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 ABSTRACT

Experimentation with m;mcrical s.oftware typically generates large
amounts of data- - The usefulness ot: this data depends very much on the
convenience with which it can be -examined, suﬁﬁarized and/or
tabulated. In this thesis, we oltline the design of a generalized Numerical
Experiments Management System (NEMS) that provides a framework for
managing the large amount of relevant data that aregypically associated-
with nun:;rical studies. This includes the management of both the
parameter vzi/ues that are used in the experiments and the results that
-aré produced. The work is based on a model of the problem solving

. environment which consists of three types of entities called solution

engin€s,  problem instances and cx'per\_i.mcnts. The system environment

1}

‘._\ . .
for NEMS consists of a personal comptyfer which runs NEMS and provides

- -
the database function, and a mainframe computer which carries out the
experiments. The necessary interconnection mechanism is assumed to be

available. The organization of NEMS and its functional capabilities are

described in this thesis.

- —_——
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CHAPTER 1

INTRODUCTION

11 MOTIVATION FOR THE THESIS

In this thesis, the problem that we c,onsilder is that of developing a

convenient and effective means for ‘managing the data that is associated
N :

with extensive sets of numerical experiments. Such experiments could:

include irlll\'restigati.ons With linear and nonlinearr programming codes,.

dynamic system studies:based on the use of packages for the solution of

ordinary or partial d'ifferential equationé, the use of engineering design

software, and simulation studies in general.

Such experimentation can be carried out from either of two
perspectives; namély, that of th'e software developer or that of the
end-u:ser. For a software developer, the objective is generally to develop
a program module that implements some alg(;rithmic procedLT;g (or
procedures) intended for solving some specific class of problgms; e.g.
nonlinear optimization.  The effectivenes,s\>of the module (or more

properly, the unher}ying pro'ceduré) is” then evaluated by testing it using

numerous representative problems from the target class. On the other



-

hand, experimentation for the end-user usually revolves around a
ﬁpecific problem which needs to be solved. The problem freﬁuently
involves parametérs which have a‘ range of values that must be
investigated.  Alternately (or perhaps simultaneously) it may be.desired
to explore différent solution strategies-f‘or the problem, -as contained in
several distinct software packages. | | a

The common feature in both these contexts is tﬁe need to carry out a
relatively large number of pumerical experiments. This nathrall_y leads
to a rapid accumulation of large amounts of data whose usefulness

' ’

depends very much on the convenience with which it can be examined,
summarized and/or tabulated. The desigﬁ .and development of an
environment for carrying out this data management function is the
purpose of this thegis project.

‘We note fimally that although the presentation of this thesis is _:;t‘a
general level, the implementation is oriented around : (a) a PC running
MS-DOS and the dBASE III system; (b) a mainframe compyter running

VM/CMS. This orientation emerges at several places in the presentation

where the discussion requires specific detail.
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1.1 PROBLEM FORMULATION

e

A fundamental constituent of the computer-based experimentation

——

with which the thesis is concerned, is the notion of a "solution engine”

o~

.

(SE). An SE is a unit of program code which implements one ( ossibly
several) solution procedure(s) designed to solve problems of :::)icular
Flass._ Representative examples of SE's are
L -
(a) a linear programming package which generates a solution to
linear programming problems,
(b) a program packﬁge.which contains a collection of procedures
fo;' ‘solving‘ ordinary’jifferential equations (some of the
procedurgs in_ the package may be bett;r suited to solving
certain types of problems; e.g. stiff equations)
(c) a simulation package specifieelly .designed to accommodate
queuing models.
~ The solution engine represents a computational work-horse : a
prerequisite for its activation is a problem whose presentation éoﬁforms
to predefined compatibility requirements. Such a problem presentation

is typically in the form of code and/or data. It is an identifiable unit

which we refer to in this thesis as a "problem instance" (PI}.



“ The notions of an SE”and a PI as outlined above, are very general

and, in fact, admjt situations .that are outside the intended scope of this

thesis project. For.example, it would be possible to identify a‘payro .

program .(sys‘tei’n) as an SE, in which case the associatéd PI could bc;, an
employee file containing employment data for some particular week.
This exampleﬂ is not entirely consistent with the SE/P1 specifications
because the PI lacks a structural ‘attribute that could be regarded .'as
invariant; i.e. the PI is "all data". More specifically, our interpretation of a

r

PI in this thesis,.will alway.s incorporate a loose notioq of a "model".

.Both‘,.the solution engine z%\ the problerﬁ instance, typically
incorporate parameters and the main concern of the eXperimentation
activity is- with studying the results; produced when various parameter
sets are selected. This process can generate large amounts of data which
rapidly bécome unmanageable if managed in the form of printed output.
Furthermore without software support the typical requircment‘ of
carry_ing comparative analysis becomes exceedingl; awkward.

The éeneralized Numerical Experiments Management System (NEMS)

provides a framework for managing the large amount of relevant -data

that are typically associated with numerical studies.  This includes

-

1

-

/s



o+

management of parameter values for both the solution engine (or

»,

engines) being used and the problem instances being studied, together

.~

with the results that are produced in the experiments.

112 PREVIOUS WORK

Previous discussions in the literature about the mAanagement of
numerical experimentation have occurred ‘within the context of _ .
simulation activities. The work of 6ren and Zeiglér'[l], for example,
suggests several file types that would be of value in a weII-deveIoped

simulation environment. The Simulation Data Language (SDL) developed

N

by Standridge incdrporates a database management system specifically

3

designed to, interface with simulation software and to provide a variety of
capabilities in terms of the presentation of simulation results. More

recently Korn [4] describes the DESCTOP system which integrates a

simulation language environment with a file management system that
A b

maintains both program code and simulation results. The work described

in this thesis shares several similarities with the functional characteristics

of these previous developments. Its distinctiveness derives both from

the generalized framework within which it is carried out and its goal of



prowiding a general purpose manager both for the execution of numerical
. i ) .

. ¢
experiments and for the data (i.e. results) that such experimentation

produces.

1.2 PREVIEW OF THE THESIS

This thesis outlines the design and implementation of NEM§
(Numerical Experiments Management System), a database system for the
management of numerical. experiments. Chapter 2 discusses the program
deéign philosophy of the system, including the system environment,
NEMS system functions, program design of NEMS and user requirements.
Chapter 3 gives the implementation aspec.ts for the four NEMS -systcm
functions : "Create”, "Execute”, "Query” and "Delete”. Chapter 4 presents
an examplqsof the use of NEMS. Chapter 5 inciudes some cqncluding
remarks and possible extension that would enhance the usefulness of the

current version of NEMS.



CHAPTER 2

OVERVIEW OF THE DESIGN AND FUNCTIONS OF NEMS

.2.1' CONCEPTUAL ENVIRONMENT

The NEMS software manipulates three classes of objects, namely,
solution engines (SE's), problem instances (PI's), and experiments.’ “In the
folldwing secttons, we outline the pertinent features of each of these

'

object classes.

2.1.1 SOLUTION ENGINES -

We regard a solution engine as a piece of program code that resides
on some mainframe computer to which NEMS has access. This code
éarries out a specific problem solving task (e.‘g‘. solution .of the linear
programming problem or the solution of a system of partial differential
equations). A solution engine is characterized_ by two groups .of
attributes, namely,bdefining att‘ributes and operational . attributes.

The defining attributes gi.ve information about the solution engine's
creation and underlying structure., These attributes are invariant (once
specified, they are never altered). A detailed discussion of the defining

attribute is given in Section 2.4,



The operational attributes relate either to the way in which the -

solution engine carries out its problem solving task or to _the results
which it generatés. 'fypically one or more of these attributes changes in
value from one use of the solution engine to another. These operational:
attributes fall into two categories; namely, parameter's and\(ariables.
Typ'i’callly, a solution engine is designed to function under a range of

circumstances; e.g. va‘r@us sizes of some input data array, various values

of some termination parameter or various values of a parameter-.that.... ...

controls solution accuracy. We refer to attributes of this type as
-

"Parameters"‘. A distinguishing feature of a parameter is that it “must be

assigned a value before the engine’ﬂcan be executed. We note also that

parameters can have a type which is either num/eric or character.

Furthermore, they can be structured as either scalars or vectors.

When a solution engine is executed, values are acquired by some

special set of internal variables. The problem solution that is sought is_

typically contained among these values. These special variables that
characterize the solution generated by the solution engine are called
output variables or simply "variables”. Like parameters, solution engine

variables can-have a type which is either character or numeric and they

can be structure&“/as either scalars or vectors. In addition, however, we



recognize another permissible structure for solution engine variables
which we call a cluster-list (clist). A cluster-list can be regarded as an
ordered set of vectors. An application for this concept would be in
characterizing the solution trajectory of a set of ordinzﬂ?y differential
equations. Suppose, for example, that a problem of this class contains a
set of n first order differential equatic;ns. From the problem solver's ~
perspective, the solution will likely consist of the set of vectors
( t(k), x1¢k), x2(k), ..... , xn(k) ), k=12, ... , m
The fix_-‘st \entry in:'each such vector is a value of the problem independent
aeahs !

variable and the temaining entries are solution values at t(k). Such a
-

co'Ilection of vectors would be regarded in NEMS as a cluster-list.
2.1.2 PROBLEM INSTANCES

A solution engine is designed to solve problems of a particular class.“"
Each specific .problem of the target class is 7alled a problem instance (PI),
and. exists as a piece of program code. Like a solution enginé, a problem
instance is characterized by two groups of attributes called defining
attributes and' operational attributes. The nature and role of these two

categories - of attributes parallels the equivalent concepts as applied to

solution engines.
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In the context of NEMS, we regard each probl;m~ instance as being
associated with a unique solution engine, i.e. the problem ,‘instanceh can
only be "solved" using some particular solution engine. The associated
solution engine is referred to as the problem instance's "master" and
correspondingly, one of the -defining attributes of each problem instance -
identifies this particular solution engine.'

In many circ%mstances, there exists some parameters for a solution
engine which it shares with every, problem'iﬁstance that is "owned" by it.
Consider for example, a-solution engine designed to carry out a nonlinear
function minimization task. When applieci to any particular problem, a
fundamental value that .is likely required by tﬂé“solution engine is the
size of the probleﬁ; i.e., the number of free p-zirameters. Clearly this
particular attribute is also a funciamental characteristic of the problem

itself. --

Such special parameters could be regarded as "belonging” to either

the solution engine or the problem instances owned by the solution

engine. In the design of NEMS, the former -alternative was selected as: the

means of handling such circumstances. To distinguish these special

L

. parameters, they are referred to as “reflected” parameters.  Thus,

reflected parameters occur in the specification for a solution engine, but
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they have their existence within the context of every problem instance
owned by that solution engine; i.e. they are inherited by these problem

instances.

2.1.3 EXPERIMENTS

r

\

\\

An experiment is a relationship (or pairing together) of a solution

engine and a (compatible) problem instance. The implicitly assumed:

effect of the union is the generation, by the SE, of a solution to the PL
’[:his action, in particular, yields specific values for the variables of both
.t'he SE and the PI. Furthermore, a prerequisite -of the action is the
assignment of values to the parameterJ of both the SE and the PI.' The
fundamental task of NEMS is to capture the parameters "and variables
associated with an experiment and to organize this data in a meaningful

(i.e. useful) way for the user.

2.2 SYSTEM ENVIRONMENT
The system environment of NEMS consists of a personal computer
and a mainframe. In the following sections, we discuss each of the

hardware and software environments of the NEMS system in detail.

—

——

-
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"~ 2.2.1 HARDWARE ENVIRONMENT

The design -of the NEMS system has been based on an interconnected

personal, computer/mainframe configuration. In addition, »the necessary
communication link between these two components is assumed to exist.

The primary purpose of the mainframe is to provide the computing

power for-the experiments that are to be carried out within the context of

‘the system. In-addition, the program code for all SE's and PI's that are

known to the system, is assumed to reside in appropriate files on the
mainframe.__,_’l‘he'personal computer which carries out the dfx;a
management task uses some resident database management .system.
There may, how‘ever,..exist circumstances where the PC itself is
sufficiently powérful to handle the anticipated computational workload

and in such cases, a* simplified system configuration without the

mainframe would be possible.

R

L3
The basis for this configuration stems from the following

considerations:

(a) The program code for the SE(s) may be extensive‘a'nd its execution

e

during the problem-solving phase may require substantial- CPU power in
order to achieve solutions within a reasonable time period. These

features could preclude the practicality .of a wholly PC-based



1A3
environment.
(b) Flexible and.} powerful dataﬁase managemént syste-ms“ are widely v\
“available for PC's and hence it is both feasiﬁle and convenient to carry oﬁt
the browsing/evaluation activities of the NEMS concept in a low-cost PC
environment. -
2.2.2 SOFTWARE ENVIRONMENT : e ¢
The software cc;mpohent of NEMS is resident 6n the PC. The objects
- manipulated by NEMS are SE's, PI's and experiments (note that
'experiments are relationships between SE's and PI's). ’I:he basic
_functional requirement of NEMS is to pr?}{ide a database management
capability within the context of a numerical experimentation a‘ctivity.
Inasmuch as general database management sofgware for PC's is widely
available, the appro‘ach chosen in the developmémi of NEMS is to create
around such an available. system.., a superstructure desi'gq,ed to
accommodate the Specialiied needs for the experimentation activity.
Among the three different types of database models, namely,
hierachical, network and relational, we have chosen to use -the relational
model for the implementation of this thesis project. In a relational

database, all data is viewed as being stored in tables. Each of these tables

S~
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e

‘cIosely‘ resembles a conventional sequential file, with rows of the table

corresponding to records of the file and columns corresponding to fields

of the record. These tables are commonly referred to as relations, and

each row of the relation is normally referred to as a tuple.

' +
The principal advantage of the relational model is its relative ease of

et
use. This is a direct consequence of the natural appeal of the tabular
format for data representation. Also, good data independence can be

-

achieved more easily with the relationdl structure than with the
hierachical or network structures. If the database .is in a normalized form
with data i_n_dependence in the software, the data can be restructured,
and the database can groLwithout the need. to rewrité application
program code.

There is a wide selection of database systems available for use on
PC's. We have chosen dBASE III as:the uﬁderlyfﬁfg database system in
‘the implementation of this thesis project. dBASE IIlI provides powerful
commands to perform database creation,_gata entry, upﬁgting, query, etc.
and it also has a complete set of progrémming languége corﬁmands which
enébles the programmer to wri;; programs to perform a wide variety of

data manipulation tasks. Another outstanding feature of dBASE IIT is that

it can conveniently interface with algorithmic programming languages

\

&2



1-5 W

like TURB'OVPASCAL with which it exchanges data using conventional text
files. N
In the context of this thesis project, the main sh_ortcoming of dBASE

Il relates to its restricted support of numeric data. dBASE III supports

both integers and decimal numbers. However, the representatidn of

"

decimal numbers is limited to a maximum of 15 digits. Furthermore,

dBASE IIl does not support numeric data expressed in scientific notation,

and its set of available mlathematical functions is rather limit-ed.

In the anticipated environment for NEMS, it is\highlly likely that
much of the data will be expressed in scientific notation. Hence, in the
imblemenfation, we have chosen to store all numerics as character
strings. To deal with the problems of validation, comparison, and other
manipulations of the numeric data, we must therefore branch out to the
"richer" environment of an algorithmic programming language (in this
case, we have chosen TURBO PASCA.L). Fortunately, the interface
between dBASE III and other algorithmic languages is clean and easy to
use, and this has considerably simplified the solutions to the’ probiems

—

encountered with numeric data.

Y

-~ . ——

o (
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2.3 ~-NEMS SYSTEM MODES

s

NEMS has fcﬂ; system modes which we refer to as : create, execute,

- - query and delete. In the create mode, the user can create the existence

of SE's and PI's. The user can activate and experiment with an SE and PI
in the execute mode. In the query mode, the user can browse through
™ .

the data that has been accumulated in the NEMS database. The user can

also delete the existence of SE's and Pl's in the delete mode. The four

NEMS system modes are discussed further in the following sections.

2.3.1 THE CREATE MODE

In the create mode, the user is provided with the means to crea.te
the existence of both solution engines and problem instances. This
activity takes place as a dialog .during which the relevant specifications
are obtainéd from the creator. The basic stéps in this dialog are

summarized in Figure 2.1.

The user is prompted for the defining attributes of the solution
engine or problem instance, depending on which entity he is creating. He
enters the name of the solution engine/problem instance, the name of the

owner, numeric precision of the solution engine/problem instance, and

I~
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Obtain'Defining Attributes of SE/PI, e.g. name,
-t—creation" date, nu'mber‘ of parameters, number
of variables, numeric precision. For the case
of a PI, also obtain the name of the PI's

"SE master”.

Obtain name, type, default values and
permissable ranges of parameters.

I

Obtain name, type of variables.

Figure 2.1

Fe

Basic Steps of the Create Mode.
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the number of the parameters and variables. For the case of a problem

instance, a user must also specify the SE "master" to be used with the
problem instance. (Recall that each problem instance can only be used

with a particular solution engine, al%houghfa solution ‘engine can be the

/

"mastér“ of many problerﬁ instanceg). _ '

After entering this informatio?,} the user is prompted for information
about the parameters. He entersy the name of each .parameter, its type,
default value -and permissible range’™ For the case of vector parameter,
the user specifies the maximum length of the vector and gi-\}es relevant
information about its active length (i.e. its actual length during execution).
The maximum length of a vector parameter.is invariant; but its agtive

length is likely to vary from experiment to experiment. NEMS provides
. \

-

several options for handling the specifications of active length; namely,

the active length can be fixed at creation time, or be user-assignable at
: | .
execution time; or be specified via the value of another scalar parameter,

Al

or via the active length of anether wvector.’

-t

The user_is also prompted for information relating to the variables.

’

This, in particular, involves specifying the name and type of each of the
variables (the notions of default value and permissible range do not

 apply to variables). The length of a vector variable is handled the same
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~

way as vector parameters. For a clist variable, the usér speéifies _its
maximum size and gives relevant. information about its active size-..-
-After these specificatiohs are obtained, NEMS assigns to the solution
engine/problem instance a NEMS internal identifier. The system then
creates all the relations required to maintain the relevant information.
NEMS adds the solution engine/problem instance to an appropriate
library ahd.creates the appropriate additional relations that are
necessary for storing values for parameters and variables.
A solution engine/problem inst-ance is defined only once. After its
P
creation, the user can use the solution engine/problem instance in an

experiment, or browse through the data associated with it.

