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ABSTRACT

In this paper we review the basic concepts of the Neutra
Mode Format for component description, of the SPARK
objet-based smulation environment, and present a trandator
from NMF to SPARK. The purpose of the above is to
document the NM F claim that trandation from NMF to any
smulation environment is easy, and dso get a feding of the
effort needed to obtain a working trandator. The trandator
presented handles most NMF constructs (equations, loops,
sums, embedded controls) with the notable exception of
events. Working examples of trandator-generated code arethen
presented.

2 INTRODUCTION

Building science has in recent years made heavier
use of simulation techniques. Large monolithic pro-
grams like DOE2 [3], TARP, BLAST [9], were de-
veloped, that could simulate the thermal behavior
of a whole building. However the size and intricate
code of those made them hardly fit for modification,
correction or extension.

To solve this difficulty modular environments
were then developed: TRNSYS [20] provided a sem-
inal example, with a library of so called “types”
representing subroutines modeling common compo-
nents, but was still of a procedural kind, with pre-
defined inputs and outputs.

A later generation of programs (SPARK [6], IDA
[5], ZOOM [11], TK-Solver, ..., and also the latest
version (v. 14) of TRNSYS) resorted to object-
oriented user interface, allowing the user to build
a simulation-by hooking together “objects”. These
objects essentially represented equational models,
thus non oriented: the difference is the one between
the assignment z = y and the equation z = y. The
task of building a global simulation program was
automated. The main effort of the user or devel-
oper was now to design or use appropriate models
for each part of the global system to be simulated.

Model libraries exist, like the one of TRNSYS,
the one compiled by the Annex 17 of the Interna-
tional Energy Agency, etc. However they are usu-
ally coded in a specified language (like FORTRAN),
and with predefined inputs and outputs for all sub-
routines. Object based environments do not assume
any a priori orientation of the models: the simula-
tion problem determines the numerical technique
to be used to solve it, and, hence, the direction in
which each model is to be used.

Thus was perceived the usefulness of some model
description language that would be non oriented,
and also contain all needed information. Another
advantage of this approach, and probably the main
one, was to allow various simulation environments
to communicate via a pivot language, thus dimin-
ishing the number of potential translators. That
pivot language approach is already popular in the
field of machine translation of natural language.
Model description languages being much simpler
than natural languages, the idea of a pivot language
was bound to be more easily applicable.

The idea of a neutral model format is not new.
In the CAD community the IGES exchange format
(Initial Graphics Exchange Specification) appeared
in 1979 and became an ANSI standard. The French
SET (Standard d’ Echange et de Transfert) was
developed for the aerospace industry. The Amer-
ican PDDI (Product Data Definition Interface) led
to the PDES (Product Data Exchange Specifica-
tion) which itself merged with the European Union
sponsored STEP (STandard for Exchange of Prod-
uct data) conceptual standard for product mod-
els and its EXPRESS formalization for computer
use [4]. An example of STEP development is the
U.S. NIDDESC (U.S. Navy Industries Digital Data
Exchange Standard Comitee) with its Distribution
System Model [7], taking into count considerations
of the Process and HVAC industry.

For the building community, the PROFORMA
[8] was initially proposed, but was intended to be
human readable. Quite recently the NMF format
[18] was proposed, with emphasis on equational
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models and computer readability.

3 THE NMF FORMAT

3.1 History

The NMF was initially proposed in 1989. The
grammar was fairly simple. As users started to try
it, additions to the grammar proliferated up to the
. current state of version 3.01 described in [17].

Some bugs were fixed, needed features were
added. NMF was at that stage a language for com-
ponent description, with no pretense to describe a
complete system (e.g. a building).

At present there is much thought devoted to the
introduction of hierarchical models in NMF. That
occurred due to the pressure of “popular demand”,
since the limitation of NMF scope to terminal mod-
els was perceived as the main hindrance to the wide
usability of NMF.

