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,\ BS I RACT . Several computat iona l algori thms whic h have been found usefu l in the co mputer
simu lation of now net work problems nrc disc ussed . T he emphasis is on acc urat e. fa ..' and lo w-cost

methods tor hanJl ing large struc tured problems. In the en ..c of underdc tc m uncd probl ems, (he imple­
mcn un .c n of smoo thing and related techniq ues tha t yield a clus s of d esirable so lutio ns i'i described.
Jt I, "ho·.' n how the model structure ha s been utilized in the sol ution process 10 save compute r storage
und run time. ll c w the: accur ac y of the nume rical sche mes has been improved by the usc o f splines
with o ut di-t urbing the spa rs ity structure of the given system is also d iscussed .

I . Introduction

The 110w network pro blem, consist of a set of tubes
which interact trunsmurully with a common environ­
rnent while the direct tubal flow outputs of some tubes
arc the inpu ts for others. The mat hematical models
of such 110\\" networks require the numerical solution
of a system of highly coupled stiff ditlcrcntial equa­
tions with multipoint-boundary conditions. Shoot ing
method s for the solution cannot be used due to the
intricate connectivity of the tubes ami the environ ment
and, therefore, global finite dillcrcncc techniques have
tu be used . In mos t cases this req uires the solution of
large systems of non-lincur algebra ic equations. How­
ever in order to achieve a rculistic computer simulation
of a given fl ow network . it is necessary to have fast
and acc urate met hods which lead to small discrctiza­
tion errors and require the solution of non-linear -cqua.
tions of reasonable size.

In many cases. due to exper imenta l co nstraints
enough information about the model is not ava ilable.
For exa mple. one can only s:unp le at the end points
of the interval of interest. or cost and hardware make
it impossible to get cnouph dar•• as in sa tellite remote
sensing, picture reconstruction, oil explo rat ion. In these
cases the problem is under-determined , If it is known

that the desired solution is smooth, then we can usc
the Sobolev type norm , in the solution process to
obtain uniqu e solutio ns.

In the next section. we describe a simple model
and the related differenti al and algeb raic equations. In
Section 3, computational methods are given. These
met hods make efficient usc of the model structure in
the solution process. The given set or equations is
partitioned into the so-cal led basic and non-basic vari­
ables and eq uations. Using the non-basic equations.
the non-basic variables are expressed as functions of
t h~ basic variables. Th ese values of non-basic vari­
ables arc then subs tituted in the basic equations and
this procedure results in the basic equations being
expressed as functions of only the basic var iables .
Gaussian elimination, Implicit Function Theorem or
Q uasi-New ton type methods arc then used to com pute
the Jacobian of the basic equ ations as functions of
bas ic variab les.

Th e partiti oning of the equations and variables into
basic and non-basic sets is done by proper ordering
of tube, and the compartments within each tube. The
orde r ;' usually determined hy the direction of flow.
Generally speaking. the environment (a lso called the
bath ) and some other critical tube variables and
equations arc tak en as basic.
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