2.3.2 THE EXECUTE MqDE -

The execute mode corresponds to the carrying out of an experiment
and thﬁs to the creation of an instance of an "Experiment object”. During
a preliminary set-up dialog with the 11ser, various specifications "are
acq-.;ired. In particﬁlar, both the solution engine and problem instanc;e to
be used in the experiment must first be identified.

The active values of each of the parameters of both the solution

engine and the problem instance must then be obtained from the user.

-

N

. N
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These values are checked for consistency with the  prescribed range

values.

As previously. outlined, vzir,ious dptions ‘are available for ,establisiling
the active lengthl of a vector parameter. For ealch such parameter. (in
" either an SE or f’I) the desirred option .is stored amoné the defining
attributes of the SE or PI (as appropriate). During the set-up dialog of the

execution mode, explicit input from the user relating to the active length

of a particular vector is required onl')if in one circumstance. This is the

case where the active length has been specified to be "user-assignable at

execution time".

. '
In addition to active length specification for parameter vectors. The

user may also be required to provide active length specifications for
variable vectors within the SE and/or PI. This need will depend on the
nature of the stored option that is specified in this régard. Only for the
case where the active length has been specified as.l "user-assignable at
execution time", will explicit user input be required.

Similarly, there méy be a requirement for, the user input of a value
~ for the active size of some clists within the SE and/or PI. This also will
depend on the-active size optionﬂthat was specified during the creation

phase.
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The - set-up dialog continues until NEMS acquires values for all
;;rameters, active lengths and siies that are needed for the experiment
that is being initiated.

The data acquired from the user is placed into appropriate NEMS
relations. In addition, a "set-up" file is ‘generaled which incorporates the ’
parameter values and other pertinent data (e.g. the specified SE and PI to
be us.ed in- the experiment). IThis file provides the data necessary for the

setting up of the mainframe-resident SE and PI that are to be used in the

experiment. )

Communication with the remote mainframe is then initiated and the
user transfers the set-up file from the PC to the mainframe. \The
"NEMS-remote” procedure (a module resident on the mainframe) is then
activated by the user and this results in tl;e reading of the set-up file and |
the subsequent execution of the prescribed solution engine/problem
instance combination. After completion of the experiment; the results (as )
written to a pre-determined file) are transferred back to the PC where
NEMS extracts values for the solution engine/problem instance variables

in the appropriate relations. The basic steps associated with the execute

mode are given in Figure 2.2,



=

s

.

Identify SE/PL.

v

Assign active values to SE/Pl parameters.

{

S

Establish active lengths of SE/PI vector parameters/variables.

Establish active sizes of SE/PI clist variables, - -

!

User initiated file transfer from PC to mainframe.

: ﬂ

User initiated execution of NEMS-remote.

!

User initiated file transfer from mainframe to PC.

Y

Storage of experiment results.’

ipure 2.2

Basic Steps of the Execute l\fo,de.




2.3.3 THE QUERY MODE

—

< q |
It is in the query mode that the user is able to browse through the

data that has been accumulated in tﬁe NEMS dataﬁése. The query
sui:system is menu-driven and providqs a selection of queries which are
of particular relevance to the user. One of the basic objectives of the
query mode is to provide a means for conveniently displaying the values
of thelpara.meters and \‘/ariables in the experiments associated with a
solution engine and/or a problem 'instance. o’

In the query mode, the user can, in particular, list the collection of

- '

solution engines and problem instances in the NEMS library. He can
examine the definiﬁg attributes, such as owner's name, creation date,
numeric precision, etc., of a solution engine or problem instance. The user

e

can also ostain specification information_.abo t . parameters and
nvariab]es, such as their names, types, defauit values and pegmissible
ranges. Experiments carried out withla_ solution engine'or problem
instance can also lbe examined. To do so, the particular solution engine
and/or. probler;l instance that is of interest must first be "designated”.

, After designation, the user can, for exampfe, display all the problem

instances associated with a designated solution engine.? The user can also

“refine” what he wishes to see by "masking" parameters and/or variables



‘that are not of particular interest. After the masking operation, the
masked parameters/variables do not appear in any subsequent display.
The user can also "specialize" ranges of values fo? ‘parameters and
variables that he wishes to consider. After specialization, only
experiments which satisfy the range conditions are displayed. Note that
_ both the masking and specialization operations can be re-initialized, that

is, the user can always unmask the masked parameters/variables, and

eliminate range specifications.

- -

This query subsystem is menu-driven and the user moves from one
1
menu to anether. This query subsystem provides a.convenient means to
browse through the NEMS database and examine the accumulated data

relating to SE's, PI's and experiments. A representation of the various

stages. associated with the query mode is given in Figure 2.3,

2.3.4 THE DELETE MODE

In the delete mode, the user canﬂcielete the existence of an-SE or a-PlL
The process of deleting an instance of an SE or a PI is very
straightforward. The user is simply prompted for the name of the SE or

PI that he wishes to delete. After this identificdtion, NEMS performs the

necessary actions to delete the SE or PI and all the information relating to
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igure 2.3

Basic Steps of the Query Mode,
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it. Figure 2.4 gives a representation, from the user's perspective, of the
basic steps involved in the deletion process. The deletion operation can-

result in extensive activity within NEMS, particularly in the case of the

-

"%eletion of an SE. In such a case, NEMS must delete not only every
experiment that is associated with the SE, but also delete every PI that

has this SE as its master. The situatidn can be aggrevated when the SE

e

and PI's have vector parameters or variables associated with them.

2.4 STORAGE STRUCTURES ._ \
The data relating to the three underlying entities : SE's, PI's and

experiments, are organized as a set of dBASE III relations. This collection

—rp—

of relations is discussed in. detail in the following sections.

Figure 2.5 gives a global view of these various relations that can
exist in NEMS as well as their structural relationships. In this Figure a

single arrowhead indicates a one-to-one relationship, while a double

arrowh€ad indicates one-to-many.  This Figure provides a unifying

perspective for the discussion -which follows.
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A

—

Enter name of

SE to be deleted.

Enter name of
PI to be deleted.

Basic Steps of the Delete Mode.
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SE_Lib _
v | | I
PSE<nn> RPSE<nn_> VSE<nn> RVSE<nn> ESE<nn>
SE<nn>I<it> t t ‘ t
SE<iin>P<ii> | [SE<nnsViis| [SEnsCeii>
PI _Lib
| ! l
PPl<nn> VPI<nn> EPl<nn>
Pl<nn>l<ii> # * #

i

Pl<nn>P<ii>

Pl<nn>V<ii>

I<nn>Cdi> .

re 2.5

Interrelationships among the NEMS Relations.
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24.1 STORAGE OF SE INSTANCES
Each SE defined to the system.is described via-a set of "Defining -
attrilgutes".-i This characterizing data for. each SE-is maintained as a tuple

in a relation called SE_Lib. The attributes of SE_Lib are summarized in

Table 2.1 .

2.4.2 STORAGE OF SE PARAMETER SPECIFI(;ATIONS

As outlined in Section 2.1.1 , each SE kndwn to -the system. is
associated with: a distinctive set of parameters whose values control thé
operational characteristics of the enginé. The specifications for "each.lo‘f
the parameters associated with the SE whose internal identifier is SE<nn>
are maintained as tuples iﬁ a _taple called PSE<nn®. The attributes of
PSE<nn> are summarized in Table 2.2 and the following explanatory notes

-

relate to Table 2.2. N

- N

For the case of a vector parameter, a user must specify the vector's

NOTE 2.1

maximum length at creation time, and this maximum length is invariant.
A vector's active length (which applies at execution time) may be

invariant;. however it is more likely that it will vary from experiment to

. o
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ATTRIBUTE TYPE SIZE DATA
SE_NAME CHARACTER 15 User specificd name for the SE.
SE CODE CHARACTER 4 NEMS internal identifier for the S[:;"‘.
CR_DATE:' DATE 8 Creation date of the SE.
OWNER CHARACTER 15 Name of the owner of the SE,
NUM_PAR INTEGER NUMERIC 2 Number of parameters.
NUM_RPAR | INTEGER NUMERIC 2 Number of reflected parameters.
'NUM_VAR [NTiE_GER NUMERIC 2 'Number of output variables.
.NUM_R’V‘AR INTEGER NUMERIC 2 Number of reflected output variables.
P@CISION CHARACTER 1 Numerical precision (Single/Double).
NUM_USAGE | INTEGER NUMERIC 4 Total number of usages of the SE.
EXEC_NAME | CHARACTER 15 Name of the Exec file which executes
the SE.
Table 2.1

Attributes of the Relation SE_Lib.

* The internal identifier for SE's are of the form SE<nn>. The notation

<nn> is used to represent an arbitrary two digit identifier.

—
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ATTRIBUTE TYPE SIZE . DATA

PAR_NAME | CHARACTER 15 Parameter namie. '

PAR_CODE CHARACTER 3 NEMS internal identifier for the
parameter.

PAR_TYPE CHARACTER 9 Parameter type. [ Possible values are :
Scalar, Vector, Character. ]

N_TYPE CHARACTER 7 Numeric type of parameter. [ Relevant
only to the case where PAR_TYPE is
not Character. ] .

. LENGTH INTEGER NUMERIC 2 Maximum fength of vector. [ Relevant
only to the case where PAR_TYPE is
Vector. ]

VIA CHARACTER 15 A parameter/variable name through
which the active length of a vector is
obtained. [ Relevant only to the case
where PAR_TYPE is Vector.]

LEN_CODE CHARACTER 2 Active length code. [ Relevant only to

' the case where PAR_TYPE is Vector,
I See Note 2.1. ]

DEFAULT - CHARACTER 15 Default value. [ See Note 2.2 for the
case where PAR_TYPE is Vector. ]

LO_BOUND CHARACTER 15 Lower bound. [ See Note 2.2 for the

- case where PAR_TYPE is Vector. )

UP_BOUND CHARACTER 15 Upper bound. [ See Note 2.2 for the

case where PAR_TYPE is Vector.\
Table 2.2

Attributes of the Relation PSE<nn>.

—p—
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experiment. Thus some degree of flexibility is required. NEMS provides
several options for handling the specifications of active length; namely,
the active length can be fixed at creation time, or be user-assignable at

execution time, or be specified via the value of another scalar parameter,

or via the active length of anothes vector. The value of the LEN_CODE
attribute gives informatibn on h%w the active length is to be obtained.
The possible values of this LEN_CODE attributes are : n, PS, PV, X, NEMS
interprets the value stored in the LEN_CODE attribute and carries out the
appropriate actions to obtain the correct active length- for the vector
parameter when the solution engine is activated. Table 2.3 gives the
interpretation for each possible value of the LEN_CODE attribute.
NOQTE 2.2

A vector parameter can have a default value, as well as upper and
lower bounds, for each of its components. Since only scalar values can be
stored in dBASE IIl relations, it is necessary to.create a supplementary
relation to store these attributes for each vector parameter. Assume we
have a solution engine whose SE CODE is SE<nn>, which has a vector

parametéi‘? whose PAR CODE is P<ii>; then the information for the

components of this vector parameter is stored in a relation called
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LEN_CODE INTERPRETATION
n The active length of the vector in question is explicitly given as n.
PS The active length of the vector in question is the same as the value
of the SE scalar parameter stated in the VIA attribute.
PV The active length of the vector in question is the active length of
SE vector "parameter stated in the VIA atiribute.
X The active length of the vector in question is provided by the

identifier stated in the VIA attribute. This identifier is assumed to
be a scalar or vector parameter, or a vector variable of the

particular PI used with the SE during an experiment.

“
Table 2
Interpretation of Active Length Codes.

(SE Vector Parameter)
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SE<nn>I<ii>; Furthermore, the vaiue assigned to the DEFAULT attribute of

this vector parameter in the relation PSE<nn> is th?name of the relation

which stores the information. éimilarly, the value assigned to the

UP_BOUND and LO_BOUND /attributes of this vector parameter is also
s

SE<nn>I<ii>. Further discussion on the relation SE<an>I<ii> is given in

Section 2.4.4.

2.4.3 STORAGE OF SE REFLECTED PARAMETER SPECIFICATIONS
The reflected parameters of ;n SE have a special role as outlined in
Section 2.1.2. The specifications for each of the reflected parameters
associated 'with the SE w.hose internal identifier is SE<nn> are maintained
as ‘a tuple in a tablf: called RPSE<nn>. The attributes 'of RPSE<nn> are

————

summarized in Table 2.4 and the following explanatory note relates to

Table 2.4.
NOTE 2.3

The method for specifying the acL:—t'i've length of a reflected vector
parameter parallels that used in the case of the active length of a

- conventional (i.e. non-reflected) vector parameter. ( See Note 2.1. ) The

value of the LEN CODE attribute gives information on how the active
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ATTRIBUTE TYPE SIZE DATA

PAR_NAME | CHARACTER - 15 Parameter name. - L

PAR_CODE | CHARACTER 3 | NEMS internal identifier for the
parameter.

PAR_TYPE CHARACTER 9 Parameter type. [ Possible values are :
Scalar, Vector, Character. ]

N_TYPE CHARACTER 7 Numeric type of parameter. [ Relevant
only to the case where PAR_TYPE is.
not Character, ]

LENGTH INTEGER, NUMERIC 2 Maximum iength of vector, [ Relevant

Y only to the case where PAR_TYPE is
Vector. ]

VIA CHARACTER 15 A parameter/variable name through
* which the active length of a vector is
obtained. [ Relevant only to the case

- where PAR_TYPE is Vector.]

LEN CODE | CHARACTER 2 Active length code. [ Relevant only to
the case where PAR_TYPE is Vector.
See Note 2.3, ]

Table 2

Attributes of the Relation RPSE<nn>.




36

length is to be obtained. The possible values of the LFRN_CODE attribute
are : n, PS, PV, X, Table 2.5 gives the interpretation for each possible

N
- value of the LEN_CODE attribute.

—

¥

244 STORAGE OF SE VECTOR PARAMETER SPECIFICATIONS

As indicated in Note 2.2, the default value, as well as the upper and
lower bounds of each of the component of a’ vector parameter are stored
as a tuple in a fclation called SE<nn>I<«ii>, where SE<nn> is the internal
identifier of the associated solution engine and P<ii> is the PAR_CODE of

the vector parameter in question. The attributes of SE<nn>I<ii> are

summarized in Table 2.6.

2.4.5 STORAGE OF SE VARIABLE SPECIFICATIONS

Each SE known to the system is associated with a distinctive set of
variables whose values capture some portion of the ex-lﬁerimental results
associated with the use of the engine. (See Section 2.1.1.) The
specifications for each of the variables associated with the SE whose
internal identifier is SE<nn> are maintained as a tuple in a table called

VSE<nn>. The attributes of VSE<nn> are _summarized in Table 2.7 and the
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LEN_CODE INTERPRETATION
»
n The active length of the vector in question is explicitly given as n.
PS The active length of the reflected vector parameter in question is

the same as the value of the SE reﬂeéred scalar parameter- stated in
VIA attribute, '

—~ -

PY The active length of the reflected vector parameter in question is
the same as the active length of the SE reflected vector parameter
stated in the VIA attribute.

X The active length of the reflected vector parameter in question is
provided by the identifier stated in the VIA attribute. This identifier

is assumed ta be an SE scalar parameter or an SE vector parameter.

Table 2

Interpretation of Active Length Codes.

(SE Reflected Vector Parameter)
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-

- | ATTRIBUTE “TYPE | SIZE DATA  ~
COMP_NO INTEGER NUMERIC 4 Component number in question,
LO_BOUND | CHARACTER 15 | Lower bound.

UP_BOUND CHARACTER 15 Upper bound.
DEFAULT CHARACTER 15 Defa.ult value.
™
Table 2

Atfributes of the Relation SE<nn>I<«ii>.
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ATTRIBUTE

TYPE
P

SIZE

DATA

VAR_NAME

CHARACTER

15

Variable name.

VAR_CODE

CHARACTER

NEMS internal identifier for the

.variable,

VAR_TYPE

CHARACTER

Variable type. [ Possible values are :

Scalar, Vector, Character,Clist. 1

N_TYPE

CHARACTER |

Numeric typé of variable, [ Relevant
only to the case where VAR _TYPE is

not Character. ]

LENGTH

INTEGER NUMERIC 2

,-/

‘Maximum length of vector (if

VAR_TYPE is Vector) or maximum size

,of clist (if VAR_TYPE is Clist).

{ Relevant only ‘to the case where
VAR_TYPE is Vector or Clist. }

V1A

CHARACTER

15

The parameter/variable "name through
which the active length of a vector or
the active size of a clist is obtained.

[ Relevant only to the case where
VAR_TYPE is- vector or Clist. ]

LEN CODE

CHARACTER

Active length code of a vector (if
VAR_TYPE is Vector). Active size code
of a clist (if VAR_TYPE is Clist).

[ Relevant only to the case where
VAR_TYPE is Vector or Clist. ]

( See Note 2.4 )

Table 2.7

Attributes of the Relation VSE<nns>.




- | 40

following explanhtory note relate to Table 2.7.
The active length of .a vector variable. ié established in a similar wAay
. to the active length of a vector. parameter. (See Note 2.1.) The value
assigned to the LlEN‘_CODE attribute specifies how NEMS is to obtain the
active length the vector variable. The pogsible values for the LEN_CODE

attribute are 7 n, PS, PV, VV, X and Table 2.8 gives the interpretation for

—

each of the possible values.

The maximum size of a clist variable is specified by the user at
creation time, and this assigned value is invaria;n. However, a clist's
active;-i—ze, which applies at execution time, may vary from experiment to
experiment. This active size can be either fixed at creation time, or
user-assignable at execution time, or be specified via the value of another
scalar parameter, or via the active size of another clist. The value of the

LEN_CODE attribute gives information on how the active size is to be
. _ obtained. The possible values of this LEN_CODE attributes are : n, PS, X.
NEMS interprets the value stored in the LEN_CODE attribute and carries

out the appropriate actions to obtain the correct active size for the clist

variable. Table 2.9 gives the interpretation for each possible value of

. e

-3
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LEN_CODE ' : - ' INTERPRETATION
n The active length of the vector in question is explicitly given as n.
PS The active length of the vector in question is the same as the value

of the SE scalar parameter stated in the VIA attribute.

PV The active length of the vector in question is the active length of
SE vector parameter stated in the VIA attribute.

