stability of the continuous
solution via an M matrix condition. The right hand problem is solved in more general sense
where the perturbation parameters are of different magnitude (eps)l×l = diag(ε1, · · · , εl)(see for
e.g., [2]). The error analysis is based on the adaptive moving mesh algorithm [3] via the mesh
equidistribution principle [1] which starts with an error monitor function and distributes the error in
a way so that each subinterval has same error measurement. The main challenge is to provide
an a posteriori monitor function, whose equidistribution converges to a layer adapted mesh. It is
shown that the adaptive mesh will lead to a uniform mesh if the solution derivatives are all bounded
independent of the perturbation parameters. Therefore, this analysis will easily work for the non
singularly perturbed ordinary differential equations. The present technique does not need the a
priori information about the solution (like the location and width of boundary layers). Theoretically,
we have shown that the numerical solution converges uniformly to the exact solution.
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