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A new code, named the "SUPERCODE," has been developed to fill the gap between cur
rently available zero dimensional systems codes and highly sophisticated, multidimensional 
plasma performance codes. The former are comprehensive in content, fast to execute, but 
rather simple in terms of the accuracy of the physics and engineering models. The latter 
contain state-of-the-art plasma physics modelling but are limited in engineering content and 
time consuming to run. The SUPERCODE upgrades the reliability and accuracy of systems 
codes by calculating the self consistent 1 1/2 dimensional MHD-transport plasma evolution 
in a realistic engineering environment. By a combination of variational techniques and care
ful formulation, there is only a modest increase in CPU time over 0-D runs, thereby making 
the SUPERCODE suitable for use as a systems studies tool. In addition, considerable effort 
has been expended to make the code user- and programming-friendly, as well as operationally 
flexible, with the hope of encouraging wide usage throughout the fusion community. 
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I. Introduction 

Systems codes are by now important, well established tools used by plasma experimen
talists and reactor designers. They vary in form from simple spreadsheets to sophisticated 
computer programs and are used extensively to optimize designs, understand parametric 
sensitivities, and predict performance. There is every reason to expect that such codes will 
play a central role in the design of future projects such as the U.S. Tokamak Physics Experi
ment (TPX) and the International Thermonuclear Experimental Reactor (ITER). Based on 
this expectation, we have developed a new systems code, named the SUPERCODE, that is 
just becoming operational. 

Why develop another systems code? Our primary motivation is based on the recognition 
that there exists a startling gap between the capabilities of currently available systems codes 
and plasma performance codes. Systems codes (e.g. TETRA) are, in general, comprehensive 
in content, computationally fast to execute, but treat the engineering and particularly the 
plasma physics in a rather oversimplified manner. Plasma performance codes (e.g. TSC, 
WHIST) do an excellent job modelling plasma physics but do not include all of tbe engi
neering required for design purposes. Also, because of their physics sophistication they are 
computationally slow to execute, thereby making them inappropriate for parametric systems 
studies. The gap in modelling accuracy between these two classes of codes is sufficiently great 
that often there is little or no iteration between them. One of the two major goals of the 
SUPERCODE is to substantially upgrade the physics and engineering models of existing sys
tems codes by means of advanced mathematical and computational techniques and thereby 
fill the gap. In setting about this goal, it became apparent that to achieve widespread use 
of the SUPERCODE in the fusion community, we would have to create a uniquely user- and 
programming-friendly environment. This then is the second goal of the SUPERCODE and 
has required considerable use of state-of-the-art computer science techniques. 

In the discussion that follows we describe in somewhat greater detail the issues involved 
in designing the SUPERCODE. TO speed up their calculations, most systems codes employ 
idealized models for magnetohydrodynamic (MHD) equilibrium and transport. Usually, the 
plasma shape is taken to be a straight ellipse with flux surfaces of constant elongation. In 
addition, the shapes of the density, temperature, and current profiles are prescribed and 
the magnitudes are evolved according to volume-averaged transport equations. This zero-
dimensional (0-D) equilibrium-transport model, while computationally expedient, dramati
cally reduces the reliability of plasma performance predictions and increases the likelihood 
of obtaining physically unrealizable operating points. For example, there is nothing in these 
models to prevent the situation where peaked current profiles are assumed for stability in a 
plasma where virtually all of the current density is supplied by the bootstrap current or by 
off-axis current-drive. 

To more correctly model plasma performance, a 1 1/2-D transport calculation, consist
ing of the solution of the 2-D Grad-Shafranov equation and the 1-D flux surface averaged 
transport equations, is required. Using variational techniques, we have incorporated 11/2-D 
capability into SUPERCODE at little cost in execution time over conventional 0-D methods. 
In addition to improving the code's plasma performance prediction ability, this enhancement 
allows us to do a better job in areas such as neutral beam/current drive modeling, poloidal 
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field (PF) system design, and vertical stability calculations. Unlike other systems codes, the 
SUPERCODE will also have time-dependent capability. This will enable the SUPERCoDG to 
simulate normal operational activities such as start-up and shut-down along with off-normal 
events such as thermal instabilities and emergency shut-down. The SUPERCODE physics 
and engineering models are summarized in Sections II and III. 

