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DSL48S is a package of FORTRAN 77 subroutines that can be called by a user provided main
program to obtain numerical solutions to Initial Value Problems (IVPs) in Diﬀerential-Algebraic
Equations (DAEs). The code works with DAEs in the general nonlinear form:
f (ẏ, y, t) = 0

(1)

where y ∈ Rn are the state variables, ẏ ∈ Rn are the ﬁrst time derivatives of y with respect to the
independent variable time t, and f : Rn × Rn × R → Rn . DAEs are distinguished from Ordinary
Diﬀerential Equations by the fact that the Jacobian matrix ∂f /∂ ẏ is singular everywhere. Given
consistent initial values, y(0) and ẏ(0), the code will calculate a numerical approximation to the
solution y(t) of (1) over a speciﬁed time interval (0, tf ]. This approximation will satisfy a user
speciﬁed truncation error tolerance.
DSL48S is particularly suitable for large-scale problems (e.g., n = 1,000–100,000+). In order
to set up a problem, the user must provide:
• a main program that calls DSL48S and co-ordinates solution of the problem the user wants
to solve.
• a subroutine that will calculate the vector of values for f given values for y, ẏ and t (often
known as a residual evaluator).
• the pattern of nonzero elements in the Jacobian matrices ∂f /∂y and ∂f /∂ ẏ.
• an optional subroutine that can return analytical values for some or all of the nonzero elements
of the Jacobian matrices ∂f /∂y and ∂f /∂ ẏ given values for y, ẏ and t (often known as a
Jacobian evaluator).
In addition, if the DAEs are stated in terms of a vector of time invariant parameters v ∈ Rp :
f (ẏ, y, v, t) = 0

(2)

it is possible to calculate the parametric sensitivity trajectories simultaneously with the state trajectories. The parametric sensitivities are deﬁned by:
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where si ≡ ∂y/∂vi . Residuals for the sensitivity equations (3) can be evaluated either a) numerically
using a directional derivative ﬁnite diﬀerence approximation [1], or b) analytically. The analytical
option requires an extra user supplied routine, but has been shown to be more eﬃcient [2].
It is also important to be aware of what DSL48S cannot do, which includes:
• DSL48S cannot calculate consistent initial values {y(0), ẏ(0)}. DSL48S requires the initial
values {y(0), ẏ(0)} to be consistent within a reasonable tolerance. Further, DSL48S cannot
check if these initial values are consistent: if inconsistent values are passed to DSL48S, the
code will either fail, or jump to an arbitrary consistent initial point and solve an IVP from
this point. See [3] for a detailed discussion of the pitfalls associated with passing a code like
DSL48S inconsistent initial values.
• DSL48S cannot solve DAEs with diﬀerential index [4] greater than unity. Further, since
DSL48S is unable to check the diﬀerential index of a system, if passed a system with diﬀerential
index greater than unity, the code will either fail unpredictably, or calculate results that are
absolute garbage.
• DSL48S will not respond well to functions f containing discontinuities. It is recommended
that discontinuous functions f be handled explicitly in the user provided main program that
calls DSL48S as a subproblem. A modern approach to discontinuity handling is described in
[5].
DSL48S is a derivative work of the public domain code DASSL, developed by Linda Petzold [6].
As such, it shares with DASSL the entire basic numerical integration algorithm, with its excellent
heuristics. The most signiﬁcant additional features of DSL48S created by work at MIT include:
• the original linear algebra routines have been removed and replaced by the sparse unsymmetric
linear equation solver MA48 [7], developed by I.S. Duﬀ and J.K. Reid. MA48 is marketed by
AEA Technology in the UK, and MIT has obtained permission to distribute code with MA48
embedded provided the licensee obtains a MA48 license from AEA Technology. This feature
enables DSL48S to solve very large-scale problems involving sparse, unstructured equation
systems. DSL48S has currently been tested on problems with upwards of 60,000 simultaneous
equations. Our numerical experiments comparing the older MA28 with MA48 indicate that
on average, a 20–30% reduction in solution times can be achieved through the use of MA48.
Discussions with colleagues who have solved really large problems with MA48 (100,000+
equations) indicate that this advantage becomes much larger as problem size increases. A
further useful feature of MA48 is that is will automatically decompose solution of the linear
system into a sequence of smaller linear systems (known as block decomposition) if this is
possible. We have found that this is the most eﬀective strategy for exploiting any block
triangular structure of the original DAE system (1).
Please note that the original linear equation solvers embedded in DASSL have been removed
and are not supported in DLS48S. However, MA48 will analyze a particular problem and will
revert to a dense linear solver if it judges that this is a more appropriate strategy.
• parametric sensitivities are calculated by a novel staggered corrector algorithm developed at
MIT [2]. The algorithm embedded in DSL48S is more eﬃcient than all other approaches currently reported in the literature [2]. Further, the advantages of our approach are particularly
noticeable for large sparse equation systems. There are also a number of useful options that
control how the sensitivities are calculated that can greatly improve the eﬃciency of certain
applications.
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• an algorithm that will guarantee that the solution trajectory lies within bounds on the state
variables speciﬁed by the user.
• the ability to use a sparse hybrid Jacobian for the corrector iteration. This is a Jacobian
matrix for which a subset of the nonzero elements are calculated analytically using a user
supplied subroutine, and the remainder of the elements are calculated using numerical ﬁnite
diﬀerences. Further, the number of residual evaluations required for the ﬁnite diﬀerences is
minimized through use of a special algorithm [8, 9].
• modiﬁcations to allow use of DSL48S as part of a code to solve a broad class of high index
DAEs [10]. However, in itself DSL48S cannot solve high index DAEs.
• the option to use a novel algorithm developed at MIT that will automatically scale the matrix
used in the corrector iteration [11, 12]. This option is recommended by default because: a) if
the corrector matrix is ill-conditioned, the scaling will mitigate the numerical problems that
may occur, b) in general, across the board, empirical evidence indicates that the scaling leads
to shorter solution times, and c) the code will automatically warn the user if the problem
is so poorly conditioned that it cannot be solved to the speciﬁed tolerance with the current
machine precision.
• the option for DSL48S to use a novel algorithm developed at MIT [13] to calculate an ‘optimal’
initial step size for the numerical integration. This is based on information from a consistent
initialization calculation, which must be passed to DSL48S by the user. This feature is
particularly useful for combined discrete/continuous (or hybrid) simulations with frequent
discontinuities, which require frequent restarts of the numerical integrator. The default initial
step size selection heuristics tend to be overly conservative, leading to many small steps
following a discontinuity before conﬁdence in the solution is built up again, which slows down
the code considerably if discontinuities occur frequently. Our algorithm is an attempt to
select an initial step size that is as large as possible considering the state of excitation of the
dynamic system following a discontinuity, while avoiding a truncation error test failure on
the ﬁrst step.
MIT is pleased to oﬀer DSL48S licenses to both industry and academia. Technical queries concerning DSL48S should be directed to:
Prof. Paul I. Barton
Hoyt C. Hottel Assistant Professor
Department of Chemical Engineering
Massachusetts Institute of Technology 66–464
77 Massachusetts Avenue
Cambridge
MA 02139
Phone: +1–617–253–6526
Fax: +1–617–258-5042
e-mail: pib@mit.edu
Licensing and legal queries should be directed to:
Mr. Michael J. Hegarty
Technology Licensing Oﬃce
Massachusetts Institute of Technology NE25–230
77 Massachusetts Avenue
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Cambridge
MA 02139
Phone: +1–617–253–6966
e-mail: mhegarty@mit.edu
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