3.2 Grammar

The NMF grammar is fairly simple, and consists of
sections (introduced by keywords) containing rele-
vant information about

e the variables and parameters used (their
name, units, range, type..) in the model,

o the links of the model towards the outside (in
a good object oriented fashion),

o and the equations of the model, in symbolic
form, with additional constructs like tests,
summations, loops

As an example, there comes an exerpt of a sample
NMF specification for a ramp model:

QUANTITY_TYPES

/* Quantity types are used for
both variables and parameters.
For parameters the kind is
irrelevant. */

/* CROSS ="Potential, non-directional */

/* THRU = Flow, directiomal */

/* GENERAL and THERMODYNAMICS */

/* type name unit kind */
Control "dimless"” CROSS

/* OTHER APPLICATION FIELDS */

/* type name unit kind */

LINK_TYPES

/* type name variable types... */
ControlLink (Control)
ControlLimit (Control, Control)

CONSTANTS

/* name value unit
ABS_ZERO -273.16 '"Deg-C"
/*absolute zero temp*/
CONTINUOUS_MODEL CoRamp
ABSTRACT "Actuator ramp with discrete input.
While control input is O,
output remains the same.
If control imput is 1, output ramps up.
If control input is -1, output ramps down.
Output stays in the interval (lo,hi)."
EQUATIONS
/* RampOK allows movement when
outsignal within limits;
Insignal is one of -1, 0, 1%/
Level’ = slope*Insignal*RampCK ;
/* convert normalized output in (-1,1)
to specific in (lo,hi) */

comment */

0 = -Outsignal+lo*(1-Level)/2
+hi*(Level+1)/2;
RampOK := IF event(Outside,Level*

Insignal-1) > 0 THEN 0 ELSE 1 END_IF;
LINKS

/*  type name variables */
controllink In_sig Insignal ;
controllink Out_sig Outsignal ;

VARIABLES
/*type name role def min max descr.*/
control Outside A_S -0.5

">0 if level outside (-1,1)"
control RampOK A_S 0 0 1
"State =1 if ramping allowed, =0 otherwise"
control Insignal IN O -1 1

“Input is -1, 0, or 1"
control Level ouT 0.5 -1 1

"Normalized output in (-1,1)"
control Outsignal OUT

"Specific output in (lo,hi)"
PARAMETERS
/*type name role def min max descr.*/
generic slop S_P 1. -BIG BIG

""change of output level
generic lo S_P 0. -BIG BIG

"lower limit of output"
generic hi S_P 1. -BIG BIG

"“upper limit of output”
END_MODEL

A complete description of the NMF grammar is
available in [17] in Backus-Naur form. Practically,
for the user of the NMF model writer, a look at a
NMF specification is a quicker method for grasping
what the format is.
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3.3 Intended use

The NMF is intended, as mentioned above, to be a
pivot description language for models, allowing ex-
perience of the model developers to be passed over
to the simulation specialists via a neutral format
that can easily be translated to any simulation en-
vironment.

A partial attempt intended to demonstrate feasi-
bility was performed, and yielded a prototype NMF
to SPARK translator [16], via the MACSYMA [15]
computer algebra system language: the transla-
tor created MACSYMA code from NMF, and the
MACSYMA code created SPARK code. Also, as
NMF was developed by people involved in the de-
velopment of the IDA simulation, a NMF to IDA
translator was developed.

Last but not least, a separate NMF to IDA
translator, called NEUTRAN [12] was proposed.
It then was extended to also support creation of
SPARK code, thus demonstrating the feasibility of
well separating the front end of the translator and
its part generating target language code.

This paper presents a newer, direct version of
a NMF to SPARK translator, independent of the
MACSYMA computer algebra language.

4 SPARK

4.1 General overview

SPARK was created in 1986 [2]. It is an envi-
ronment that automatically writes simulations pro-
grams, based on user specifications. The user cre-
ates objects (models) and hooks them together.
Then SPARK creates a C program that solves for
the global equations system, in an efficient way, tak-
ing advantage of the possibilities of substitutions in
the equation system. The problem size reduction
phase is automatically handled by graph theoreti-
cal algorithms [22] [14].

The initial SPARK version, called SPANK, han-
dled only algebraic systems. Dynamics were intro-
duced in 1988 [21] in the version called U.S. Energy
Kernel System. The current version, called SPARK,
has additional features for problem size reduction,
like strong component algorithms [6]. A graphical
interface is under way.

4.2 Object Oriented interface

As mentioned above, the user interface is object
based: objects, for SPARK, are equations (or collec-
tions of objects, i.e. equations systems). Equations
are a natural way to describe components of con-
tinuous systems. Those equations can be algebraic,

if necessary piecewise defined, or even ordinary dif-
ferential equations (ODE’s).