VA% The active length of the vector in quesnon is the active length of
SE vector variable stated in the VIA auribute. '

X The active length of the vector in question is provided by the
identifier stated in the VIA auribute. This identifier is assumed to
be a scalar or vector parameter, or a vector variable of the PI used
with the SE.

Fable 2.8

Interpretation of Active Length Codes.

(SE Vector Variable)
RN

k1
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INTERPRETATION

LEN_CODE
n The active size of the clist in question is explicitly given as n.
PS The active size of the clist in question is the same as the value
of the SE scalqr parameter stated in the VIA atlribqte.
X

The active size of the clist in question is provided by the
identifier stated in the VIA attribute. This identifier is assumed to

be a scalar parameter, or a clist variable of the PI used
with the SE.

v

J

e
Table 2

Intei‘pretation of Active Size Codes.

(SE Clist Variable)
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" the LEN_CODE attribute 'of a clist variable."

T

T e R

2.4.6 STORAGE OF SE REFLECTED VARIABLE SPECIFICATIONS
| As outl‘ined in Section 2.1.2, the reflected variables of an SE have a
special role. The specifications for each of the reflected variables
associated with the SE whose internal identifier is SE<nn> are contained in
a table called RVSE<nns. The attributes of RVSE<nn> are summarized in
Table  2.10 and the following explanatory note relate to Table 2.10.
NOTE 2.5 . . . | , :
The ac‘:tive length of a feflt.actcd .vector variable is obtained in a
. similar \?vay to the active length of a vector parameter. (See Note 2.1.)
The value of the LEN CODE attribute of a reflected vector variable gives
information about how to obtain the active length. Possible values for the
LEN_CODE attribute are : n,'PS, PV, VV, RV, X and Table 2.11 gives the
. interpretation for each of these possible values.
The active size of a reflected clist variable is obtained in a si.mi'lar
way to the active size of a clist variable. (See Note 2.4.) The LEN CODE
attribute of a reflected clist variable gives information'about how "to

+

obtain the active size of a clist variable. Possible values are : n, PS, X and

-,

7
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ATTRIBUTE

TYPE

SIZE

DATA

VAR_NAME

CHARACTER

15

Variable name.

VAR_CODE

NEMS internal identifier for the
variable. 4

VAR_TYPE

CHARACTER

Variable type. '[ Possible values are :
Scalar, Vector, Character,Clist, ]

N_TYPE

CHARACTER

Numeric type of variable, [ Relevant
only to the case where VAR_TYPE is

not Character. ]

LENGTH

INTEGER NUMERIC 2

\

Maximum length of vector (if
VAR_TYPE is Vector) or maximum size
of clist (if VAR_TYPE is Clist),

[ Relevant only to the case where
VAR_TYPE i_s Vector or Clist.

VIA

CHARACTER

15

The parameter/variable name through

which the active Iéngth of a vector or
the active size of a c:'l.iSt".‘isf;obtained.

[ Relevant only to the case where
VAR _TYPE is Vector or Clist. ]

LEN _CODE

CHARACTER

Active length code of a vector (if
VAR_TYPE is Vector). Active size code
of a clist (if VAR_TYPE is Clist).

[ Relevant only to the case where

VAR_TYPE is Vector or Clist. ]
{ See Note 2.5 )

Attributes of the I__{elation

Table 2,10

RVSE<«nn>. .
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LEN_CODE

L4

INTERPRETATION

n The active length of the vector in question is explicitly given as n.

PS The active length of the reflected vector variable in question is
the same as the value of SE scalar parameter stated in the VIA’
attribute, ) o N

PV’ The active length of the reflected vector variable in tiuestion is

T the same as the active length of the SE vector parameter stated
in the VIA attribute. )

\A% The activé length of the reflected vector variable in question is
the same as the active length of the SE vector variable stated
in the VIA atribute.

RV The active length of the reflected vector variable in question is
the same as the active length of the SE reflected vector variable
stated in the VIA attribute. ~

X The active length of the reflected vector vaariable in question is

provided .by the identifier stated in the VIA attribute. This identifier

is assumed to be an SE-scalar parameter or an SE vector parameter.

Table 2.11

Interpretation of Active Length C

1

(SE Reflected Vector Variable)

odes.
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- Table 2.12 gives the interpretation for each of the possible values.

2.4.7 STORAGE OF ACTIVE VALUES FOR SE PAR-A.METERS

The initialization of an experiment via NEMS begins with the‘
specification of some particular solution engine. The parametefs‘
associated with that SE must then be. assigned specific values (i.e. active
values) which will be wused during the ex-pe.riment _execution.
Furthermore, the problem instance associated with the experiment must
also be identified. = Each usage of an SE is assigned a sequential
identification number and, 'in addition, each NEMS cxpelrﬁimem has a
sequential identification ‘number. These various characteristics of an
experiment carried out with an SE 'whose internal . identifier is SE<nn> are
stored as.a tﬁi‘JpIe in a table called ESE<nn>. Table 2.13 summarizes the
attributes of ESE<nn> and the following explanatory note relates to Ta.ble
2,13. Note also that the values of the SE output variables resulting from
the experiment are also stored in the table. |
NOTE 26

For the case of a vector parameter, the active values for each of the

Kvector components. are stored in a supplementary relation called

’ . .
—
. L4
N .
i

~O
)
i
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LEN_CODE " INTERPRETATION

n The active size of the clist in question is explicitly given as n.
PS The active size of the clist in question is the same as the value

of the SE scalar parameter stated in the VIA attribute.

X The active size of the clist in question is’ provided by the

identifier stated in the VIA attribute. This identifier is assumed to
be a scalar parameter, or a clist variable of the PI used

with the SE. '

Table 2,12

Interpretation of Active Size Codes.

(SE .Reflected Clist Variabled
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Attributes of the Relation ESE<nn>.
2

/\\

ATTRIBUTE TYLE SIZE . DATA

SE_SEQ NUM! INTEGERNUMERIC | 4 +4-SE usage number,

XID INTEGER NUMERIC 4 NEMS experiment 1D,

PI_CODE CHARACTER 4 NEMS internal identifier for the PI
used.in the experiment, ([See Note 2.6]

PO1 CHARACTER 15 Value assigned to the parameter
whose PAR_CODE is POl. [See Note 2.6]

P02 CHARACTER - 15 Value assigned to the parameter
whose PAR_CODE is P02. [See Note 2.6}

0 0 0 0

0 o ) o

o 0 o - 0

P<nn> ' CHARACTER 15 Value assigned te—the parameter

| whose PAR_CODE is P<nn>.

Vol CHARACTER 15 Value acquired by the output variable
whose VAR_CODE is VO1.

V02 CHARACTER 15 Value acquired by the output variable
whose VAR_CODE is V02,

0 o ) 0

0 o 0 0

0 0 _ o o

Venn» CHARACI'ER 15 Value acquired by the output variable
whose VAR_CODE is V<an>,

Igblg_;,lﬁ
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SE<nn>P<ii>, where SE<nn> is the internal identifier of the SE and P<ii> is
the PAR_CODE of the vector parameter. In such a case, the "value” stored
for the parameter P<ii> is the relation name SE<nn>P<ii>. Further details

about the relation SE<nn>P<ii> are given in Section 2.4.8.

g

2.4.8 STORAGE OF ACTIVE VALUES FOR SE VECTOR PARAMETERS
| Suppose we have a solution engine whose internal identifier is
SE<nn>, which‘ has a vector parameter whose PAR_CODE is P<ii>. When
NEMS initiates an experiment; the active value assigned to each of the
vector components ia entered as a tuple in a table calle}i SE<ﬁn>P<ii>. (See

Note 2.6.) The attributes of SE<nn>P<ii> are summarized in Table 2.14.

24,9 STORAGE OF VALUES FOR SE VARIABLES

As outlined in Section 2.1.1, each SE known to the system is

associated with a set of variables. These variables capture a portion of
the results generated from the execution of an experiment. The values of

the variables for a solution engine whose internal identifier is SE<nn>, are
1] -

stored\ in the same table which stores the -active values for the SE
f\j, '
pafameters; namely, in the table ESE<nn>

whose attributes are
g
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Y

ATTRIBUTE TYPE SIZE DATA

SE_SEQ NUM| INTEGER NUMERIC 4 SE usage number.

ACT_COMP INTEGER NUMERIC 15 Number of active components. =

Co1 CHARACTER 15 Value assigned to component number
1 for the experiment.

C02 CHARACTER \15 Value assigned to component -number
2 for the experiment.

o 0 0 o

0 0 0 0

0 0 0 o

C<nn> CHARACTER 15 Value assigﬁed to component number
<nn> for the experiment.

Table 2,14 -

~

Attributes of the Relation SE<nn>P<ii>.

H
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summarized in Table 2.13.

2.4/108*0RAG1.3 OF VALUES FOR SE VECTOR VARIABLES

\ Suppose we have a solution engine whose internal identifier is
SE<nn>, which has a vector variable whose VAR CODE is V<ii>. When
NEMS completes an experiment, the value obtained for each of the vector
components is inserted in a table called SE<nn>V<ii> whose attributes are
summarized in Table 2.15. Note that the "value" stored for such a vector
variable in the relﬁtion'ﬁSE<nn> (se¢’ Table 2.13) is simply the relation

. o
name SE<nn>V<iis.

2.4.11 STORAGE OF VALUES FOR SE CLIST VARIABLES

¥

Suppose we have a solution engine whose internal identifier is
. ' 1
SE<nn>, which has a clist var@able whose VAR_CODE is V<ii>. When .NEMS 4
completes an exi)erimént, the data values of the clist variable are stored
in a file in the mainframe. However, the total number of data points in’
this clist variable, and the name of the file (in the mainframe) which

stores all these data values are maintained in a relation called SE<nn>Ccii>.

The attributes of SE<nn>C<ii> are summarized in Table 2.16, Whenéyer a
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Attributes of the Relation SE<nn'>V.<ii>.

ATTRIBUTE TYPE SIZE DATA

SE_SEQ NUM| INTEGERNUMERIC | 4 | SE usage number. st

ACT_COMP INTEGER NUMERIC 15 Number of active components.

COo1 CHARACTER 15 Value acquired by component number
1 from the experiment,

co2 CHARACTER 15 Value acquired by component number

' 2 from the experiment.

0 0 ) o

) o 0 o

C<nn> CHARACTER 15 Value acquired by component number
<nn> from the experiment.

Table 2.1
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variable, V&Zii>, is- a clist, the "value” stored for it in the relation ESE<nn> -

~ (see Table 2.13) is the relation name SE<nn>C«ii>.

2.4.12 STORAGE OF PI INSTANCES
Each PI defined to the system is associated with a set of "Defining
attributes".  This characterizing data for each PI is maintained in a

relation called PI Lib. The attributes of PI Lib are summarized in Table
2.17.
i

2.4.137 STORAGE OF<PI PARAMETER SPECIFICATIONS

As outlined in Section 2.1.2, each PI: known to the system,"i"s
associated with a distinctive set of parameters whose values control the
operational characteristics of the PI. The s;pecifications for each of the
parameters associated wit}_l the PI whose internal identifier is Pl<nn> are
contained in a table called PPI<nn>. The attributes of PPl<nn> are the

same as the attributes of PSE<nn> (see Section 2.4.2 and Table 2.2).

2.4.14 STORAGE OF PI ,VECTOR PARAMETER SPECIFICATIONS

The vector parameters of a PI are handled in the same way as those
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ATTRIBUTE | TYPE SIZE DATA

3E_SEQ NUM| INTEGER NUMERIC 4 SE usage number.

SIZE INTEGER NUMERIC 2 Active size of clist.

C_NAME CHARACTER 15 File name where the clist datz is stored

in the mainframe.

NUM_PTS | CHARACTER 15 | Total number of data poiats. .°

le 2.1

Attributes of the Relation SE<nn>Ccii>.
.
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AITTRIBUTE TYPE SIZE DATA
PI_NAM'E.‘. CHARACTER 15 | User specified name forl the PL
PlI_CODE .CH;\RAC]‘ER 4 NEMS internal identifier for the PI.
CR_DATE DATE 8 - | Creation date of tl; ‘PI.
OWNER CHARACTER 15 Nam_e‘_of the owner of the PI. /
NUM_:PAR INTEGER NUMERIC 2 - | Number of parameters.
NUM_RPAR INTEGER NUMERIC 2 Number of reflected parameters.
NUM_VAR INTEGER MUMERIC 2 Number of output variables. @
NUM_RVAR | INTEGER NUN_IERIC- 2 Number of reflected o;nput variables.
PRECISION (':'HARACTER | 1 Numerical precision (Single/Double).
NUM_USAGE | INTEGER NUMERIC 4 Total number of usages of the PL
SE_MASTER | CHARACTER .15 le;me of the SE to which the PI is

' bound.

Table 2,17

Attributes of the Relation PI_Lib.
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of an SE (see Section 2.4.4). Suppose_, in particular, that._:'a PI whose
internal identifier is Pl<nn>, has a vector parameter whose'éAR_CODE is
P<ii>, thgn a supplementary relation Pl<nn>I<ii> is created. Pl<nn>l<ii>
stores th_e default values, as well as upper and lower bounds for eﬁch

9
)
component of the Pl vector parameter of Pl<nn>. The attributes of

Pl<nn>I<ii> are the same as those of SE<nn>I<ii> as given in Table 2.6.

2415 STORAGE OF PI VARIAI?'LE SPECIFICATIONS
Each PI known to the system is associated with a distinctive set of
v‘ariables whose values capture a portion.of the experiment results (see.
SeI:tion 2.1.2). The specifications for each of Ihe variables associated with
t

the PI whose internal identifier is Pl<nn> are- contained in a table called

VPI<nn>. The attributes of VPI<nn> are the same as those of VSE<nn> as

given in Table 2.7.

.24.16 STORAGE OF ACTIVE VALUES FOR PI PARAMETERS

For each experiment initiated by NEMS, the parameters associated
with the PI must be assigned active values which are used during the

execution of the experiment. The active values for each of the



e
ay

.2.4.¥7 STORAGE OF ACTIVE VALUES FOR PI VECTOR .

iy

parameters associated with an PI whose internal identifier is Pl<nn> are

contained in a table called EPI<nn>. With the following two exceptions, the

attributes of EPI<nn> are the same as those of ESE<nn> (see Table 2.13) :

(a) The .attribute PI_SEQ_NUM repléces the attribute SE_SEQ NUM of

ESE<nn>. This attribute stores the. usage number for the PL
(b) The attribute SE CODE replaces the attribute PI_CODE of ESE<nn>.

This attribute 'sfores the internal NEMS code of the SE to which the PI i1s

‘bound.

¥
N o~

PARAMETERS .

Suppose we have a PI whose internal identifier is Pl<nn>, which has

-

. a’'vector parameter whose PAR_CODE is P<ii>. When NEMS initiates an

experiménf, the active values as;ign'ed to each of the vector components
are maintained in .a ‘table called Pl<nn>P<ii>. _! Except for the attribute
SE_SEQ_NUM, the attributes of Pl<nn>P<ii> are the saxﬁe as those of
SE<nn>P<ii> (see Table 2.14). The attribute SE_SEQ NUM in SE<nn>P<ii> is
replaced with PI SEQ NUM in Plennsl<ii where PI_SEQ_NUM is the usage

numPer for the, PI.
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2.4.18 STQRAGE OF VALUES FOR PI VARIABLES

F_-\_s. outlined in Section 2.1.2,\each PI”. known to the lsystem may. be
associated with .a set of variables. These variables c-arpture a portion of
the results generated from the execution of an expe‘riment. with the PI.
F-or.a- PI whose internal identifier is Pl<nn>, the values of its variables are .
“stored in .the same t“able which stores the active values for the PI

parameters; | i.e.-, in fhe table EPI<nn>. The .féttributes -of EPl<nn> are
described in Sectioq 2.4.16. '
.24.19 STORAGE OF VALUES FOR PI YECTOR VARIABLES

Suppose we have a-PIl whose 'internal identifier is. Pl<nn>, which has
a ve-c':tpr variable whose VAR_.CODE is V<ii>., When NEMS carries out.an
experi‘me‘nt, the vaiue”obtained. for each of the vector components is -
placl;:ad in a.tablq called Pl<nn>V<ii>. With one e;{cgption, the attributes of
Pl<nn>V<ii> are the same as those of SE<nn>V<ii> (see Table 2.15). The
exception is the .attribute SE_SEQ_NUM m SE<nn>V<ii> which is replaced
with PI_SEQ NUM in PI<nn>V<_ii$. PI_SEQ_NUM stores the usage number

rl

for the PI.
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~

2420 STORAGE OF VALUES FOR PI CLIST VARIABLES

_----.-.Sup‘pose we have a Pl whose internal identifier is Pl<nn>, which has“
.°a c-list ‘variall)l_'e._* Whose_VAR_'CODE' is V<ii>. When NEMS carries out an
experirﬁent, the related inforrﬁation obtained for the clist variable is
placed in a table called Pl<nn>C<ii>. With one exception, the attributes of
Pl<nn>V<ii> are the same as those of S-E<nn>'V<ii> (see Table 2.16). -T_h-e
exception is the attribute SE__SEQ_NUM in SE<nn>C<ii> which is replaced
with PI_SEQ NUM in Pl<nn>Ccii>. PL. SEQ NUM stores the usage number

for the PL.

2.4.21 STORAGE OF EXPERIMENTS

Each experiment iniiiated by NEMS is associated with a set of
attributes whose values serve to characterize the expgrirﬁent (see Section
2_:1.3). This data is maintained in '__a table called EXP Lib. The attributes

D
of EXP_Lib are summarized in Table 2.18.
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ATTRIBUTE “TYPE SIZE |- DATA
) .
XID INTEGER NUMERIC 4 Experiment ID.
SE CODE . CHARACTER 4 NEMS internal identifier for the SE

used in the experiment..

-PI_CODE CHARACTER 4 | NEMS internal identifier for the PI
' ;o used in the experiment,
EXPT DATE | DATE | "8 | Experiment date.

SE_SEQ NUM| INTEGER N'UMERIC 4 SE usage number.

PI_SEQ NUM| INTEGER NUMERIC 4 Pl usage number.

Table 2.1

Attributes of the Relation EXP_Lib.
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2.5 - USER REQUIBEMENTS

. NEMS i.s a menu-driven system a.nd it i§ 'very simple to use. After
the user signs onto thte éystem, he is guidgd bf NEMS throughout the
session. 'l;he user does not need tc; know anything about t.he. internal
mstructu‘rés of.iﬁlplementation details of NEMS in order to use NEMS
effeétively. However, the user must be familiar with the concepts of
SE's and PI's, and their associated parameters and variables. Also, thel
user has {o design tﬁe format of the input and outpﬁt operations of the
program c;ode of each SE and PI acéording to prespecified conventions in
or.der to ensure that NEMS can interface properl'y. Further diséussion
about user requirements is given in the following sections.