It appears that the major national and international fusion experimental design projects 
of the future will involve multi-laboratory collaborations. In this environment, it is essential 
that a single tool for performing scoping studies and assessments of design performance 
and cost be adopted. Otherwise, as the ITER Conceptual Design Activity (CDA) and 
the Burning Plasma Experiment (BPX) project demonstrated, significant efforts must be 
expended to understand the differences between results developed by codes from individual 
institutions rather than exploring the implications of the results. 

To gain acceptance as a national or international systems studies tool, a code should 
possess several features. First, it should be portable so that researchers can run the code 
at their home institutions. Second, it should be well-documented so that researchers can 
easily see what models are being employed in the code. Third, it should be modular so 
that researchers can easily add their own models to the code. Fourth, it should be flexible 
enough to allow researchers to run specialized studies using only a subset of the full code. 
And finally, it should possess a user-interface that helps researchers deal with the inherent 
complexity of a sophisticated systems code. We have paid special attention to each of these 
issues during the development of SUPERCODE. This has led to a unique modular code 
architecture, which is described in Section IV. 

II. Physics Modules 

In this section, we summarize the models implemented in the default SUPERCODE physics 
modules. These should be viewed as "default" modules because the structural design of the 
code is such that researchers can easily replace any or all of these modules with their own 
custom versions. Nevertheless, we believe that these models, which are quite sophisticated 
for systems code applications, serve as a good basic set. 

A. MHD-Transport 
The SUPERCODE MHD-transport module follows the time-evolution of density, temper

ature, and magnetic flux in a multi-species plasma. We focus on a transport timescale 
hierarchy that obeys the inequalities 

TA < *i» < TE < r„ < T, ~ TX ~ r , . (1) 

Here, rA is the Alfven time, req is the unlike particle temperature equilibration time, TE 

is the global energy confinement time, T„ is the particle diffusion time, T/ is the current 
evolution time, TX is the cross-section evolution time, and TV is the resistive diffusion time. 
These ordering assumptions are reasonably well satisfied in most cases of practical interest 
and yield a greatly simplified set of 1 1/2-D transport equations appropriate for use in a 
systems code. 
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1. Equations 

3 3T 

Since the transport timescales are much slower than the Alfven time, it is a good approx
imation to neglect inertia and assume that the plasmaevolves through a series of quasi-static 
equilibria governed bv the Grad-Shafranov equation1 

At every instant of time, the plasma is characterized by the pressure and toroidal field 
functions p{tl>, t) and F(i/i, t). The self-consistent choices ofp and F follow from the analysis 
of the remaining transport equations. 

As a consequence of Eq. (1), time variations in the densities (r„ scale) and the flux surface 
shapes (r/, rjr, ?VJ scale) can be neglected compared to variations in the temperature {TE 
scale). In addition, under the assumption that we are interested in timescales slower than 
T e,, it follows that all species can be considered to possess a single temperature. Accordingly, 
we employ a single energy equation in the first version of the SUPERCODE: 

= V)[h{{JieB>x%) + {JSB)\ (3) 

Here, n is the total density, x(n,T, i/>) is the net thermal diffusivity (normalized to yield 
a specified global energy confinement time re), J is the metric function, and SE is the 
net energy source to electrons and all ion species. The source term contains the familiar 
contributions: ohmic heating, alpha particle heating, radiation, and auxiliary heating. 

The next slowest timescale corresponds to mass diffusion. In the SUPEftCODE, the density 
is explicitly evolved for, at most, three species: deuterons, tritons, and alpha particles. 
Impurities are included as an externally specified density distribution of particles. The 
electron density is obtained from quasineutrality. By analogy with the temperature equation, 
time variations in flux surface shape are neglected relative to variations in the densities n;-
to yield the transport equation 

where Dj is the diffusion coefficient and S n y is the net particle source for species j . Because 
of the great uncertainties with regard to particle diffusion coefficients and sources, it is often 
desirable to prescribe the deuterium, tritium, and alpha particle densities. This is a simple 
user option. 