A SPARK elementary object, corresponding to
a single (possibly piecewise defined) equation, is a
complex containing an object file stating what vari-
ables of the equation can be explicitly solved for,
and C functions actually solving the equations for
their solvable variables. The object communicates
with other objects via its variables: two equations
with a common variable are represented, in SPARK,
by two “linked” objects.

In this way building a simulation amounts to
hooking together models. The same applies to
macro objects, that is objects containing objects,
and representing equations systems.

As an illustration, if obj1 represents the equa-
tion z = y?, obj2 represents the equation u + v +
w = 0, then the obj1 object is represented by the
following SPARK object code:

define obji(x,y)
double x,y;

{

x=1(y);

y=g(x);

}

with f and g being essentially the following C func-
tions:

double £(y)
double y;

{

double x;
x=pow(y,2);
return(x);

}

double g(x)
double x;

{

double y;
y=sqrt(x);
return(y);

}

while the equations system

a+b+c=0

is represented by the SPARK macro object code \
(for example):
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declare obji u,v;
declare obj2 w;
link a(u.y,w.u)
link b(u.x,v.y,w.v)
link <(v.x,w.w)

One can see that objl (“power 2” object) is instan-
tiated twice since there are 2 such equations in the
system, while 0bj2 (null triple sum object) is in-
stantiated once. And their common variables are
linked under a common global name.

SPARK then takes the numerical implementa-
tion and coding task into its hands, and delivers an
executable program, for which the user just has to
supply the relevant inputs.

It must be known that the task of creating the
elementary bricks of any SPARK simulation (that
is, the elementary and macro objects) is automated:
a preprocessor written in a computer algebra system
generates SPARK code from symbolic specification
of the equations or the equations systems [23] [16].

4.3 Advantages and limitations

The above approach (i.e. the use of the SPARK
simulation environment) makes it easy for a user
with no numerical expertise to build a working sim-
ulation. Also SPARK performs an exact reduction
of the size of the system, thus reducing calculation
time with no loss of accuracy.

However, SPARK has several limitations: it can
only solve for differential-algebraic equations sys-
tems, but not partial differential equations (unless
these are discretized).

More seriously, it has a fixed time step: the
user can specify any time step he wants, but then
the time step cannot vary anymore, thus forbidding
use of efficient time integration schemes like Gear
method. Asynchronous events likewise cannot be
simulated at the exact time of their occurrence. We
will see this leads to difficulties when evaluating the
code generated by the translator.

Also, completely implicit equations cannot at
this stage be handled, since SPARK requires each
equation to be solvable in at least one variable. Re-
search versions of SPARK, allowing implicit defini-
tion of equation objects and associated C functions,
overcome this limitation. The current translator
work, however, does not assume this feature to be
available in SPARK.

Thus all those particularities have an incidence
on the NMF-SPARK translator design, as we will
see.

5 THE TRANSLATOR

5.1 History

As seen above, a translator was initially designed
that translated NMF specifications into MAC-
SYMA code, that in turn created SPARK code.
The currently presented translator bypasses
MACSYMA, for portability and cost reasons.

5.2 Tools used

The tools used to write the translator are standard
UNIX tools called Lex and Yacc. Lex [13]is a lexical
analyzer generator, while Yacc [10] is a syntactical
parser generator. That means that Lex recognizes

.the elementary “words” of the NMF language, while

Yacc recognizes the grammatical constructs of the
language.

The Yacc syntax is very close to the Backus-
Naur form of formal grammar description, thus
making it in principle easy to translate the NMF
formal description into a working parser.

For example, the recursive definition of an ex-
pression would be:

expression
: ternm
| expression '+’ term
| expression ’-’ term

)

Yacc also allows “actions” to be taken any time a
construct is recognized. Typically, in a translator,
those actions will be storage of the NMF specifica-
tion content, and then appropriate code generation
for the target language. For example, on can incre-
ment the current number of equations that are not
assignments by the action:

equation
: expression ’=?
expression
opt_inverse_decl
{num_equal_equations++;}

3

It must be emphasized that Lex and Yacc allow to
make the front end and the back end of the transla-
tor completely modular. The front end is the parser
(created by Lex and Yacc). The back end is the code
generator, that is essentially a collection of routines
invoked by the parser thanks to the Lex and Yacc
“actions”, on the run or once it has parsed the whole
NMF file. Thus it is possible to reuse most of the
translator code to create a translator from NMF to
another target language than SPARK.