=

2.5.1 DEFINING THE SE/PT

The two basic entities of NEMS are the solution engine and the
problem instance. As outlined in Sectiqn 2.1.1 and 2.1.2, each solutién
engine/problem instance is éharacterized by two groups of .attributes;
‘_namely, the defining .attributes z;nd the operational attributes. At
creation time, the user assigns a value to each of the defining attributes

of an SE or a PI; these values remain invariant throughout the existence

of the SE or the PI. The operational attributes of an SE are the active
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values assigned by the user to the parameters for an experiment, and

/

the values acquired by the variables after the execution of an

oo,

experiment.
The defining attributes of an SE can be s'umm-arized as follows :
(1) SE_NAME which is the name of the SE; —
(2 OWNER whic.h is the na;ne of the owner- or creatoi; of the SE;
(3)' NUM_PAR which is number of parameters; |
G NUM_RPAR which is the number of reflected parameters;
(5) NUM_VAR which is the number of variables; | .
(6) NUM_RVAR which 1s the ﬁpmber of reflected variables;
(7)'. PRECISION which: is the numerical p;ecision;
(8) VAR NAME which is the name of a variable;- -
(9) VAR _TYPE which is the type of a variable;
(10) PAR_NAME which is the name of a parameter;.
§
(11) PAR TYPE which is the type of a parameter;
(12) N_TYPE which is the numeric type of a i)arame;er or a variable;
(13) LENGTH which is the maximum’ length of a vector parameter or a
vector variable;

(14) VIA which stores the name of an identifier through which the

active length of a vector is obtained;
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(15) LEN_CODE which is the active length code;
(16) DEFAULT ;vhich stores a default value of a"parameter; '
(17) LO_BOUND which stores a lower bound of a parameter;
(18) UP_BOUND which stores an upper boﬁnd of 4 parameter;
(19) EXEC_NAME which stores the name of the user-written exec file.
resident in the mainframe which invokes the program code of the SE
and the PL

Note that since the values of variables are acquired through the °
results produced by an experiment, the notion of default value, and
uﬁper and lower bounds does not apply to variables.r

The set of defining attributes of a PI parallels that of an SE. The
attribute SE_ NAME is replaced by PI_NAME which is tha.name of the. PL

In addition, the PI has an extra attribute SE MASTER which stores the

name of the SE to which the PI is bound. Also, EXEC_NAME is not an

attribute of a PIL.

\ .
2.5.2 INTERFACING WITH THE SE/PI

In order to execute an SE with a PI, i.e, in order to carry out an
experiment, specific values must be assigned to the various parameters

" of both the SE and the PI. These values are acquired by NEMS at the PC
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and must be transferred to the mainframe where the code for all SE's
and PI's is assumed to be resident. After execution of an experiment,
the generated results must be transferred back to the appropriate

dBASE II1 storage structures on the PC.

The program codes of the SE and PI can access and create only text
files. Therefore, in order to properly‘interface with these programs, all
the required data for execution is first placed by NEMS into a text file
which is then transferred to the mainframe. After the execution of an 4
experiment, the experimental results are .stored bysthe SE and PI code )
in a text file. Tl;is text file is transferred back to the PC where it is read
by NEMS and the data values are -placed into the abpropriate dBASE III
relations.

To ensure a proper interface between NEMS and the mainframe
environment, all the input and output data relating to an experiment
must be formatted according to a i)respecified convention.  Suppose
NEMS activates an experiment with an SE called SE_NAME and a PI
calle;i PI NAME. The records of the text files used fér transferring data
values must have- the following features :

(a) Each data record contains a sequence of four values. These values,

for example, can be the values of four scalar parameters, or the values
q R .
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of four components of a vector parameter. Orily the last data record is
allowed to have less than four values.
(b) Each value in a data record is placed in a field with a field width of

twenty, and each value must Have a format which is consistent with its

data type.
%

(c) In the case of parameter values transferred to the mainframe, the

sequence of values in the data records corresponds to the sequence with

FN.
which the parameters are defined during the creation activity.

-

Furthc;.rmore, the parameters of the specified SE occur belfore,those of
the specified PI..

(d) For the case of a vector parameter, the value for each of the
components is plaéed in the data records in n&tural, sequenc;a following
the conventions of (a) and (b) égove.

(e)” After an experiment, uthe variable values produced by SE NAME
must be put into a data file called "SE_ NAME OUTPUT", and the variable
values produced by PI NAME must be put into a data file called
"PI NAME OUTPUT". The sequence of values in the data records must
correspond to the sequence with which the variables are defined during

the creation activity.

(f) For the case of a clist variable, two data files must be created by the

cF
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corresponding SE or PI. The first must be called "SE_NAME CLIST" for
the SE case, and "PI_NAME CLIST" for tﬁe- Pl case. The second must_be
called "SE_NAM lNCLiST" fo; the SE case, and "PI_NAME NCLIST" for the
PI case. The latte .file, which contains the number of pointsrin the clis‘t,
is appended as thc'_,_last .record to the correspon.ding output file of the SE

or. Pl

The actual values of the data points «n the clist remain in the
mainframe. iﬁuppose the NEMS internal identifier of SE_NAME is SE<nn>, |
and the value of the SE_SEQ _NUM is <mmmm>; then the file of data
point values (namely SE_NAME CLIST) is 'renamed as "SE<nn><mmmm>
CLIST". Similarly, supp;se the NEMS internal identifier of PI NAME is
Pl<nn>, and the value of the PI_SEQ NUM is <mmmm>; then the fiI; of
data point values (nam'ely PI_NAME CLIST) is ;'enamed by
NEMS-remote (i.e. the NEMS EXEC file) as "Pl<nn><mmmm> CLIST".

It is the user's; responsibility to design the format of the input and
output operations of the SE and PI program codes to conform with these
conventions so that the .data.transfer can take place correctly. '

The file transfer is explicitly initiated by the user and the user

must be aware of some basic aspects of the file transfer procedure. To

simplify the procedure, NEMS puts all the information required for the
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experiment into a single file called "NEMS.TXT". "NEMS.TXT" consists of
three parts. The first part contains CMS commands, the second part
contains the SE parameter active values‘ and the third part contains the
PI parameter active values.
| When the user is signed onto the mainframe, he must explicitly
>
initiate NEMS-remote which is an exec file called NEMS EXEC that is’
resident in the mainframe. This is achieved by issuing the com;nand
"NEMS". NEMS-remote breaks the file "NEMS TXT" into three Separaie
files : "SE EXEC" which contains CMS commands ; "SE_ NAME INPUT"
which contains the SE parameter active values and serves as the input
file to tﬁe program code of SE_NAME; and "PI_NAME INPUT" which
contains the PI parameter active values and serves as the input file to
the program code of PI NAME. NEMS-remote then initiates SE EXEC -
which in turn activates a mainfrarﬁe resid;:nt file which executes the
SE/PI combination. A representation of this activity is given in Figure
2.6. |
At the end of the experiment, NEMS-remote organizes (via its SE
_EXEC component) all the output data produced by the experiment. In
the most general case, SE NAME produces three files called -"SE_NAME

OUTPUT", "SE_NAME CLIST" and "SE_NAME NCLIST"; and PI NAME
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similarly produqes’ three files called "f’I_NAME OUTPUT", "PI_NAME
CLIST" and "PI_NAME NCLIST". As discussed in (e) and (f), the valués of
thé totgl “ngmber of data points of any clists (as contained in SE_NAME
NCLIST and PI_NAME NCLISTI) are ap"peﬁded to the corresponding
output files, and the files which store the actual values__.of the clist data
points are renamedmfby NEMS-remote according to specific conventions.
Then NEMS-remote appends the file-"PI_NAME OUTPUT" to the end of
oo .
the file "SE_NAME OUTPUT", and renames the resulting file as "NEMS
OUTPUT". The user then must initiate another file transfer to transfer
these experimental results back to the PC. NEMS reads the data into

"NEMS.OUT" and places the data values into the appropriate NEMS

" relations.” A representation of this activity is given in~Figure 2.7.
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CHAPTER 3

" IMPLEMENTATION ASPECTS OF THE NEMS MODES

- 3.1 'I:HE CREA'“I‘E MODE

- As ‘péinted out in Section 2.3.1, the user creates the existénce of
SE's and Pifs -in tﬁe create mode. Whenf an-SE or P! is crf;ateduin NEMS,
the values of its defining attributes_are stored in_the SE _Lib or the
PI_Lib relation as aﬁprOpriate. Filgure 2.1 summarizes the basic stép.s of
the create mode. A discussion 'of the create mode is given in the

following sections.

3.1.1 NAMING CONVENTION FOR RELATIONS IN NEMS

The relations in NEMS are maintained as named dBASE III tablés.
-NEMS assigns an ‘internal identifier to each SE or PI that ’imedT—TﬁiE‘—”'
identifier is-in the form of SE<nn> for squtioq engines, and PI%nn>' for
problem insstances, where <nn> represénts a two digit identifier. .
Suppose we‘havé a solution engine whose internal identifier is SE<nn>.
Each of-the -telations associated with this SE is assigned'a name such

that part of its name is SE<nn>. For example, the relation which

maintains the SE parameter specifications is as'signedu‘lhe name PSE<nn>.
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Suppose we have an SE vector parameter whose PAR_CODE is P<ii>. The
relation SE<nn>P<ii> stores the active values for each component of P<ii>,
and the relation SE<nn>I<ii> étores inf:ormation, such as the default -value
and permissible range for each component of P<ii>.

By constructing all the NEMS relations according to this naming
convention, the purpose of any given relation can be easily identified
just by examining its name. Also, when NEMS performs data entry (;r

datﬁ retrieval, the name of the relation required for the éperation can
i)(: obtained easily, and NEMS’can rapidly access the appropriate
relation. In the program codes of the NEMS software, the names of the
various relations are obtaiﬁed by concatenating a simple code, such as a’
single- letter, with the internal identifier of an SE or a PI as appropriate.

Suppose an SE whose internal identifier is SE<nn> has been created

in NEMS, and it has a vector parameter whose PAR CODE 1& P<ii>, a

vector variable whose VAR_CODE is V<jj> and a clist variable whose

VAR_CODE is. V<kk>, To obtain the name of the relation which stores the

specifications of the parameters, the software concatenates the code "P"

with the internal identifier of the SE, and obtains the name "PSE<nn>".

[

To obtain the name of the relation which stores the specifications of the

‘reflected parameters, the software concatenates the code "RP" with the

3
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internal identifier of the SE, and obtains th(.;, name "RPSE<nn>". Similarly,
the various other relations that are associated with SE<nn> are named [in
a convenient and relatively suggestive way. Given lbelow is a list of
these relations and their respective functional purpose (in the interest

of completengs\s, the list includes PSE<nn> and RPSE<nn> which are

described above) :
» _\

\

(zi) PSE<nn> stores the specifications of the parz\lfmeters;

(b) RP$E<nn> stores the specifications of the réﬂected parameters;

(c) VSE<nn> stores the 3pecifications.of the variables;

(d) RVSE<nn> stores the specifications of the reflected variables;

(e) SE.<nn>I<ii> Sto;es the specifications of a vector parameter;

(fy ESE<nn> s_torc'as‘thc activg values assigned to the scalar parameters,
and the values acquired by the scalar variables;

(g) SE<nn>P<ii> stores ti1e lactive values assigned to each component of
the vector parameter whose internal code is P<ii>;

(h). SE<nn§V<jj'> '-stores the values acquired by each component.of the
vector variable whose internﬁl code is V<jj>;

(i)' SE<nn>C<kk> stores the data relating to the clist variable whose

internal code is C<kk>.

An entirely analogous convention is used to name all the relations
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that are associated with a problem instance having an int}jal identifier
of Pl<nn>. A list of thesé is given below :

(a) PPI<nﬁ> stores tﬁe specifi.cations of the parameters;

(b‘) VPI<nn> stores the sinecific‘ations of the variables;

(c) Pl<nn>I<ii> stores the ;pecifications of a vector parameter;_

(d)- EPI<nn> stores the active values assigned to the scalar pa-rarﬁctcrs,
and the values acq.uired_by the scalar vafiables;

(e) Pl<nn>P<«ii> stores the actiye value‘s assi_gled. to each component of
the vector parameter whose internal code is P<ii>;

(f) Pl<nn>V<jj> stores the values acquired by each component of the
vector variable whose internal code is V<jj>;

(g) Pl<nn>C<kk> stores the data relating to the clist variable whose

internal code is C<kk>.

3.1.2  BASIC STRUCTURES ASSOCIATED WITH THE CREATE

MODE
The structure of the relations associated with each SE‘ and with
each PI in NEMS is basically the same. gVariations; arise due to the

different numbers of parémeters and variables (in ESE<nn> and EPI<nn>,

see Sections 2.4.7 and 2.4.16), and the different vector Iengths (in
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SE.<nn>I<ii>, SE<nn>P<ii>, SE<nn>V<jj>, .and_PI<nn>I<ii‘>, Pl<nn>P<ii>,
Pl<nn>V<jj>, see Sections 2.4.4, 2.4.8, 2.4.10, 2.4.14, 2.4.17 and 2.4.19).
Clearly, it would be' desirable to have these new database relaﬁons
created automatically. However,‘dBASE I_II is designed to create
databaseK structures in an interactiveﬁzmode, and thus this creation
process cannot be automa‘lted.

The dBASE III template feg;ures 'pro;ide the means for dealing
with this situation. After the creation of‘a database template, copies of—
it can be reproduced, and dBASE III allows the reproduced copies to
contair; all or a subset of the attributes define;i to the original, but the
name, type. and fi;ald width of each of the attributes of the copy must be
the, same._as', that of the-original. Consequently, to deal with the problem
of automating the creation process,-NEMS ma‘intains. a collection of basic
database structures and these serve as the templates for the creation of
new relations. Each time a new SE or PI is created, NEMS selects the
appropriate’ teml‘Jlates f.or the necessary relations, and uses information
about the number of parameters and variables, and also the maximum
.iengths of all its fectors to make reproductions of the templates. These

reproduced copies are assigned appropriate names according to the

internal coding conventions. The procedure ensures that they contain
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the appropriate number of fields for maintenaﬂce of parameter‘ and
vﬁable information, and the appropriate number of componeﬁts for
each of the wvector parameters/variables.

Given below is a brief summary of these template relations :
(a) St_?ar is used aslthe template fc‘)r’ the relations PSE<nn> and PPl<nn>;
(b) St RPar is used as the template for the relation RPSE<nn>;
(c) St_Vect is used as the template for the relations SE<nn>I<ii> and
Pl<nn>I<ii>;
(d) St_Var is used as the template for the relations VSE<nn>, RVSE<hn>

‘and VPI<nn>; ¢ w
: l
(e) St_VSE is used as the template for the relations SE<nn>P<ii>£ and

SE<nn>V<jj>;
(f) St VPI is used as the templaté for the relations PI<n,n>P<ii>: and
Pl<nn>V<jj>;

(g) St _ESE.is used as the template for the relation ESE<nn>; 5 J
(h) St_EPI is used as ;he template for the relation EPl<nn>;

(i) St _SEC is ﬁsed { the template for the relation SE<nn>C<kk>;

(j) St_PIC is used a¥ the template for the relation Pl<nn>C<kk>.

of
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3.1.3 SPECIFICATIONS OF PARAMETERS AND VARIABLES |
With .each SE and PI created in ‘NEMS, there is normally an
associated set of parameter's. Each of these parameters can be of type
scalar numeric, vector numeric or character string. At creation time,
one of the user requirements is to specify the ngme and the type of
each parameter. The user may also assign a default value to each
parameter (once specifiled, this value remains invarignt)._ If the

parameter is of type vector numeric, the maximum length and relevant

M
M

_information about its aétive length are also obtained from the user. For
an SE whose internal identifier is SE<nn>, all of the above parameter
specifications are stored in a table called PSE<nn>. For a PI whose ’
internal identifier is Pl<nn>, all of the above parameter specifications
are stored in a table called PPI<nn>.

For the case of a vector parameter, a default valut;, may be assigned
to each of the vector components. Suppose an‘ SE, whose internal
identifier is SE<nn>, has a vector parameter whose fAR_CODE is P<ii>, .
then t‘he default value of each of its vector components is stored in a
table .called SE<nn>I<ii>. “Suppose a PI, whose internal identifier is

Pl<nn>, has a vector parameter whose PAR CODE is P<ii>, then the

default value of each of its vector components is stored in a table called .



Pl<nn>I<ii>.

At execution time, if the user does not assign a specific active value

to é paraméter, the!defauﬂ value i_s used as the active -value for
execution.

The user may also assign a perr7issible range to a paramefer or to
a component of a vector parameter when it ha's‘ a numeric type. An
active value assigned by the user at execution time is checked against
this .range, and a violation fi); brought to the user's attention. An
assignéd default value for a parameter must, of necessity, fall within
the range specification.

The specifications for the variables of an SE whose internal

identifier is SE<nn> are stored in a’ table called VSE<«<nn>. The

specifications for the variables of a PI whose internal identifier is

Pl<nn> are stored in a table called VPI<nn>. The various specifications
for a variable of an SE/PI are the same as g&gse of a parameter of an
SE/PI, except that the concepts of a default value and a permissible

range do not apply to a variable.

w®
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3.1.4 SPECIFICATIONS OF SE REFLECTED PARAMETERS AND
VARIABLES

As noted in Section 2.1.1, a solution engine can have associated
with it two special groilpé éf identifiers called "reflected parameters"”
and ‘"reflected variables" respectively. These special groups of
parameters and variables have relevance to thosel situations where
every problem instance associated with tht; solution éngine includes a
common set of parameters and/or variables. The "reflected” concépt

makes 1t possible to specify such a common set of identifiers only once

—

: 3
at the time when the solution engine itself is being created. Every

subsequent definition of a problem instance that is as;ociated with the
solution engine then inherits the reflected parameters and/or variables
that are so defined.  Thus, although such parameters/variables'are
specifie'd at the time of solution engine creation, their existence is
manifested in the context of subsequently defined problem instances.
This, in particular, avoids the need to redefine such.
parameters/variables for 'each new problem instance.