The SUPERCODE equation describing the toroidal flux evolution is 

dQ_ _ n„ (JB*)W/#) d ( 4> 6Q\ , 
m >*, r- eA{J3|)W« 2 >90/ ° v ; 

Here, 3gs is the bootstrap current, 3CD is the driven current and Q is related to the toroidal 
flux and safety factor by q = d^/dip,^ = xpQ. We model the non-inductive current sources 
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as described in Sections II-B and II-C. Note also that we could have equivalently chosen to 
evolve the safety factor g as the dependent variable. However, the choice of Q is convenient 
because of convergence issues in the vicinity of the separatrix and the origin. Also this choice 
allows all the transport equations to be written in the same generic form 

dU d f.dU\ ^ , f l, 
Qw=w\bdi;)+C ( 6 ) 

where U represents any of the dependent variables. 

2. Variational Solution Procedure 

The SUPERCODE MHD-transport model is represented by a series of coupled nonlinear 
partial differential equations. If standard numerical techniques were employed to solve them, 
the SUPERCODE would be far too slow to be of interest in systems studies applications. 
Variational techniques2 offer an alternative to the standard methods. A detailed discussion 
of the application of variational techniques to the MHD equilibrium and transport problems 
is contained in Refs. 3 and 4. Here, we simply summarize the major points. 

Variational techniques are concerned with the search for functions that cause an integral 
relation called a Lagrangian to become stationary. There is a strong connection between 
Lagrangians and differential equations. Namely, a Lagrangian is said correspond to a dif
ferential equation if the function that causes the Lagrangian to become stationary is the 
solution to the differential equation. Therefore, solving a differential equation and making 
its corresponding Lagrangian stationary are formally equivalent. 

For finding exact solutions to differential equations, variational techniques offer no ob
vious advantages over conventional methods. The power of the method lies instead in the 
ability to use the Lagrangian to construct approximate, but highly accurate, solutions. This 
is accomplished by substituting a family of functions characterized by free constants known 
as variational parameters into the Lagrangian. These functions usually do not satisfy the 
original differential equation and they need not even satisfy the boundary conditions. They 
merely represent a family of possible "guesses" for the solution. If we now vary the La
grangian with respect to all of the variational parameters and find the values that cause the 
Lagrangian to become stationary, this set yields the best approximation to the solution for 
the trial function family considered. 

By substituting trial functions, we therefore transform the original partial differential 
equation into a search for the values of the variational parameters that cause the Lagrangian 
to become stationary. For the steady state equations, this search consists of trying to zero a 
set of nonlinear algebraic equations with respect to the variational parameters. For the time-
dependent equations, a somewhat non-standard variational analysis yields a set of nonlinear 
ordinary differential equations in time for the variational parameters. If sufficient accuracy 
can be obtained using a small number of variational parameters, this procedure can result 
in extremely large savings in computational time. 

In the case of the Grad-Shafranov equation, we could attempt to provide a trial function 
for ^(iJ, Z). However, it is much more convenient to transform to a flux coordinate system 
consisting of />, a flux surface label; tp, the usual ignorable toroidal angle coordinate; and 
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p, a poloidal angle coordinate. This transformation requires us to provide trial functions 
for ip{f>) and the flux surface shapes R{p, p) and Z(pt /i). There is no unique procedure 
for constructing such trial functions. We make our choices for the SUPERCODE based on 
geometrical constraints derived from well-known analytic solutions of the Grad-Shafranov 
equation. These choices are; 

MP) = M*P3 + (i-"V]. C) 

R{p, ti) = Ro + a<r(l - p 2 ) + apcos[p + d„p2(7) + (1 - Jj)p2)sinp] + aXR(p, p.), (8) 

Z[p,p.) = ZL + aC(l - p 2 ) + op[«0 + «ip 2 + (to - «o - «i)/>4]sinp. + aXz(p,p.). (9) 

Here, Ro, ZQ, a, K 0 , and d„ specify the plasma surface shape; XR and Xz are purely geo
metric functions that account for possible X-points; and v, a, ij, C, «o, and «! are variational 
parameters. The parameter i>a is a normalization determined by invoking conservation of 
magnetostatic energy. 

An even simpler set of trial functions is employed for the transport equations. For the 
case of density and temperature we use 

U(p, t) = J/ 0(l - Ayp2) exp[£V + y 2 p 4 ] (10) 

where V represents T or nj. The three variational parameters Uo, V\, and Vi are either 
constants (steady state) or functions of time (time dependent evolution). The parameter \u 
is used to satisfy boundary conditions at the plasma edge. For the case of the toroidal flux, 
the form above is used for Q for limiter plasmas without a separatrix. When an X point 
is present, Eq. (10) must be modified to insure that the safety factor approaches infinity in 
the proper manner on the separatrix. For up-down symmetric systems the form used is 

Q = Oo [l + A,p 2 + A2p<(l - p 2 ) l n j ~ J exp(<?,p2 + Q2p<) (11) 

As above, Qo, Qi, and Q2 are variational parameters and Aj and A2 are uniquely determined 
from the boundary conditions on the separatrix. 