532



5.3 Implementation

The implementation of the front end was straight-
forward: one just needed, in principle, to translate
the NMF grammar into Yacc form, and then let
Yacc create a parser based on the grammar specifi-

cation. Since the Yacc syntax for grammar descrip-

tion and the Backus-Naur syntax used in the NMF
reference manual are very similar, one could envi-
sion a painless parser generation. Moreover later
modifications of the NMF grammar could easily be
implemented in the front end of the translator.

However, unexpected difficulties occurred.
Some NMF constructs proved ambiguous, and had
to be limited in some way (the most egregious
problem was the SUM and FOR construct am-
biguity, that made for example SUM i=1..N-1-x
undefined: is it (N — 1)(—z) or N(—1—z)? Al-
though pointed out by end 1993, the ambiguity was
finally fixed a year later in the informal NMF 1995
Liége meeting, by the introduction of a OF keyword
between counter and expression). Some seman-
tic distinctions between identifiers in the formal
grammar (all the “names” in the grammar) lead
to ambiguous Yacc parsers, if one did not exercise
care while using the supplied NMF syntax. How-
ever little changes to the NMF grammar description
(naturally without any changes to the NMF gram-
mar itself!) fixed the problem. All in all, those
problems could be overcome relatively easily.

Additional features were added to the gram-
mar rules to make the parser more usable and user
friendly, with respect to error recovery. By default
when a Yacc parser encounters a syntax error, it
terminates immediately. However, adding error ac-
ceptance code to the grammar rules in a systematic
way leads to a more robust parser. Error recovery
was performed using standard recommendations of
[19]. This allows the translator to continue when
an error is encountered, thus effectively parsing the
whole NMF file and reporting errors on the run, the
way commercial compilers do.

Thus the first phase, that is the parser gener-
ation, was fairly easy, thanks to the adequation of
Yacc to the handling of formal grammar descrip-
tions. Grammar ambiguities were spotted while de-
veloping the code.

Then came the intermediate phase, the one
when the parsed items are stored internally by the
translator for further use, semantic checking, and
later code generation.

Some difficulties arose when handling test or
summation or loop constructs inside the equations.
For example,

y:

IF x~2 < 3 THEN
x~3

ELSE

. 1/x

END_IF

is a valid NMF construct, equivalent to the no less:
valid:

IF x~2 < 3 THEN
y = x73
ELSE
y = 1/x
END_IF

Parsing of arithmetic expressions is a well known
topic with well known efficient solutions [1]. The
introduction of tests inside equations, although not
strictly necessary, lead to the establishment of a
tree structure representing equations containing IF
statements. The nodes of such a tree were either
keywords, or expression parts. The handling of
those tree structures, and their translation to a
more readable piecewise defined representation, was
a little heavier than would have been if only plain
arithmetic expressions had been allowed. Also some
care was to be exercised in the handling of semicolon
terminators in embedded constructs.

Once the NMF content had been analyzed and
stored internally in a usable form by the translator,
arose the problem of code generation for SPARK.
The main practical hurdle (that, in our opinion, is
not due-solely to the SPARK environment) was the
clean handling of macro expansion: a typical exam-
ple is the replacement of

FOR i=i..3 x[i]=f(i+1); END_FOR;
by

x[11=£(2);
x[2]=£(3);
x[31=1(4);

Owing to the fact that SPARK objects do not sup-
port variable number of variables (that is, z =
SN, £(6) with N undefined is not a valid SPARK
object: N has to be assigned a known value), macro
expansion of loop constructs and sum constructs
was needed, with the ensuing complexity of having
to introduce an intermediate step in the code gen-
eration phase: the translator-generated C code first
asks the user what the model parameters (like N
in the above example) are, and then generates a C
program that generates SPARK code.

That lead to fairly longish SPARK file names,
reflecting their macro expansion origin. That in
turn led to difficulties due to the fact that UNIXTM
differentiates functions in libraries only if their
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