Suppose we have an SE whose internal identifier is SE<nn>. The
_‘ specifications for the set of SE reflet:ted parameters (if‘such exist) are

stored in a table called RPSE<nn> (see Section 2.4.3). The specifications,
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for the set of SE reflected variables are stdred inr a table called
RVSE<nn>. Each of these parameters can be of type scalar nurﬁ\é‘r‘ic,

' * \\-.
vector numeric or character. If the pararﬁeter is of type vector
numeric, the maximum length and relevant information about its aétive
Ieﬁgth are also c;btained during the dialog relating to the solution engine
creation. Note that the user does’ not assign a default value or a
permissible range to reflected parameters. This information is entered
during the creation of each specific problem instance that is associated
with the solution engine.

Similar information is obtained for each SE reflected variable. If
the variaﬁle is of type vector numeric, the maximum. length and
relevant information about its active length are obtained during the
dialog relating to the solution engine creation. If the vatiable is of type
clist, the maximum size snd relevant information abput its’active size
are also obtained during the creation dialog. ‘

To illustrate the inheritance mechanism associated "with the
reﬂect'ed identifier concept, suppose SE<nn> .is a solution enging that has
a set of reflected parameters. Suppose t:urtherr;lore that a problem

instancey which ‘has SE<nn> as its master, is to be. created. During the

creation procedure NEMS automatically moves the reflected parameters
. . . ;

“

.
.\L
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into the PP]\nn> table (see Section 2.4.16) that is linked to the PI; ‘i.c.
the avallable’) specification information for the reflected parameters is
‘entered into the appropriate tuple. positio;ls in PPI<nn>. " The user (i.e. PI
crea?or) is then prompted for specialized values ~such as default aﬁd
range values for each .of the parametérs that has been autorﬁatically
created in this way. NEJ((/[S then provides the opportunity for the entry
of additioﬁal parameter -gpecifications that may be distinctive to .the

specific PI being constructed. The handling of reflected variables takes

place in an analogous way.

3.1.5 PROGRAM STRUCTURE FOR THE CREATE MODE

The program module for the create mode contams two main,
routines, namely, Cr SE and Cr_PI which are used resp‘ectively for the
creation of solution engine and the creation of problem instances. They
are called by the routiﬁe Cr. Figure 3.1 gives a representation of t’hé
program structure which relates to the create mode.

The routine Ci‘_SE-c}l:eates an entry in the relation SE_Lib and
;eétes, as né:ces.sary, ’Ee relations PSE<nn>, RPSE<nn>, VSE<nn>,

RVSE<nn>; ESE<nn> together with their supplementary relations such as

SE<nn>I<ii>, SE<nn>P<ii>,(SE<nn>V<ii>, SE<nn>Ccii>, Six different routines
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Program Structure for the Create Mode,
. e

Cr .
Cr_SE Cr Pl .
Cr_Codel - Cr_Code2
| Cr_SEpar ' Cf_PIpar
Cr_S | | Cr_SPlen Cr S I Cr_PPlen
Cr_Vec;j Cr V Cr_RVect | Cr V
Cr 'VSEP
VS —~ Cr_Vect| Cr V
/-*\ 7 — - i -
' Cr_SRpar | Cr_RPlen Cr—.VPI'P
Cr_SEvar Cr_Plvar
Cr_SVien | [ Cr V3EV Cr_PVien | [ Cr_VPIV
Cr_SSize | [ Cr VSEC Cr_PSize | [ Cr_vpIC |
: , {
Cr_SRvar‘
Cr_RVlen | | Cr_RSize =
Cr_ESEnn |’ Cr_EPInn
Figure 3.1
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(

- are, in turn, called by Cr_SE to carry out its various tasks; these are
- — ’ P

summarized below : -

(a) Cr_Codel : generates the NEMS internal identifier for the SE;

(b) Cr_SEpzir : creates the PSE<nn> table which stores the specifications

for the SE pargmeters. Cr_SEpar, in turn calls the routines Cr_S to

obtain the default value of a scalar parameter, Cr SPlen to obtain the

- : r

specifications for the active length of a vector parameter, Cr_Vect to

create the relation SE<nn>I<iiy (this actually takes place via a call to the
routine Cr V) and obtain the upper and lower bounds, as well as the
default value of each component of a vector par:imeter, and lCr_VSEP to

v

create the relation SE<nn>P<ii> which stores the active values of a vector
parameter.

(c) Cr_SRpar : creates the RPSE<nn> relation which stores thé.
specifications for the SE reflected parameters. Cr_SRpar in turn, calls
the routine Cr<RPlen to obtain specifications for the active length of an
 SE reflected vector parameter.

(d) Cr_SEvar : creates the VSE<nn> relation which stores specifications
for the SE variables. Cr_SEvar, in_ turn calls the routines Cr_SVlen to
obtain the active length specifications for a vector variable, Cr_VSEV to

create the table SE<nn>V<ii> which stores experimental results acquired

p—
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by a vector variable, Cr_SSize to obtain the active size specifications of &

clist variable, and Cr VSEC to create the table SE<nn>C<ii> which stores

information relating to a clist variable after the execution of an

expcrim&}{.

a2

(e) Cr SRvar : creates the RVSE<nn> table which stores the specifications -

for the SE reflected variables. 'LCr_SRvar in turn, calls the routines
Cr_RVlen to obtain specifications for the active length. of an SE reflécted

vector variable, and Cr_RSize to obtain specifications for the active size

ry

of an SE reflec¢ied clist variable.

(f) Cr_ESEnn : creates the ESE<nn> table which stores the active values

of parameters and “the experimental results acquired by scalar

variables.

The routine Cr PI creates an entry in the relation PI_Lib and creates,

as necesséry, the relations PPi<nn>, VPI<nn>, EPl<nn> together with their

supplementary relations such as Pl<nn>I<ii>, Pl<nn>P<ii>, Pl<nn>V<ii>,

Pl<nn>C<ii>. To carry out its various functions, Cr_PI calls four- different

roupines which are summarized below :

(a) Cr_Code2 F generates the NEMS internal_idgntifjelj_ for the PI;

(b) Cr~Plpar : creates the PPl<nn> table which “stores the specifications

for the PI parameters. Cr Plpar, in turn cails the routines Cr_S to

——
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obtain the default values for scalar parameters, Cr_PPlen to obtain the

- specifications for the active length of a vector parameter, Cr_Vect (or

Cr_RVect for the case of a reflected vector parameter) to create the
relation Pl<nn>I<ii> (this actually takes place via a call to the routine
Cr_V) and obtain the upper and lower bounds, as well as the default

value of each component of a vector parameter, ang Cr_VPIP to create

the relation which st#es—the active values of a vector parameter.

(¢) Cr Plvar - creates the VPI<nn> table which stores the specifications

—-——rp

for the PI variables. Cr_Plvar, in turn calls the routines Cr_PVlen to

obtain the active length specifications for a vector variable, Cr VPIV to

LY

create the table PI<nn>V<ii> which stores experimental results acquired

by a vector variable, Cr_PSize to obtain the active size spcggfications for
a clist variable, and Cr_VPIC to create the table Pl<nn>C<ii> which stores

information relating to a clist variable after the execution of an

experiment. }

T 3

(d) Cr_EPInn : creates the E‘PI<nn> tablg which stores the active values
- §

-~

of parameters and the e_xperimentalf results acquired by scalar

variables.
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« 3.2 THE EXECUTE MODE
o B SN | |

In the execute mode, NEMS carries out an experiment and creates an

instance of an experiment object. The basic steps in the execute mode are
. , =
>

given in Figure 2.'2‘. .The following sections discuss some

implementational as execute mode.

3.2.1 AN INSTANCE OF AN EXPERIMENT -OBJECT

‘ A basic action which takes place when an experi‘rqe,nt is to be
executed unde; -_NEMS, is the creation of an instance of ﬁn‘ experiment
object. This instance is stored as a tuple in a relation called EXP Lib (see
Section 2.4.'21)._ This tup‘le contains 6 attributes, namely, XID, SE_CODE,
PI_CODE, EXPT_DATE, SE_SEQ_NUM and PI_SEQ_NUM. The XID value is a
'sequential numeric identifier for the experiment. The SE_CODE and
PI\_CODE are the internal identifiers for thé SE and\EI/shat are to be used
in the experiment. EXPT_DATE is the current date. The SEfSEQ;NUM 1; a
sequential usage number ‘for the SE in question.  Similarly, the
PI SEQ NUM is a sequential usagg number for the PI in question.
Suppose__the internal identifier of the SE used in an experiment is_
. _

SE<nn>, and that of the PI is Pl<nn>. The execution of an experiment also

results in the creation of a tuple in"the ESE<nn> relation as described in
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Sectif?; 2.4.7. This thble has an/at_trib.ute‘SE_S-E'Q'_NUM (its key) gnd thé
value étoréd‘is the'same as that stored in EXP__Lib.. Similarly, the PI_CODE
attribute of this table is assigned the same value that was stored in
EXP_Lib. In the event that‘ the SE has vector parameters or vector
va.riables or a clist variable, then fhe SE_SEQ NUM value is also ‘stored in

the appropriate location of the supplementary relations SE<nn>P<ii>,

SE<nn>V«ii> and SE<nn>Ccii>,
o \

In a similar way, the execution of an experiment also results in the’

- &

creation of a tuple in the relation EPI<nn> which is uniquely identified by

the PI_SEQ_NUM value stored in EXP_Lib. The SE_CODE value used in

EXP_Lib is also stored in EPI<nn>. The treatment of vector parameters,

vector variables and a clist is analogous -to that described above.

———

The assignments described above can be viewed as an initialization

procedure for the experiment. Before the experiment can actually be

Fd .
".r’-

carried out, active values for ‘the relevant parameters must be

A}

established. This is outlined below.

——

. !
3.2.2_ ASSIGNMENT OF ACTIVE VALUES TO PARAMETERS
The initiation of an experiment requires that the user first identify

the SE and the PI to be used _in the experiment ‘and the internal
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identifiers for the SE and PI are then both stored in the- table EXP_Lib.

Then active values rpust__gg assigned to each of the SE and PI quamete'rs.

Suppose the internal identifiers for the SE and the PI are SE<nn> and

Pl<nn> respectively. Using information from the PSE<nn> and PPl<nn>
| #ables, NEMS displays the name, the tyi:c and the dcfault.value of each of

the parameters. The user is then expected to enter the active values for

- »

each of the parameters to be used in the experiment.—Each value assigned
by the user is checked for consistency with the prescribed type and range

values. The assigned values are stored in the ESE<nn> and EPI<nn> tables

as appropriate. If the user does not assign a value to a parameter, the

default value is assigned as the active value for the parameter.

-

After acquiring an active value for each -of the scalar parameters,
NEMS proceeds to obtain active values for the components of each vector

parameter. However, before doing so, the active length of the vector

e

H}

parameter in question must first be established.  Recall that various

options for the establishment of active length are possible and at creation

time a sp'ecif_ic option is associated with each vector parameter. This

option is invoked in the execute mode and imay or may not give rise to

the need for explicit user input.

If the active length of an SE vector parameter has been specified as-
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"fixed"”, then the active_ length is simply the mai}imum ‘length of the
| I, ] . .

1

vector. | If the active length is specified as "user-assignable at execution
tirpg", then lthe user will be prompted to explicitly provide the_ act'ivé
length of the vector parameter. If the ac;tivc length is specified as “via‘
the wvalue of a-s‘c‘:alar p.aramete‘r of the SE", then NEMS determines the‘
identifier stated in the corresponding VIA attribute in the relation
PSE<nn>, NEMS then assigns the value of this SE scalar parameter as the
gc(;i\)e length of the'\'/e_ctor parameter in question (notice tﬁat this

N , ) :
identifier %)pears in the VIA attribute will already' have been assigned a
value at this point). If the active length is specified as "via the active

» Rt
—.-length of another SE vector parameter’, then NEMS again determines the

identifier stated in the corresponding VIA attribute in the relation’

assign the active length of the vector parameter in question to be the
same as the active length of XYZ (notice that the active length of XYZ will
alread;rhave been established at this point because of sequencing checks

N -
that are carried out in the create stage). \

. L
g

The active length of an SE vector parameter can.also be specified Hs
\- "via the value of a scalar parameter of the PI", or "via the active length of

a vector parameter of the PI", or "via the active length of a vector

-
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variable of the PI". This cross referencing mechanism is discussed in

Section 3.2.4.

)
-

Lg

After establishing tﬁe active length of a"vecta‘ parameter, NEMS
.,.-prompts,'the user for a value fohr each of its active coimponents. NEMS
begins by displaying the naméf“ the type, the maximum size ar;d the
act'iv‘e'size-of the vector parameter. The component number for each
active.‘ component is then displayed together with the associated default
value. If the user does not assign a specific value to an -'actiAve componeﬁt,
then the default value is a_ssigned..
Thé active length of the Qector parameter and the values of its
(acti\}e) corﬁ'ponénts are_s.tored in the reiation SE<nn>P<ii>, where P<ii> is

R o

the PAR_CODE of the vectos parameter in' question. The name of this
table is stored in the attribute P<ii> of the ESE<nn> table.

The steps involved in handling vector parameters of a PI are

analogous to those outlined above for an SE! .

3.2.3 ACQUISITION OF INFORMATION ABOUT VARIABLES
As outlined jn Sections 2.1.1 and 2.1.2, the variables of an SE and a
. PI serve to capture experimental results. Before initiating an .expe-riment,

the user may be required to provide information about some of the

— -

“*
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vector - variables \ﬁnd/of clist variables of the SE/PI. This depends on't.he
option that has. been specified for the establishment of the active length
of the vectoJari_ables and the active size‘of the clist variables at creation
time. This infprn{ation is stored in the LEN;CODE and VIA ‘attributes of
VSE<nn$ and VPI<nn>. » . "

If the active leng_th of an SE vector variable is spgcified as "fixed", or
"user-assignable, at. execution time", or "via the value of a scalaf
parameter of the SE", or "via the active length of anothe;r vector

parameter of the SE", thén the active length of this vector vgriable is

obtained in the same way as the active length of an SE vector parafneter

as described in Section 3.2.2.

‘The case where the active length is specified as "via the active length

4

of another vector vz;riable of the SE" is handled in an analogous‘ way to
the case where the active length of an SE vector parameter is specified to
be "via the _active“ length of another vector parameter of the SE".

NEMS must also establish the active size of z; clist variable at
execution time. If the active size of an SE clist variable is specified as
"fixed", then the active size is simply the maximurm size of the clist. If the

active size is specified as "user-assignable at execution time", then the

user will be prompted for an input which gives the active size of the clist
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variable. If the active size is specified as "via the value of a scalar

. parameter of the SE", then NEMS determines the identifier stated in the

- corresponding VIA attribute of the clist variable and then éssigns -the

value of this SE sc_:alar parameter to be the active size of the clist variable
in question (nofice that t‘he"iaentifier which appears .in the VIA attribute
will have already been assigned a value at this point).

The active length of an SE vector variable ;:an also be specif}ed as

"via the value of a scalar parameter of the PI", or "via the active length of.

. -

a vector parameter of the PI", or "via the active length of a vector
. . L

variable of the PI'. Furthermore, the active size of an SE clist variable_
N

can be specified as "via the value of a scalar parameter of the PI".  Such

-

_interdependence between an "SE and a PI is discussed further in Section

3.2.4.

- The handling of PI vector and clist variables is analogous to that

ry

outlined above for an SE.

>

)
}

3.2.4 CROSS REFERENCE BETWEEN THE SE AND PI

The need for cross referencing can occur under several

circumstances. These are when the active length of an SE vector depends

-

on the value of a PI scalar parameter, or the active length of a PI vector
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parameter, or the active length of a PI vector variable. Or al'ternately, it
_can occur whep the active size of an SE clist variable depends on the
valus: of a PI scalar parameter, or the acti\;e size of a PI clist variable.
Similarly, when the active lc::ngth of a PI vector or the active size of a PI

. \
clist depends on some values from the SE, then there again is a need for

cross referencing.
i

It should be stressed that cross referencing is per;11itted in NEi\dS in
only one direction; ie. if 2 leng'th/size. value in an SE depends on the PI, |
hen it is forbidden to simultaneously have a lengtﬁlsize value in the PI
depending on the SE. Corresfjondingly, when an experiment is being
initiated in‘the execute mode, NEMS tz-ikes into atcount cross referencing

-

requirements to establish whether, SE active values should be obtained

t . —

from the user be‘fé)-re Pl active values, or vice versa.

Suppose that the active length of an SE vector depends on the PL
This i‘mplies that some PI identifier appedfs in the VIA attribute of the SE
vector. NEMS détermines this identifier among the PI parameters and
variables, i.e. in the PPI<nn> and VPI<nn> tables. Suppose this identifier is
called XYZ. If XYZ is a PI scalar parameter; then NEMS assigns the value ~
of XYZ to be the active length of the SE vector in question. "f‘his value is

obtained from the EPI<nn> table. If, on the other hand, XYZ is a PI vector
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parameter or variable, then NEMS assigns the active length of the vector

parameter in question to be the same as the active length of XYZ. This
information is obtained either from Pl<nn>P<ii> (if XYZ is a vector

parameter), or from Pl<nn>V<ii> (if XYZ is a vector variable).

Similariy, if the active size of an SE clist cross references a PI value,

then NEMS searches among the PI parameters and variables for the PI

identifier stated in the corresponding VIA attribute of the clist. Suppose- ‘

this identifier is called XYZ. If XYZ is a PI scalar parameter, then NEMS
assigns the value of XYZ to be the active size of the SE clist in question.
However, if. XYZ is a PI clist variable, then NEMS assigns the active size of

the clist in question to be the same as the active size of XYZ.

3.2.5 PROGRAM STRU(IZTUI.IE FOR THE EXECUTE MODE

The programs in the execute module are invoked during the
execution of an experiment. A representation of the. program structure of
the execute module is given in Figure 3.2. The various programs which
comprise this moduilf;;\ are outlined below.
(a) Ex : carries ‘out the executioil; of an experiment. It calls the routines
whiéh are listed in (b), (c), (d), (e) and (f) below.