To gain an appreciation of the reduction in computational work offered by the varia
tional methods, consider the solution of the Grad-Shafranov equation along with the time-
independent versions of the energy equation, a particle transport equation, and the flux 
transport equation. In this case, the variations in the Lagrangians generate approximately 
15 nonlinear algebraic equations. Solving this set can be accomplished in well under a second 
of Cray 2 CPU time. 

The SUPERCODE has just recently become operational so benchmarks of its MHD-
transport model are not yet available. However, other codes utilizing these variational 
techniques have been extensively validated.3 , 4 These tests make us quite confident that the 
accuracy of the SUPERCODE MHD-transport solver will be acceptable for systems studies 
applications. Specific results will be presented in the final version of the paper. 
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B. Bootstrap Current 
The pressure gradients in a low coilisionaiity plasma produce a trapped electron current 

due to the overlap of neighboring banana orbits. The resulting "bootstrap current" is a very 
important contributer to the overall plasma current (i.e inductive plus non-inductive plus 
bootstrap) and, depending on the particular operating scenario, may attain a fraction in 
the range 20-80% of the total current. There are several analytic (and somewhat disparate) 
approximations available at the present time which differ in their predictions by up to a factor 
of two. Due to the importance of this effect and its influence on the viability of steady-state 
operation, we employ the Hirshmann formalism5 which is valid for arbitrary aspect ratio 
and is dependent on local plasma parameters. A double numerical integration is performed 
to compute the trapped particle fraction from which i: obtained the local bootstrap current 
density using flux-surface-averaged plasma quantities from the equilibrium and transport 
modules. In this way, we are able to evolve the bootstrap current profile seif-consistently 
with the pressure and total current profiles. Hirshmann's formulation of the bootstrap 
current assumes a single ion species and, at present in the SUPERCODE, we generalize this 
to many species by replacing Zi by Ze]j. in addition, we assume that fast ion populations 
(e.g energetic alphas or beam ions) contribute to the total bootstrap current in an analogous 
manner to thermal ion populations with the same pressure. Both of these assumptions will 
be reexamined as our understanding of the bootstrap phenomenon is refined. 

C. Neutral Beam Heating and Current Drive 
The SUPERCODE neutral beam healing and current drive module calculates profiles of 

the neutral beam deposition, fast ion pressure, beam heating power, and neutral beam-
driven current density. It also computes global parameters such as current drive efficiency, 
fast ion beta, beam shine-through, and the fusion power due to beam-plasma interactions. 
The module is computationally fast without compromising physical accuracy. 

The neutral beam module gives the SUPERCODE the ability to perform self-consistent 
calculations involving neutral beam heating and current drive. This is very important for 
studying sub-ignited, hybrid, or steady-state ITER operating scenarios. It is also the first 
time that a systems code has had such capabilities, usually found only in 1 1/2-D plasma 
simulation codes. 

The neutral beam deposition routines are based on a diffuse-beam model. 6 , 7 The calcu
lation is exact for a plasma with small triangularity and for a beam whose centerline lies 
on the midplane. Off-midplane injection can be modeled with appropriate selection of the 
power distribution profile. The beam cross section can be circular or rectangular. Beam 
stopping cross sections are calculated using the recent formalism by Janev et al . s which 
takes into account multistep ionization effects. Extensive benchmarks with more accurate 
Monte Carlo deposition and current drive codes have verified the validity of the module. 
A comparison with an ACCOME calculation for the ITER CDA reference current drive 
scenario9 also result in very good agreement. 
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D. Edge Plasma and Divertor Physics 
The SUPERCODE edge plasma, or scrape-off layer (SOL), model 1 0 is derived from three 

power balance conditions. Perpendicular flow of power across the separatrix surface and into 
the SOL gives one condition. Power flow along the magnetic field toward the divertor gives 
another. And, power flow across the sheath at the divertor surface gives the third condition. 
Since the total power is known from the alpha, current-drive, and radiated power sources, 
the resulting three equations can be soiv»d for three SOL parameters. We solve for: T,, the 
plasma temperature at the separatrix; Tj, the plasma temperature at the divertor; and, Hi, 
the peak heat load on the outer divertor. The model assumes that radial temperature and 
power profiles in the SOL map magnetically, from midplane to divertor, and therefore, uses 
the magnetic field that is found in solving for the plasma equilibrium. Results from this 
model compare rather well with results from the B 2 H code for a variety of cases, ranging 
from several possible ITER configurations to several experimental configurations. The B2 
results for the experimental cases agree with the experimental results. 