]

(b) Ex_1 : obtains the active values for SE and Pl parameters, and the

o A
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Ex
Ex 1 '
Ex Menul
Ex_Ins Ex_CodeE| Ex CodeP | Ex_CodeS
(Ex SE-{ Ex_Menu2 Ex_Menu3[ Ex_Xlenl
= y
Ex_Menu4 [Ex_Xlenl Ex_MenuS | Ex Clenl
. "}‘ B
Ex_HI Ex Menu6 | Ex_Menu7| Ex_Xlen2
. x_Menud [Ex_Xlen2 IEx' Menu% | Ex_Clen2
Ex_Send Ex Sendl Ex_Send2
Ex_Exec
Ex_ Trans
Ex 2 | Ex_Get
Figure 3.2

Program Structure for the Execute Mode.
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acti'\;e' length/size of SE and PI variables. Ex_1 in turn, calls four routines,

namelx, Ex_Menul, Ex_ins, Ex_SE and Ex_PI. Ex_Menul prompts the user
for the ‘names of the SE and PI to be used in the ex‘eriment. Ex Ins
generates the appropriate XID, SE_seq_num and PI_seq_num for thef
experiment, and inserts this information in the relations EXP Lib, ESE<nns,
SE<nn>P<ii>, SE<nn>V<ii>, SEénn>C<ii>, EPI<nn>, Pl<nn>P«ii>, Pl<nn>V<ii> and |
PI<nh>C<ii> as appropriate. .I'::x_SE calls the routines Ex_Menu2 to obtain
the active values of SE scalar parameters, Ex_Menu3 to obtain the :active
values for the Components of each SE vector parameter, Ex Menud to
obtain the active length of each SE vector variable, and Ex_Menu5 to
obtain the active size of an SE clist variable. Note that if the active length
of an SE vector depends on a value in the PI, then Ex_Menu3 and
Ex_Menu4 each calls the routine Ex Xlenl which searches the PPI<nn>'
and \;/PI<nrl1;- relations for the nec’essary active length information.
Similarly, if the active size of an SE clist depends on a value in“$he PI,
then Ex_Menu5 calls the routine Ex_C}t_?nl w};ich searches the PPI<nn> and
VPl<nn> relations for the necessary active length information. In a
similar way, Ex PI calls the routines\\gx_Menuﬁ to obtain the active

values of PI scalar parameters, Ex_Menu7 to obtain the active values for

the components of each PI vector parameter, Ex Menu8 to obtain the
Y



99

active length of a PI vector variable, and ‘Ex:Menu9 to obtain the ac;ivc
size of a PI é'list variable. Note  that if the active length of a PI vector
depends on a v-alue in an SE, then Ex_Menu7 and Ex_Menu8 each calls the
routine Ex_Xlen2 to obtain the necessary active length information. Aiso,
if the active size of a PI clist depends on a value in an SE, thfen Ex_Menu9
calls the routine Ex_Clen2 to obtai.n the active size information.
éc) \Ex_Send ‘: organizes the active parameter values of the SE and PI as
records in a file. This is achieved by calls to Ex_Sendl and Ex_Send2
--which have the “task of formatting the SE parameter values and PI

3
parameter values respectively.

;\-u
(d) Ex_Exec : creates the file NEMS.TXT which is processed in the
mainframe. This file consists of three parts; namely, CMS commands, the
active values of the SE parg[ﬁ’et@grand the active values of the PI
parameters.

‘(e) Ex_Trans : assists the user -in performing the file transfer;
(f) Ex_2 : places the experimental results into the appropriate tuples in

\ the. relatidhs ESE<nn>, SE<nn>V<ii>, SE<nn>C<ii>, EPl<nn>, Pl<nn>V<ii> and

Pl<nn>C<ii> as appropriate. Ex_2 calls the routiﬂne Ex_Get which extracts

values from the output file NEMS.OUT that is created at the mainframe,

and transferred to the PC.
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3.3 THE QUERY MODE

As outlined in Section 2.3.3, it is in the query mode that a user is

database. The basic steps of the query mode are given in Figure 2.3,

Some implementational aspects of the Quefy mode are described in the

following sections.

3.3.1 DESCRIPTION OF THE QUERY SUBSYSTEM

Large amounts of data will typically be accumulated in the NEMS
database. Since the NEMS system is built upon dBASE III, the user

naturally has the option of accessing the data tables directly through the .

retrieval facilities provided by this underlying system. However, this

route will generally not be attractive for most users because it requires

that the user be very familiar with not only the internal structure of the
data tables, but also the dBASE III retrieval system.

. As an alternative, NEMS includes a menu driven query subsystem
which provides a simplified means for browsing through the NEMS
database. This -;ery subsystem provides three basic menus for the user,

namely, the SHOW/DESIGNATE menu, the REFINE menu and the DISPLAY

menu, The structure of this query subsystem is shown in Figure 3.3. The
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2 3
/-
: &
|  SHOW SE'S —»|  SPECIALIZE [+ —{ -DISPLAY PI'S |-
—»{ SHOW SE D.ATTR —> RESTORE. M DISPLAY PISE M
—»|  SHOW P/SE B MASK — | P DISPLAY P/PI |-
—p  SHOW V/SE — UNMASK —» DISPLAY V/SE [
—» DISPLAY V/PI |-
: || D '
SHOW PI'S

—_— s . -

SHOW P/PI

—» .

| —> BT
—» SHOW PI D.ATTR ,

—» : ’

—>

SHOW V/PI

—» DESIGNATE SE

4 DESIGNATE PI
— = ,

Eigu[; 3.3

Structure of the Query Subsystem.'
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following sections provide some details about the activities related to

these menus.

33.1.1 THE SHOW/DESIGNATE MENU
The SHOW/DESIG(]\IATE menu provides the means for the user either
to obtain information relating to the specifications of an SE or a Pl, or to
indicate, i.e. "desi.gnate",‘an SE and/or a PI which are of particular.interest
to him. The user has the following choices within the SHOW/bESIGNATE
menu .
(a) list the names of all the SE's within the system;
(b} view the defining attributes of some specific SE;
(c) view.the parameter specifications of some specific SE;
' (d) view the variable specifications of some specific SE;
' a
- (e) list the names of all the PI's within the system;
(£ yiew the defining attributes of some specific PI;
(g) view the parameter specifications of some specific PI;
(h) view the variable specifications of some specific PI;
(i) “designate a particular SE for further investigation;

(j) designate a particular PI for further investigation.

The SHOW/DESIGNATE menu (and in fact all three menus) provides a
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disﬁlay of the currently designated SE and/or PI. If no SE dnd/or PI has
been designated, then the displays -show "*NONE*". This, in particular,
occurs when the™ query subsystem is first entered. -

-

| When t£1e user designates a PI, an SE is also implicitly designated.
This i‘s~because each PI in the system is bound to an "SE_master”. If an SE
has already been designated, then NEMS checks whether this SE is the
SE_master of the PI. If the PI is not bound to this SE, then NEM.S provides
tl}e user with the option of chlic_elling the designation of the PI, or of
retaining the PI which then overwrites the currently designated SE with
this PI's SE_master.

Similarly, if a PI has already been designated when the user
designates an SE, NEMS checks whether this SE is the SE_master of the
currently designated PI. If it is not the SE_master of the PI, then NEMS
gives the use.r the option of cancelling the desrignation-of the SE, or of
retainin;g the SE. In this latter case, previously'designated PI is "resét"_;
i.e. NEMS proceeds as though there was no designated PIL.

When the user designates a PI and an SE, this means that the user is
only interested in tﬁe experiments carried out with this speéiﬁc SE and PI
combination. Thereafter, NEMS only needs to manage the set of

——

experiments carried out with this SE/PI cgi‘rrjlbination. Similarly, when the

-
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user designates an SEV without designating a PI, the  set of expel;iments
that NEMS qeeds to manage is restricted to those carried out_‘with this SE.

A convenient means used by NEMS to manage the experiments is to
place those experiments that are of particular interest to the user in a set
calleg the "active set”. The active set, at any stage of the query activity,
contains some subset of the tuples that are stored in the relation EXP_Lib’.
We refer to the total number of exper'iments, i.e. tuples, in qthis active set
as NAS (Number in Active Set) and the value of NAS is displayed on each
menu., When the user. first enters the query subsystem, there.is no
designated SE or PI, and the NAS vaiue t.hat is displayed is the total
number of experiments that are stoirci:d in the relation EXP_Lib.

After designating a specific SE, the active set is contracted to include
only those experir;lents where this specific SE is used. Furthermore, if a ™
PI is also designated, then the active set is ﬁlrther contracted to include
only those experiments where the designated SE is used in conjunction
with the designated PI.

Anotheﬁ;\ meanrs for contracting the active set is through "refinement".
This refinement process is discussed in the following section.

Note that at any stage in the query process, the user ca}n‘ choose the

-y

CLEAR option to reset the -designated SE and PI. When the designated SE
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and PI are reset, the active set is automatically reset to include. all

experiments stored in EXP_Lib.

=

Y -

3.3.1.2 THE REFINE MENU

Once an SE or a PI has been designated, the user has the option of
moving to the REFINE menu. The REFINE menu provides a means for
restricting the set of experiments that the user regards as having current

~~
relevance, \Two refinement categories are available, namely,

specialization and maskidg.
‘
The specialization action can be applied to both pa ters and

variables. The action involved here is that of specifying either a specific

value or a range of values for any specific parameter or variable. The

L] ) . .

effect is to constrain the active set so that it references only those
‘experiments where the specialized values occur,

When the user chooses the specialize option in the REFINE menu,

_another T}nu comes up. This secondary menu provides the user with

the means to identify any set of parameters or variables within either a

‘ )
designated SE or a designated-PI and then to assign to each, a specific

value or range of values. After this specification, NEMS examines each of

the experiments currently in the active set, and deletes those that do not

W
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satisfy these prescribed specifications. In other words, the active set is
contracted to contain references only to those experiments where the
-specialized values occur.

A second alternative- in the REFINE menu is the mask option.
Frequently, during the query activity, there is no interest in actually

viewing the values of all the parameters or variables that are recorded

L]

for the experiments. Consequently, a means is provided to mask an

@
arbitrary number of these parameters and variables so that during

subsequent displays, their values are not presented. The user is thus

able to focus his attention on those parameters and variables that are of

speéial interest. Note that the masking opération does not affect the
2k

active set in any way.

»~

The selection of the masking operation results in the display of a

* : ¢
secondary menu. This menu provides the means to mask any specific

parameters or variables in any designated SE or PI. NEMS then marks

-

these identifiers as "masked” and any information related to them is not
shown in any subsequent display.

Note that both the specialization and masking operations may be
"undone”. In the REFINE menu, the user is provided with options either

to retract previously specified value/range specifications (the restore

1
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option), or to unmask all the maskec; parameters or variables (the
unmask- 0ption). When the user chooses the restore option, NEMS
restores to the active setl the references to those experiments that NEMS
removed. during the sﬁeqialfzation process.

‘When the unmask option is chosen, an unmask operation menu
comes up. The user is prompted for the type of identifiers that he wishes
to unmask. The user can unmask. identifiers by type only, i.e. all SE

parameters, all SE variables, all PI parameters, or all PI variables. NEMS

. does not provide the facility to unmask individual identifiers.

3.3.1.3 THE DISPLAY MENU

The DISPLAY ménu is accessible to the user after the designation of
either an ‘SE or a PII. Recall however that the designation of 'a PI
implicitly designates an SE; namely, the SE_master of the PI. Hence, an SE
will always be designated when in the DISPLAY ;11enu. In the DISPLAY
menu, the user can browse through the experimental results that are
stored in the NEMS database. The data that can be referenced
corresponds to the activé set together with the influence of masking

. operations that may be in effect.

WEthin the DISPLAY menu, the user has the following options :
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(a) list all the PI's that have been used with t'he currently
designated SE; T

(b) display the active values éssigned to the unmasked SE
parameters, for each of the experiments in th; .activé set (these
will correspond to the experiments carried out with. -tI;e' currently
designated SE and the currently designated PI iif any),
appropriately modified-By\the user's refinement specifications);

(c) display the active values assigned to the unmasked PI
parameters, for each of the experiments in the active set;

(d) display the‘.valqes acquired by the ‘unmasked SE variables, for
each of the experiments in thg active set;

(e) ~display the .vdlues acquired by the unmasked Pl wvariables, for

each of the experiments in the active set.

Even with the restricting facility provided by the "refine" option,

there may still be a large number of experiments referenced in the active

set. Some additional flexibility in browsing through these is provided by

allowing the user to skip over an arbitrary number of these experiments.

After displaying each. experiment, NEMS displays the total number of

experiments which is yet to be displayed, and prompts the user for the

number of experiments that he .wishes to skip. Since the experiments are

‘. - -
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displayed in a chronological order, this feature can, for example, allow the

user to display the most recent experiment by simply skipping to the last

experiment.

4

‘25.3;2' PROGRAM STRUCTURE FOR THE QUERY MODE

~ As indicated previously, there are threg main menus provided in the
query subsyster}i, namely, the SHOW/DESIGNATE menu, the REFINE menu
and the DISPLAY menu. The menu flow of this‘subsystem is controlled
by a ro?(ine called Q_Main which in turn, cal,l; three different routines.
for .lthis purpose. In addition, Q_Main can call a routine that resets the
query subsystem. - A representation of the program structure of the
quéry subsystem is given in Figure 3.4, and a description of the programs
is given below :
(a) Q_Main : controls the menu flow of the query subsystem. It calls_the_
routines listed in (b), (c), (d) and (e);L
(b) Q_Clear : reskts the query subsystem. _
(c) Q_M;enul : controls the SHOW/DESIGNATE menu. 'Q_Menul calls the
routine Q SD which performs the show/designate operafigns. Q_SD in

€

turn calls two routines Q_SE and Q PI. Q_SD calls Q_SE if the user wishes

either to view the specifications relating to an SE, or to designate an SE,
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Clear
D —
Q_Menul
Q. SD
QSE Q:SE;L QSE=DA Q__SE=P pe
QSERP |QSEV | QSERV
(L_DES=SE
| L rgEiT 1o oA QPLP
, QPILRP |QPILV | QPLRV
Q_DES PI E '
'Q_Menu2 ¥ 7
Q Spec Q Res Q.Mask | Q_Unmask

Q_Menu3

: QDPI| QDPSE | QD PPl | QD _VSE | Q D_VPI

Figure 3.4 . "o

—— Program Structure for the Quéry Mode.
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Q_SE calls the r_oﬁtines Q_Des_SE to perform the d‘cs.ignation,.Q_SE_L to list
all the SE's in NEMS, Q_SE_DA to display the defining attributes of the SE,
Q_SE_P to display SE parameter specifications, Q_SE _RP to diSplay SE

reflected parameter ' specifications, Q_SE_V to display SE variable

.7 :
« specifications, and Q_SE_RYV to display SE reflected variable specifications.

Similarly, Q SD calls 'Q_‘PII if the user wishes to- view the specifications

relating to a PI, or designate a PI. Q_PI calls the routines Q_Des_PI to
perform the designatior-l,'_ Q_PI_L to list -all the PI's in UNEMS, Q_PI_DA to
display the defining“ attributes of the Pi, Q_PI;P to display PI parameter
specifications, Q_PI_RP to display reflected _parameter specificatipns,
Q_PI_V to displaj PI variable specifications, and Q_PI RV to display

reflected variable specifications.

(d) Q_Menu2 : controls the REFINE menu. Q_Menu2 calls the routines

—

Q _Spec, Q_Res, Q Mask, Q Unmask to perform thel various refinement
operations; namely, special‘ization, restoring from specialization, masking
parameters and variables, and unmasking parameters and variables.

(e) Q_Menu3 — controls the DISPLAY menu (recall that during the
DISPLAY activity, the parameter and variable values which are displayed
relate only to those. experiments that are in the current active set).

\
Q_Menu3 calls the routines Q_D_PI to list all the PI's that are bound to
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the currently designated SE, Q_D_PSE to display the ﬁctive parameter

values of the currently designated Sé for each experiment in tl:e active set,

Q_D_PPI to display the active parameter values of the currént_ly designated

PI for all the _@_x_pel;i‘ments in the active set, Q D_VSE to display the variable

values of the c'urréntly designated SE for each experiment in the active set,
- N

and Q D_VPI to display the variable values of the currently designated PI

for each experiment in the active set.

34 THE DELETE MODE

As outlined -in Sebtion ‘2\.'3.4, the user can delete an SE or a PI from the
NEMS' database in the delete mode. When an SE or a PI is deleted, z}ll
information ;elating to it is also deleted. In the case of the deletion of an
SE, this in particular, implies that each PI having the SE as-its master will

also be deleted. A representation of the delete mode is given Figure 2.4

and some implementational aspects are presénted in the following sections, .

3.4.1 DELETION OF AN SE
Suppose the user wishes to delete an SE whose name is SE NAME and
suppose furthermore that the NEMS internal identifier for SE_NAME is

SE<nn>. The deletion of SE_ NAME involves the following steps :

o ‘
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(a) Delete from the relation SE_Lib that tuple whose SE CODE attribute

————,

.

value is SE<nn>.

(b) Delete from the relation EXP_Lib each tuple whose SE _CODE attribute

| value 1s SE<nn>. .. - g

(c) Delete the relations PSE<nn>, RPSE<nn>-, ‘VSE<nn?) RVSE<rln>, ESE<nn>,

SE<nn>I<«ii>, SE<nn>P<ii>, SE<nn>V<ii> and SE<nn>C«ii>, as appropriate.

(d) For each PI having SE NAME as its master,
(i) delete from the relation PI_Lib the tuple whose PI_CODE attribute
value is Pl<nn>, where Pl<nn> is 'tHE internal NEMS "identifier for ‘the PI.
(ii) delete the -relations PPI<nn>, VPI<nn>, EPI<nn>, Pl<nns>l<ii>,

Pl<ni>P<ii>, Pl<nn>V<ii> and Pl<nn>C<ii> as appropriate.

3.4.2 DELETION OF A PI

Suppose the user wishes to delete a PI whose name is PI NAME, and
suppose furthermore that the NEMS internal identifier for PI_NAME is
Pl<nn> and that the NEMS internal identifier for the SE_master for
PI_NAME. is SE<nn>. The deletion of PI. NAME involves the following steps :
(a) Delete from th&: relation PI_Lib the tuple whose PI_CODE attribute
value is Pl<nn>.

(b) Delete the relations PPI<nn>, VPI<nn>, EPl<nn>, PInn>I<ii>, Pl<nn>P<ii>,
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Pl<nn>V<ii> and Pl<nn>C<ii>, as appropriate.