E. Poloidal Field Currents 
One of the most important and computationally challenging problems is the calculation 

of the poloidal field coil currents needed for shaping the plasma, providing the flux swing 
for ohrnic heating, and maintaining plasma equilibria through the discharge period. The 
SUPERCODE addresses this problem as follows. Assume we know the shape of the plasma 
surface, the poloidal flux in the plasma, and the poloidal field around the surface from 
the fast Grad-Shafranov fixed-boundary solution. Then the task of the current solver is 
to determine the PF current flowing in each coil to generate the desired equilibrium. This 
is an overdeterminsd problem since a finite number of coils cannot in general match the 
normal and tangential magnetic field on an infinite number of points on the plasma surface. 
We therefore attempt to obtain a set of "best fit" currents with the existing plasma and 
coils. This is accomplished by assigning unknown arbitrary currents J;- to each of the PF 
coils and treating the plasma as a rigid perfect conductor. Using Green's theorem, we can 
calculate the poloidal field on the plasma surface in the vacuum region as a function of these 
Ij. The currents are then determined by minimizing the RMS field ditfercice between the 
vacuum poloidal field and the poloidal field calculated from the fast Grad-Shafranov solver. 
Due to the fact that the problem is transformed into an equivalent linear algebraic system 
by means of Fourier analysis, the solution procedure is very fast, efficient, and robust. No 
iteration procedure is required. Once the PF currents are determined, the poloidal field in 
the vacuum region is easily obtained allowing us to calculate the minimum magnetic field 
difference across the plasma boundary. In general, for a sufficiently small field difference, 
the calculated PF currents can produce desired plasma equilibrium. However, for large field 
differences, there is no choice of PF currents that can produce the desired plasma shape. 

F. Vertical Stability 
The SUPERCODE includes a sophisticated non-rigid vertical stability module developed 

by Haney, Bulmer, Freidberg, and Pearlstein.1 2 This module exploits a modified version 
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of the Extended Energy Principle to compute linear growth rates of axisymmetric (n = 0) 
modes that are destabilized by the finite resistivity of conductors surrounding the plasma. 
The module is capable of including the effects of an arbitrary set of resistive stabilizers 
including twin-loops and saddle coils. It is also possible to include the effect of proportional, 
derivative, and integral feedback. A version of the vertical stability module residing in the 
TEQ equilibrium code has been extensively benchmarked against MHD simulation codes. 
The SUPERCODE module must be re-benchmarked because it will be using information from 
the approximate variational equilibrium module. 

III . Engineering Models 
The approach used in the TETRA system code 1 3 is being followed for the default en

gineering modules. These are primarily coil models (toroidal field coils and poloidal field 
coils), reactor component models (divertor, shield, blanket), balance of plant (heat trans
port, buildings, etc.), and costing. These models are simple compared to those used in the 
1 1/2-D plasma equilibrium and transport modules. In general the engineering algorithms 
are global approximations with no multi-dimensional analysis (i.e., no finite-element stress 
calculations). 

A. Coils 
Toroidal field (TF) coils are a strong driver on the device size and performance. The 

TF coil module models a group of cable-in conduit, forced flow superconducting cables 
surrounded by an external case (like that of ITER). The coil is sized to fit around the 
plasma and all other internal components and the outer leg location is determined by a 
ripple constraint. Stresses are calculated at the midplane inboard leg for the external case 
and for the cable conduit. Superconductor properties such as critical current, dump voltage, 
dump temperature rise, and temperature margin are calculated. The PF coils are placed 
outside the TF coils, and their sizes are calculated based on the currents and locations. This 
information is then used to evaluate mutual inductances used in volt-second calculations. 
Power supply needs are also calculated for the PF and TF coils. 

B. Reactor Components 
The internal reactor component siies and weights are calculated based on simple geomet

ric scalings with the plasma size and are adjusted to match those of the ITER COA design. 
These components include the first wall, divertor, shield, and blanket. This information is 
used primarily in the costing. 

C. Balance-of-Plant and Costing 
After all the reactor components are calculated, the total plant needs for heat transport, 

building sizes, vacuum systems, and AC power are estimated. The heat transport system 
deals with fusion power, injection power, coil power supplies, cryogenic plants, and other 
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plant auxiliaries. The reactor building size is scaled with the reactor radius and height, 
among other things. Information from all the above modules is fed into the costing module, 
which is benchmarked to the ITER CDA design. 

IV. Code Architecture 
Figure 1 displays a schematic representation of the SUPERCODE architecture. We see 

that the SUPERCODE is a distributed application consisting of a computational kernal and a 
front-end. The kernal consists of the physics and engineering modules just discussed coupled 
with a powerful, programmable shell. The front-end consists of a graphical user interface 
coupled to graphics post processing facilities. If the kernaJ and the front-end do not reside 
on the same computer, they communicate via a high-speed network link. The SUPERCODE 
architecture was conceived with flexibility in mind. The kernal is designed to be portable to 
systems ranging from workstations to supercomputers while the front-end is designed to take 
advantage of the graphics facilities of a particular computer system and is generally non
portable". This allows researchers with widely disparate computer resources to make use of 
the SUPERCODE. The remainder of this section describes the elements of the SUPERCODE 
architecture in more detail. 

A. Modules 
The computational part of the SUPERCODE is divided into a number of modules that 

contain data and functions related by a single unifying abstraction. For example, we have 
seen that modules exist for calculating variational equilibria, computing toroidal field system 
characteristics, and performing costing. A SUPERCODE module is a well-defined entity 
that consists of two parts: an interface and an implementation. The interface of a module 
describes how the module appears to an outside observer or, put another way, how it behaves. 
The implementation specifies the algorithms used to achieve that behavior. 

To be more concrete, the interface consists of statements regarding the data needed to 
perform a module's computational tasks, the functions one needs to call to perform those 
tasks, and the locations where one can access the results of the computations. In the 
SUPERCODE, this interface is formally specified by means of a special module description 
file that must be provided with each and every module. There are two reasons for instituting 
this requirement: 

1. Documentation. Other developers cannot use a module without knowing the names, 
types, units, and characteristics of data or the calling sequences and purposes of func
tions. The module description file represents a formal procedure for making this in
formation available to both developers and users. 

2. Reliability. Module description files have a specified format that is read by a computer 
program named MGEN which generates interface code and common block declarations 
that allow modules to interface with each other and with the programmable shell. This 

'Although a portable command-Line front-end is available for all computer systems 
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automatic generation of interface code make inter-module communication, changes to 
the interface, and porting between computer systems more reliable. 

We believe that these features outweigh the need to learn how to correctly format a module 
description file. 

A SUPERCODE implementation consists of source statements in either the FORTRAN 
or C + + 1 4 programming languages. FORTRAN source must be specially pre-processed in 
order to include the common block declarations created by MGEN. However, we have found 
that porting to the SUPERCODE from stand-alone FORTRAN programs is extremely easy. 

We created this special module structure with two goals in mind. First, it helps reduce 
the complexity inherent in a program the size of SUPERCODE by allowing researchers to 
work with small, understandable parts. Second, the module structure allows parts of the 
code to be designed and revised independently of each other. We believe that these two 
features make it particularly easy for researchers to use the SUPERCODE as a testbed for 
new algorithms and models. 

B. Shell 
A unique feature of the SUPERCODE is its programmable shell. This shell is used to 

control all aspects of SUPERCODE operation. It can be used to set input parameters, to 
execute calculations, and to output results in either textual or graphical form. Basically, the 
shell is an interpreter that understands a subset of the C + + programming language. Ac
cordingly, input files to the SUPERCODE are actually computer programs themselves. These 
input files can be hundreds of lines long, thus allowing extremely complicated parametric 
scans or optimization runs to be accomplished. Also, the shell operates in an interactive 
mode whereby results are sent to the terminal in direct response to user inputs. 