" (c) Delete each tuple from the relation EXP_Lib which has a PI_CODE
attribute value of Pl<nn>. o s

(d) Corresponding to each tuple deleted in (c), delete from each of the

relations ESE<nn>, SE<nn>P<ii>, SE<nn>V<ii> and SE<nn>C<ii>-the tuple whose

SE_SEQ_NUM attribute value matches that of the tuple deleted in (c).

3.4.3 PROGRAM STRUCTURE FOR THE DELETE MODE
Figure 3.5 gives a representation of the structure: of the program

module that reiates to delete mode. The various programs that comprise
this module are outlined beiov& :
(a) Del : carries out the deletion of an SE or a PL. It calls the routinesd
which are listed in (b) and (c). L

—-(b) Del SE : carries out the deletion of an SE whose NEMS ‘internal
identifier is SE<nn>. Del SE in turn, calls the routines Del SLR which carries
out three tasks; namely, (i) deletes from the relation SE Lib the tuple
which stores the defining attributes of SE<nn>, (ii) deletes from the relation
EXP_Lib all the experiments which used SE<nn>, and (iii) deletes the

relations PSE<nn>, RPSE<nn>, VSE<nn>, RVSE<nn>, ESE<nn>, SE<nn>l«ii>,

SE<«<nn>P<ii>, SE<nn>V<ii> and SE<nn>C«ii> as appropriate. Del SE also calls the
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Del
-k
- :
Del SE -~ Del_PI
[
!
Del SLR ] Del PLR
1
De!_SPI L Del PSE
Del_SP Del_PS

-, j

Figure 3.5

Program Structure for the Delete Mode. ,
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routine Del_SPI,vwl'l]ich in turn calls the routine Del SP which pgrforms the
. —

deletion of each *PI having SE<nn> as its master. This involves the deletion
of the PI from the relation PI“‘Jib and the deletion of all ‘relations
associated with the PI; i.e. PPI<nn>, VPI<nn>, EPl<nn>, Pl<nn>I<ii>, deletion of
each PI having SE<nn> as its master. This‘ involves the deletion of the PI
from the relation PI_Lib and the deletion of all relations Pl<nn>P<ii>,
 Pl<nn>V<ii> and Pl<nn>C<ii> as appropriate.

(c) Del_PI : carries out the deletion of a PI whose NEMS internal identifier
_is Pl<nn> and whose SE_ma‘ster is SE<nn>. Del PI in turn, calls the routines
Del_PLR which deletes from the relation PI_.Lib, the tuple which stores the
defining attributes of PI;nn>, and also deletes the relations PPl<nn>,
VPI<nn>, EPI<nn>, Pl<nn>lI<ii>, Pl<nn>P<ii>, Pl<nn>V<«ii> and Pl<nn>C<ii> as
appropriate. Del PI also calls the routine Del PSE which deletes from the
relation EXP;Lib, all experiments which used Pl<nn>. In addition, Del PSE
also calls the routine Del PS which deletes from the relations ESE<nn>,
SE<nn>P<ii>, SE<nn>-V<ii> and SE<nn>Ccii> the tuples that resulted from

experiments which used Pl<nn>.
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CHAPTER 4
AN EXAMPLE (‘v

& —

4.1 INTRODUCTION

+

In this chapter we illustrate the use and the capabilities of NEMS by
considering a representative \solﬁtion engine and a related pl-'oblem'
instance. Following a brief description of the specific"soiution engine
being considered, the procedure for incorporating this SE within NEMS is
outlined, ‘and“the steps involved in utilizing this SE are summarized.

Using some “representative data, the NEMS query mode is also illustrated.
A

42 A REPRESENTATIVE SOLUTION ENGINE {

As the focal point for demonstrating NEMS, we have chosen the
DIFPAK package [5]. DIFPAK is an integrated collectibn of FORTRAN
subprograms which has been designed to generate the numerical solution
of a system of first order ordinary differential equations; i.e. a system of

equations of the form

O =f(t,x®) *)

where x (the state vector) is-.a vector of length n. In the basic mode, it
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provides an easy-to-use and effective means for obtaining the numerical
solution of (*) over a prescribed interval, from a specified initial
. . i

condition, x(t0); i.e. the classical initial value problem. However, a highly

modular approach has been used in developing the package in order to ‘
make it rapidly adaptable to a variety of different problem
environments.  Included here are tv&o-ppint bc;undary value ' problems
and optimization problems in which optimal values are desired for
parameters that are imbedded .witﬁhin the function f on the right-hand -
side of ().

The modularity prSvide‘d in DIFPAK has also been formulated from

the point of view of facilitating its use in investigating novel schemes for

handling "difficult” problems; e.g. stiff equations and systems< with severe
discontinuities. Stfategies involving the use of variable order integration
methods can also be easily accommodated. The package can, therefore,
serve as a research tool and has, in fact, been used as a key modulev in the
studies described in [6,7,8,9].

_Twelve numerical integration methods are curr;ntly provided in
DIFPAK and these include members of both the Runge-Kutta family am;l

the predictor-corrector family. These methods are all fundamentally of
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the variable step-size type, but each may, if desired, _be invoked in a
»

fixed step-size mode. _The specification of the particular method to be

used in_any particular application, is controlled by the DIFPAK parameter

called, METHOD. DIFPAK consists of approximately .2000 lines of

FORTRAN code and is supported at the University of Ottawa by a VM/CMS

.

R

EXEC procedure which facilitates its use on the University's AMDAHL

‘mainframe.  All arithmetic operations are carried out in the double

precision mode.

- -

The principal output produced by DIFPAK is the("solution to (M
represented as a ’sequence of "points" along the t-axis; i.e., along the ax}s
 of the problem independent variable. Each §uch "'point" is, in fat;t, a
collection of.,(n+1).data values represented by the value of t and fhe

therefore corresponds'to' our notion of a cluster-list.

h DIEPAK contains a relatively large number of parameters and an
attempt to accommodate all of them in the present context would obscure
the intended illustration of NEMS. A slightly specialized version of

DIFPAK has, therefore, been formulated for which many of the DIFPAK

parameters are hidden from the user and assigned default values. The
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parameters that have been retained are as foliows :

(a) METHOD:

(b) VERIFY :

(c) ABSERR :

(d) RELERR :

- —

As indicated previously, this scalar parameter serves to
specify the desired solution method. An integer coding
scheme is used; i.e, METHOD is an integer parameter.
DIFPAK is frequently used to test the effectiveness of a
newly proposed solution ‘method. In such circumstances it
is _useful to'-obtain a comparison between the squtionj
generated by the candidate method and a "true" solution.
This true solution maly be either from an explicit
analytical formula or from a highly accurate numerical
procedure. The VERIFY parameter serves as a toggle
switch to turn this comparison feature "on" (VERIFY = 1)
or _"ofF' \SVERIFY = 0). VERIFY is an intege; parameter.

The step-size adjustment procedure in DIFPAK seeks to'

maintain an estimated local truncation error that is no

worse than a user provided specification. ABSERR is one

of two parameters which control this latter specification.
L4

ABSERR has a double precision value.

This- parameter is the second one that is involved in the

’E
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user specification indicated in (c) above. RELERR has a
double precision value.

(e) HSTRT : The integration step-size “procedure requires an in_itial
value for the step-size which is subsequently adjusted as
necessary. The HSTRT parameter provides this.value in a
double precision mode.

A "problem” from the point of view of DIFPAK, is a specific set of
first orci,er ordinary differential equations of the form shown in (*). 'Such
a problem has a set of intrfnsic attributes which must be known to
DIFPAK.. Since every "DIFPAK-directed" problem must have these
attribﬁtes; they are regarded as reflected parameters of DIFPAK -itself.

—

These attributes (i.e., reflected parameters) are : |

(a) N : The number gf first order differential equations to be
solved (an integer value).

(b) FINTIM : The right-hand end of .the solution interval over which the
problem is to be solved (a double precision value).

(;:) XZ. : The wvector of initial condit{ions -associated with the
problem; i.e., the value of x(t0) (each companent if a

e

double precision value). -
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As noted previously, the fundameﬁl part of the output generzted

by a DIFPAK execution is a sequence of solution values (a cluster-list).

We note, however, that this output properly belongs not to DIFPAK itself,

but to the specific problem that is being solved. In other words the

cluster-list that is the generated solution to the problem is.a reflected

variable of DIFPAK. In the sequel we assign the name TRAIJ to this

particular clist variable.

Two non-reflected DIFPAK vzfriables do, however, exist. These are :

(a) NRHS

/
- (b) AVG

p———

This provides a count of the number of evaluations of the
derivative function, f, (the right-hand-side of (*)) required

over the solution interval (a scalar integer value).

This provides thé average integration step-size over the

solution interval (a scalar double precision value).

As a representative problem instance for DIFPAK we consider the

~

following set of first-order ordering differential equations-:

X1(1) = - x2(t) - x1(t) * x3(t) / R(t)

X2(t) = x1(t) - x2(t) * x3(t) / R(t)

LS

x3(t) = x1(t) / R(t)

where R(t) = v x1()**2 + x2(t)**2

—r
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The formal realization of any problem instance for DIF;P'AK takes the
form‘ of a set of FORTRAN subprograms. This set always contains at least
one member; namely, the subroutine subprogram called RHS whicl}
provides the specifications for the differéntial equations that are to be
studied. The specific RHS subroutine for the problem under consideratjon
is shown below : | .

SUBROUTINE RHS(T, X, F)
IMPLICIT REAL*8 (A-H, O-Z)
RﬁAL*S X(1), F(1)

R = DSQRT(X(1)**2 + X(Z)?‘:Z)
F(1) = -X(2) - X(1) * X(3) /R
F(2) = X(1) - X(2) * X(3) / R

F(3) = X(1) /R

For "sim:f)le" problems, such as the one being considered, the RHS
subprogram is the only one that is required for the realization of. the

problem instance.
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The parameters of any problem instance for DIFPAK will necessarily

include the tﬁree reflected parameters defined for DIFPAK : namely, N,
FINTIM and-XZ. The value of N in the present case is three and it is-
clearly not meaningful to assign #z;;ly other value. The default value
chosen for FINTIM is 3.0 and the default initial condition vector is taken
to be (3.0, 0, 0). The present problem instance has no other parameters
apart from these reflected parameters.

The only variable- associated with this problem instance is the
.DIFPAK refle;cted variable ;:alled TRAj which is a cluster-list (every
DI‘FPAK related problem instance inherits this particular variable). In the
preseﬁtecase, the size. of this cluster-list is four (i.e. the value of t, the

problem independent variable and the corresponding values of the three

state variables).

4.3 INITIATING NEMS | e

The system configuration upon which the use of NEMS is based,
includes the following :

— : *
(a) a PC running MS/DOS, with 512K RAM and a hard disk;

- (b) a directory partition containing dBASE III, TURBO PASCAL, a file
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transfer program and the NEMS module itself;
(c) a mainframe computer system which is accessible from the
communication software néted in (b) and which maintains appropriate
program files for the solution engines and problem in'stances that are to
be utilized under NEMS;
(d) a nalmed "EXEC file" associated with each solution engine- that is
resident on the mainframe whose purpose is to appropriately activate the
‘program code of the solution engine and its associated problem instances.
The NEMS module exists as a set of dBASE IIl procedures and
'(r‘ refations. In orde; to initiate a NEMS session, the user first activates
dBASE III and then enters the command
"DO NEMS"

This results in- the display of the main menu shown in Figure 4.1. The
user has now entered NEMS, and can choose either to activate any of the

four NEMS modes; namely, the create mode, the execute mode, the query

mode or the delete mode, or to exit NEMS.

4.4 ILLUSTRATION OF THE CREATE MODE

We assume in our example that the user wishes to create the
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solution engine "DIFPAK", hence the option "CREATE SE/PI" is selected
from the rr;ain menu (Figure 4.1). This reéult‘s in the display of another
mér;u (Figure 4.2) from'whic-h the user chooses the "CREATE SE" option.
The s;ystem' then undertakes‘lto obtain from the user the defining
attributes of "_tqhe solution engine. This is achieved by appropriately
"filling in thé blanks" on a subsequent screen as shown ‘in Figure 4.3.

As the next step, the system prompts the user for the specifications
for each of the SE parameters. An initial screen for this purpose is shown

in Figure 4.4. Following the selection of "1" for CHOICE, mode information

is requested in the format shown in Figure 4.5. Then, because the
parameter type is scalar numeric, the systém requests upper bound,
lower bound and default value information in the format shown in Figure
4.6. These values may be left unassigned, but a blank for a default value
1s subsequently interpreted as a “"0" for a numeric type. This process is
repeated for each of the SE parameters. [n?éx\cgse of DIFPAK, the
parameters VERIFY, ABSERR, RELERR and HSTRT would be declared, in
~ addition to METHOD.

Following corhpletion of the parameter specification for each of the

parameters, the system prompts the user fo.r' the -specifications for each of

(.
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'
'
I
'
NAME OF SOLUTION ENGINE (SE) : DIFPAK !
! NUMBER OF PARAMETERS : 5 !
! NUMBER OF REFLECTED PARAMETERS : 3 :
! ' NUMBER OF VARIABLES : 2 . :
! . NUMBER OF REFLECTED VARIABLES : 1 :
NAME OF EXEC FILE WHICH EXECUTES THE SE : ~DIFNEMS :
PRECISION (SINGLE/DOUBLE) : D  — ;
OWNER : MARIA :

1

X

;

e W M M M Em M M VR M M M M A M A T e b ik A M L S e W Mt M et A M SRS PR M S M e e e e ey S e e Sk Ak S M

=======z======ZCREATE SE:iE:::::::::::::;:::::::::::::::::::::::::::::::::::::::
SOLUTION ENGINE : DIFPAK

] )
3 ]
} :
! PARAMETER 1 :
: ____________ 1
! NAME : METHOD {
: TYPE : :
! 1. SCALAR NUMERIC , :
: 2. VECTOR NUMERIC !
] [}
| I:
t
|
i
[}
i
]
]
]
t

- ' 3. CHARACTER STRING
CHOICE : 1

~
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SOLUTION ENGINE : DIFPAK
PARAMETER 1

[}

[}

]

r

]

[}

Y mmme e .

' NAME : METHOD

, . TYPE :-

' 1. SCALAR NUMERIC
' . 2. VECTOR NUMERIC
! 3. CHARACTER STRING
i CHOICE : 1

]

E

:

|'

\\ ENTER MODE OF SCALAR NUMERIC
1. WNTEGER
2. REAL

CHOICE : 1

e e e e e e s ne . —  mm o e b s M ey M e e e e s AL RS S M M M M e T = M = = e e Al MM am e e e e T o
N L oo S o o S . . . S - - . , s S s e e m e ————

-

m==m=======2====CREATE SE=s=====c-=Z==--=-=-C-C-ZZ==-=-=cC=Z=SSSSSSSSCSSESSTZIZSEZZIRISSEERSS
SOLUTION ENGINE : DIFPAK

PARAMETER 1
NAME : METHOD
TYPE :
1. SCALAR NUMERIC
2. VECTOR NUMERIC

| 3. CHARACTER STRING )

: CHOICE : 1

|

! LOWER UPPER DEFAULT
: BOUND BOUND VALUE

T e —m—— D e ———— . e ——_————

! 0 100 9
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‘the reﬂccted. parameters. The user enters "N" as the name of the first
parameter and specifies its type as "SCALA?I? NUMERIC" (Figure 4.7). The
mode of N is then specified as "INTEGER" (Figure 4.8) and this completes
the specification of the reflected para..meter N.

The specifications for the ‘reflected parameter FINTIM are entered -in
the same way as thosp of N, except that the mode of FINTIM is specifiedh
. as "REAL".

The third reflected parameter is the real vector XZ. The user enters
XZ as the nqi‘ne of the reflected parameter, chooses the type "VECTOR
NUMERIC" (Figure 4.9), andihe mode "REAL" (Figure 4.10). Because of
the vector type of XZ, the user is prompted for the maximum length of XZ,

and the value "10" is entered (Figure 4.11). The system then undertakes

the determination of the active length for XZ. This begins with the query

\3‘;

shown in Figure 4.12. Since the active length of XZ is not fixed, "1}1" (NO) is
entered. Nor is the active length to.be explicitly assigned by the user at
execution time, hence "N" is entered as the resl;onse to the, next query as
shown in Figure 4.13. This implies that the active lengthr of XZ is via
another parameter or variable. Therefore, the user is prompted for the

name of the .source identifier for the active length. Since the active

L)
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SOLUTION ENGINE : DIFPAK ‘ : ' . :
REFLECTED PARAMETER 1

[}

]

'

H

]

i

]

|

| :
; 1. SCALAR NUMERIC

: 2. VECTOR NUMERIC

: ' 3. CHARACTER STRING

: CHOICE : 1 9
]
II
)
'
1
{
]
H
1
1

—

SOLUTION ENGINE : DIFPAK

REFLECTED PARAMETER 1

]

1

\

1

[}

i

E 1. SCALAR NUMERIC

: 2. VECTOR NUMERIC

: 3. CHARACTER STRING
: CHOICE : 1
1

|

[}

f

1

]

)

:
A ]

[}

ENTER MODE OF SCALAR NUMERIC : : i

1. INTEGER : '

2. REAL - !

. CHOICE : 1 )

et P e b M e e e i S o e e o o mn e e B e e i M o e  — — — — — —  ——  fh v v T
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:::::::::::::?:CREATE‘SE::::::::::::::::::::::::::ﬁ:::::::::::::::::::::::::::::
' SOLUTION ENGINE : DIFPAK”

REFLECTED PARAMETER 3 :

NAME : X2

I ]
I= ::
]
| |
: [}
t
': : | |
' 1. SCALAR NUMERIC . . ]
' : 2. VECTOR NUMERIC.. . - . = ]
' 3. CHARACTER STRING !
' CHOICE :° 2 E
| \
i ]
: '
’ s
1

a a

SOLUTION ENGINE : DIFPAK o

REFLECTED PARAMETER 3

|

|

|

|

'}

: NAME : X3Z

] M -
4 1. SCALAR NUMERIC
: 2. VECTOR NUMERIC
i 3. CHARACTER STRING
i CHOICE : 2

3

|

|

|

1

I

1

1

1

i

ENTER MODE OF VECTOR NUMERIC :

1. INTEGER
2. REAL
CHOICE : 2
§2ZERsIRSEEEEIEEEEESEIES SIS SIS IEEEIoEEERESSSISsssss==ssasssassasssssszIsosszas
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]
1
]
]
]
|
|
NAME : XZ '
TYPE : : . :
1. SCALAR NUMERIC : i

2. VECTOR NUMERIC :
. |

|

i

]

1

1

':

]

I

}

1

3. CHARACTER STRING
CHOICE : 2

ENTER THE MAXIMUM LENGTH OF VECTOR : 10

_..____..-___.-.___..—._.______._...._.___....——____....-..-.___....---.—._____...._.___..-______-....-._.———__.——___.-__.