The SUPERCODE shell is able to perform arithmetic operations on integer, real, complex, 
and matrix data. Moreover, it can execute common programming constructs such as if-
statements and loops. It is possible to define variables, subroutines, and functions. Finally, 
the shell can access and manipulate subroutines, functions, and data from compiled modules. 
These features are illustrated by the following shell input file: 

/ / Set ITER CDA parameters 

rmajor * 6.0; rminor * 2.15; 
kappup * 2.23; kappdn * 2.23; 
dcltup • 0.67; deltup * 0.67; 
bt * 4.85; plaacur * 22.0; 

/ / Add constraint to adjust pressure profile to give 5 K beta 

Real betaDiff; 
Void betaDiifCaleO 
{ 

betaDiff - betat / 0.05 - 1; 
} 
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addConstraint(betaDiff, l .o . Equality, On); 
addVariable(alpha_h, 1.0, !Bounded, !Bounded, 0.0, 0.0, On); 
addCalculatorCbetaDiffCalc, On); 

/ / Coapute variational equilibrium 

doEquilO; 

This file sets a number of variables, which reside in compiled modules, to their ITER CDA 
values. Then, it defines an interpreted subroutine that returns the amount the current value 
of toroidal beta (another compiled variable) differs from 5%. This subroutine is then added 
as a constraint to the equilibrium calculation. Finally, the variational equilibrium solver is 
executed. 

The shell dramatically reduces the work associated with adding new modules to the 
SUPERCODE. For instance, if one wished to replace the default variational equilibrium 
solver, one would simply create a module with an interface compatible with the variational 
equilibrium solver. Then, the input file above could be modified to call the new solver. This 
method is superior to the usual solution of adding flags and tests directly to the compiled 
code. 

C . G r a p h i c a l I n t e r f a c e 

The programmable shell represents a powerful method for controlling execution of the 
SUPERCODE. However, some users may not wish to learn the shell language syntax or they 
may not wish to learn the calling sequence for. complicated runs involving many tokamak 
systems. To remedy these problems, we plan to provide a graphical user interface for the 
SUPERCODE. This interface, which is currently under development, will run on Macintosh 
personal computers. 

A common problem with system codes is the inherently large number of variables, func
tions, and modules. This makes it extremely difficult for new users learning the operation 
and structure of the code. Therefore, the SUPERCODE graphical user interface will provide 
two services for managing this complexity: simplified data entry and module browsing. The 
data entry capability would present new users with dialog boxes containing pre-defined input 
forms for common systems code calculations. The graphical interface would use the values 
filled in by the user to generate shell language code which would be executed by the shell. 
Results would be returned in a pie-defined output format. The module browser would allow 
the users to graphically see names, types, and usage/modeling information for the data and 
functions making up modules. This browser would supplement written documentation for 
the code. 

Another major service provided by the graphical interface is visualization of results. This 
visualization would be accomplished through the use of line, contour, and surface plotting 
utilities. Facilities for producing animations of time-dependent data will also be provided as 
well. Color along with hardcopy output will be supported. 

13 



D . Post-processing Facilities 
The visualization facilities built into the graphical interface will be limited compared to 

those available in professional programs. The SUPERCODE graphical interface will possess 
the capability for creating input to one or more Macintosh visualization products. These 
products will support the generation of presentation-quality graphics. 

V. Conclusions 

The SUPERCODE is a newly developed code that attempts to fill the gap between existing, 
comprehensive but simplified 0-D systems codes and highly sophisticated, multidimensional, 
specialized plasma performance codes. In spirit, the SUPERCODE is a systems code with 
greatly enhanced engineering and physics modules. Specifically, the code calculates the 1 
1/2-D MHD-transport time evolution of a plasma in a realistic engineering environment. 

A critical feature of the code is its fast execution time, a mandatory requirement if it 
is to be successfully used as a systems studies tool. The high speed is obtained by (1) 
extensive use of variational techniques, (2) a formulation which carefully chooses the input 
quantities so as to minimize the number of global iterations required, and (3) making suitable 
analytic approximations, particularly in the transport equations, whenever computationally 
expensive procedures would dominate the execution time. 

The end result is a code that is a significant upgrade in reliability and accuracy over ex
isting 0-JD systems codes with only a modest increase in computing time. Equally important, 
considerable attention has been devoted to the architecture of the code, resulting in a high 
level of user- and programming- friendliness as well as operational flexibility. The code has 
just become operational and we anticipate presenting a variety benchmarks and new results 
in the final paper. 
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