::;::::::::::::CREATE e L - - e e e e
! SOLUTION ENGINE : DIFPAK
i

R REFLECTED PARAMETER 3

«

3 |
! |
, :
; : I
! 1, SCALAR NUMERIC i
: 2. VECTOR NUMERIC '
1 3. CHARACTER STRING ;
; CHOICE : 2 - :
1 |
I: ) ':
i i
i i
] I
| |
I i
I t

IS THE ACTIVE LENGTH QF XZ FIXED? (Y/N) N
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e e

. =m=c=zz========CREATE éE::::::::::::::::::::::::::::::::::::::::::::::::::::::::
SOLUTION ENGINE : DIFPAK

REFLECTED PARAMETER 3 : T

:

[}

L]

|

1

g

]

]

: :

: 1. SCALAR NUMERIC

i 2. VECTOR NUMERIC

) 3. CHARACTER STRING ‘ ;
) CHOICE : 2 . -
1

g

:

[}

'|

t

1S ACTIVE LENGTH OF XZ USER ASSIGNABLE? (Y/N) N

' _::::::::::=:::::::::::::::::::::::::::::::::::::::::::::T
s 8 : g
4 |
! i
Figure 4.13
zom====z==z====CREATE SE::55::::::::::::::::::::::::::::::::::::::::;:::::::::::
' SOLUTION ENGINE : DIFPAK
: REFLECTED PARAMETER 3 : |
e A B RS e e e et W ’-
NAME : X2Z '
TYPE :

II

|

I

' 1. SCALAR NUMERIC

' 2. VECTOR NUMERIC

: 3. CHARACTER STRING
l CHOICE : 2
|

\

i

1

1

1

1

ENTER NAME OF SOURCE IDENTIFIER : N
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length oi’_ XZ is via the reflected parameter N, the user enters the name

"N" (Figure 4.14). This ends the specifications for the reflected parameter
: .

XZ.

After the specifications for the SE reflected parameters, the user is
prompted for the .specifications for the SE. variables. The user enters
"NRHS" as the name of the first s.uch variable and cl;ooses "SCALAR
'NUMERIC" as its type (Figure 4..1‘5)' and "INTEGER" as its mode (Figure

4.16). The specifications for the other variable, AVG, are entered in the

same way; however, its mode is chosen as "REAL".
After the specifications of variables, the user is prompted for the
specifications for the reflected variables. There is only one such variable

in¢ this example and it is a cluster list. The user enters "TRAJ" as the

name of this reflected variable, chooses "CLUSTER LIST" as its type]

(Figure 4.17), and "REAL" as its mode (Figure 4.18). Now the user is
p ,

prompted for the specifications for the active size of TRAJ. Since the size
of TRAJ is fixed, the answer "N" is entered in response to the query of
Figure 4.19. The user is then asked whether the size of TRAJ is user

"assignable, and the résponse "Y" (YES) is entered (Figure 4.20)., This ends

the specifications for the reflected variable TRAJ.

—
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SOLUTION ENGINE : DIFPAK
VARTABLE, 1

'NAME : NRHS

1. SCALAR NUMERIC
2. VECTOR NUMERIC
3. CLUSTER LIST
4. CHARACTER STRING
CHOICE : 1

2

z=======z======CREATE SE==—==s=====-c-=-=-z-r-S=---C--=-C=ZCZ=SS=S=S=-=-=CC-SXSSSSEISssTs========

SOLUTION ENGINE : DIFPAK
VARIABLE 1

NAME : NRHS

1. SCALAR NOUMERIC
2. VECTOR NUMERIC.
3. CLUSTER LIST

4. CHARACTER STRING

CHOICE : 1

ENTER MODE OF SCALAR NUMERIC
1. INTEGER
2. REAL

CHOICE : 1

L




L}

1

]

| 2. VECTOR NUMERIC

' 3. CLUSTER LIST

' 4. CHARACTER STRING -
)
1
l
l
'
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: &
===-==z=====z===CREATE QE=---s-xzsz=sssssczSzZoCoCS=SoES=S=CooS=oZTESSSST--=ZZIZZEZZZIoEzCS
! SOLUTION ENGINE : DIFPAK. ‘ !
' \
! REFLECTED VARIABLE 1 : - '
L A em e —— oma - O e e e . —— - - N ]
1 . 1
: NAME : TRAJ } |
' TYPE : :
H 1. SCALAR NUMERIC '
: ‘ . 2. VECTOR NUMERIC '
' 3. CLUSTER LIST - '
H 4, CHARACTER STRING : !
' CHOICE : 3 |
: l
, :
! : i
| :
I‘ - :
T::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::T
g ENTER VALUES AND PRESS RETURN '
] 1
1 1

. E-' ! ]Z ¥
========z======CREATE SE===c-c======-=-=2=2CCSCCoC-CCZCZCCSSS3=-====-Z==S==ISSSSSSZZZZIZIRIE
! SOLUTION ENGINE : DIFPAK g
1 1
' REFLECTED VARIABLE 1 i
NAME : TRAJ . |
1. SCALAR NUMERIC . !
‘.
CHOICE : 3 | B i
ENTER NUMERIC MODE OF CLUSTER LIST : )
1. INTEGER : ;
2. REAL !
CHCICE : 2 i
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z=====zz=z======CREATE SE:::::F:::=:===========:======:======================5¥;E
SOLUTION ENGINE : DIFPAK
' REFLECTED VARIABLE 1
NAME : TRAJ
TYPE :
1. SCALAR NUMERIC

"~ 3. CLUSTER LIST
- — 4. CHARACTER STRING
CHOICE : 3 :

' ]
'. ',
' \
: :
| ]
II :
! t
H \
" :
\ ' . ]
' 2. VECTOR NUMERIC . ‘ _ :
' )
'. '.
: :
! t
| | :
! IS SIZE OF TRAJ FIXED? (Y/N) N !
'. '.

]

P e T b B ot iR LR S e e e e g

=======z===z=====CREATE SE::::::::::::::::::::::::::::i:::::::::::::;:::::::::::::
SOLUTICN ENGINE : DIFPAK . P

REFLECTED VARIABLE 1 : L —
_____________________ ] - b‘/ .

|
]
) )
: NAME : TRAJ NG —
g TYPE : :
: 1™ SCALAR NUMERIC |
: 2. VECTOR NUMERIC

! 3. CLUSTER LIST e

CHARACTER STRING

4,
CHOICE : 3

]
!
! IS8 SIZE QF TRAJ USER ASSIGNABLE?_(Y/N) Y
.’
:
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Based on the defining attribute - values for DIFPAK as entered .in

Figure 4.3, the "definition" of this panicularﬁlution engine is complete at

st

this point. NEMS therefore re-displays the main menu of Figure 4.1. i
. . /‘
Suppose the user now wistres to create a problem instance calléd. -

"EX1". He chooses the "CREATE SE/PI" option from the .main menu, and on

o~ .
the subsequent menu (Figure 4.2), the user chooses the option "CREATE

PI",

The user is then ﬁrompted for the defining attributes of the PI
(Fig;Jre 4..21). Since there are no parameters or variulinles‘otﬁer than the
ref’leéted “parameters and variables, the user_enters "0" for both the
number o/fJ parameters and the number of variables.

NgMS now proceeds to obtain lower bound, upper bound and default
values for each problem instance parameter. In the case.of EXI, the only
parameters are reflected parameters. :T.he user provides this information
on /the following screen (Figure 4.22) fof each of the scalar reflected
paramieters. (Note that since there is no upper bound for the right-hand
end of the-solution interval, the upper bound for FINTIM is left blank.)

Each vector parameter is treated as a separate unit since lower

bound, upper bound and default values must be obtained for each
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VAR

)

t

:'

: ]

: NAME OF PROBLEM INSTANCE (PI) : EX1
! NAME OF SE MASTER : DIFPAK

! . NUMBER OF PARAMETERS : O
:

\

|

3

:l

[]

]

[}

]

(in addition to refl. par)
_NUMBER OF VARIABLES : 0

(in addition to refl. wvar)
PRECISION (SINGLE/DOUBLE} : D
OWNER : MARIA

i | ENTER VALUES AND PRESS RETURN. ..
i . .
l

_____________ o e o o e e e e e e e e i o e o e s e i i e i i
Figure 4.21

::::::5::&:::::CREATE PI::::::::::ﬁ:::::::::::::::::::::::::::::::::::::::::::::

PROBLEM INSTANCE : EX1 . ' {

- ’ '

REFLECTED LOWER UPPER DEFAULT 5

PARAMETER TYPE BOUND BOUND VALUE !

_________ —_—— — — —— i — -t — —— - —— ]

. : . !

N S/INT 3 3 -3 SRR g

FINTIM S/REAL O 2.0 o !

"

]

X

|

[}

i

?___-__a______________-____________m_,_,n_______m-__-_____:n___-,-__~::::::::__7

\ 1

) ]

' . k

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i;affiz
Figure 4,22
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component. ~This information for the reflected vector’ parameter XZ is
entered via the screen format shown in Figu;es 423 and 4.24. Because

the maximum length of XZ was declared to be ten ‘in the defifiition of

DIFPAK,N ten ‘compone'nt numbers are displayed, However bgcaﬁée the

problem instance EX1 has only three state. variables, only the first three

components of XZ are meaningful.

o

Since EX1 has no non-reflected variables, the definition' of th_e
problem instance called EX1 terminates with the completion of the

specifications for its -parameters.

4.5 ILLUf RATION OF THE EXECUTE MODE

When the user chooses the "EXECUTE SE/PI" option from the NEMS

-

main menu, the secondary menu.shown in Figure 4.25 is displayed, and

the user is prompted for sthe names of the SE ind "PI to be used in the

experiment.  After these are identified, the system prompts the user for
the active values of the scalar parameters of sthe solution engine, i.e.

DIFPAK . (Figure 4.26). Note that .any parameter that is not explicitly

" assigned a value by the user, is given its default value by the system.

After assignment of an active value to each DIFPAK parameter, the

system prompts the user for the active values of scalar parameters of the



=2=z2z2===m=====CRFEATE Pl=ss===s=-==-c-=--=-=-==-=Z=-=-CSSS=SS=SS=SC-TCSZSSSSTZoTS=ZSESSS===-==zZ=x=

- VALUE

o
=
=
3
=
ol
~

~====zz=z=z====CREATE PI::::::::::::#::::::::::::::::::::::;::::::::::::::::::::

VALUE

DEFAULT \

: PARAMETER (REFLECTED)
: “'NUMBER : 3
: NAME  : XZ TYPE : V/REAL
) COMPONENT  LOWER - ~ UPPER
| NUMBER BOUND BOUND
I: 1
: 2
: 3
: 4
: 5
! 3]
! —
: 8
!
:::::::::::::::::::::::::___:_::: - ittt
: ENTER VALUES AND PRESS RETURN.
: MORE ON NEXT SCREEN...
' PARAMETER (REFLECTED)
! NUMBER : 3 .
: NAME  : XZ TYPE : V/REAL
; COMPONENT  LOWER UPPER
NUMBER BOUND BOUND
_ ; .
10
) A T N T N LoD o=TZZD=ZZD=D=====xz
=:=::::::::::::::::::::::::::::::::::::::::==:==£:=="'_—_::::Z:::::::"====:
(-]
Eigure 4,24 ¢
1
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====zcz=55=====REXRCUTE=====z====-s-oz=-=-===-===-=-=2z-ss-----=-=-=-==---s-oo=s=-=zo=======

NAME OF SOLUTION ENGINE : "DIFPAK

|
I
L}
!
]
]
'
)
| NAME OF PROBLEM INSTANCE: .EX1
I
.'
I
L}
1
|
1
|

! '
; \ )
%D E. 125

zz===z===zz=z====RXBECUTE=======t=-=-==-z=--=-=-=z=z=-=-3S=zZC=Z=-=-=-cC=-CCoS=S3Z=So=SCosSS=-sZ=STS=zZ=
! SOLUTICON ENGINE : DIFPAK !
: , : :
' ' DEFAULT DESIRED ,
e PARAMETER ' TYPE VALUES VALUES :
1 :
! METHOD . INTEGER NUMERIC 9 7 :
! VERIFY INTEGER NUMERIC 0 o '
! ABSERR REAL NUMERIC 0.00001D0 0.00001D0 !
! RELERR REAL NUMERIC 0.00001D0 0.00001DQ :
| HSTRT REAL NUMERIC 0,10000D0 0.10000D0 !
i i : _ !
: :
: !
] [}
i '

Figure 4.26

3

|

/
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' I-’I; namely, EX1 (Figure 4.27). The vector parameter, XZ, is handled on a
component by component basis on a separate screen (Figure 4.28). Recall
that during the creation process, the active length of XZ wag specified as
"via the active value of the scalar parameter N". Sinc;e the active value of
N is three, the active length of XZ for this experirﬁent becomes three,
Hence, the system prompts the user for active values for only the first
three components of XZ.

In general, after the z;ssignment of the actilve valliés for the
parameters of the PI, the user may bc;l prompted for i;}formation relati_ng
to the vector and clist variables as necessary. In th(; present context,h --------------------- |
recall that during the creation process, the size of the clist vériable, TRA.J, -
was specified as " er-assignable”. Hence, the user is prompted forP
active size of TRA._I, whiclf is fc;ur_ (Figure 429)\~/

At this point, the'user has entered all the necessary data require‘d
for the éxecuiion of the DIFPAK/EX1 combination. NEMS organizes the
data as records .in a file called NEMS.';XT. The user is i)rompted by NEMS
to perform the file transfer to the mainframe (Figure 4.30); ’

In the sample environment, the file transfer progfém and the

i

mainframe computer are respectively the "KERMIT" ]’:)rolgram and the

Amdah! mainframe of the University of Ottawa computi‘(g center. Access
. \ '

\.
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\
\
DEFAULT DESIRED 9
' PARAMETER= TYPE VALUES VALUES '(
I it e e mm—— mdema—- '
: I‘
i N INTEGER NUMERIC 3 T 3 !
' FINTIM REAL NUMERIC 0.20000D1 1.0 '
1
E E
'. ‘.
: V
. 4
: 1
| i
I' |.
-I---—-----—:::::::::::::::::::::::::::::::.:"'——--—’-'-——-"---'-————--'-—--"-——--———---'----———-—--'“---l
T CTTTTTTTTETTEm eI
" :
! 1
l '
M-S CoZSSoSSSS oSS CoEECCCooSSTCESSSSSSSS oS SSESSSTSSSCZEESSSSSSSSSSTISSEIIZSSSISSo==
Eigure 427
=====z========EXEQUTE=-s===--==®SS=-=---CSCoSSSSSo oSO SSSESIISISSTIZRTSSSSISS=EEs
H PROBLEM INSTANCE : EX1 H
A PARAMETER ‘ '
: NAME : XZ A :
: TYPE : VECTOR NUMERIC REAL b
H MAX LENGTH : 10 ACTIVE LENGTH : K] !
i COMPONENT DEFAULT.-VALUES _DESIRED VALUES H
1 e e et ———————— 1
:' 1 0.30000D1 0.30000D1 :
! 2 0.00000D0 4 t
! 3 0.00000D0 0.00000D0 7 i
.‘ o .‘
! !
: i
] '
| y
t 1
Y
' - )
' )
Figure 428
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LY
:::::::::::::::EXECUTE:::::::::::::::::::::;::::::::::::::::::::::::::::::::::::
' PROBLEM INSTANCE : EX1 - )
! VARIABLE |
: NAME : TRAJ . !
X TYPE : CLIST NUMERIC REAL T — |
' \
:' ASSIGN SIZE OF CLUSTER LIST : 4 :'
] " ]
. )
:::::::::::::::::::3::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::

-...--.-._—_.--.-._..-—___.-...._.___..-—__...__.._.——___..-..__...-—_--...——_...-..____....——...——___...._—__—..__...-.__._—
-.-._._..._—___.-_...—_____...._—_.__—__-.-.——...——.__—.....-—-.——__—.____._____....—__...—___...___-...___-.-._—...—

:::::::::::::::EXECUTE::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
READY FOR FILE TRANSFER... ; ! '

INITIATE NEMS-REMOTE BY TRANSFERRI@G THE FILE

:

i

NEMS .TXT E
TO THE AMDAHL COMPUTER. E
}

)

1
1
]
1
1
1
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is via the sytek local arg:_éﬂnetwork. NEMS initiates KERMIT for the user.
However, the user, must explicitly -perform the file transfer and activate
NEMS-remote himself.

Thg commands that must be entered to carry out the experiment
and to retrieve its results, are as follows :
(a) C(ONNECT) followed by CALL 3301 : this connects the PC to the
Amdahl computer.
(b) VTI100 : this is entered in response to the query ;'egarding terminal
type.

(¢} Normal sign-on to Amdahl.

[

(d) MICRO followed by KERMIT : this activates KERMIT-remote on the .

Amdahl.

(e) RECEIVE : this KERMIT command prepares Amdahl for receiving a

file from the PC. .

(fy CTRL-}-C : this returns the user to the PC. .

(g) SEND(NEMS.TXT : this K%T command sends the file NEMS.TXT
from the PC to Amdahl. (The file NEMS.TXT is shown in Figure 4.31.)

(h) C(ONNECT) : this once again connects the PC to Amdahl.

(i) NEMS : this command activates NEMS-remote, which separates

NEMS.TXT into three files and then activates the selected SE/PI

— -

d}



148,

combination; i.e. carries out the expérimen;_. (The Exec file for
NEM\S-re';no_te is NEMS EXEC which is shown in Figure 4.32. The activatlion
of the selected SE/PI combination is via the Exec called DIFNEMS_ which is
shown in Figure 4.33.)

() KERMIT : this re-activates KERMIT-remote on the Amdahl.

(k) SEND NEMS OUTPUT : this KERMIT command sends the file NEMS
QUTPUT from Amdahl to the PC. “

() CTRL-]J-C : this returns the user to the PC.

{(m) RECEIVE : this KEﬁMIT command gnable‘s the PC is to receive the file
NEMS OUTPUT from Amdahl. |

(n) C(ONNECT) : this once again connects:".the PC to Amdahl.'

(o) normal sign-off from Amdahl.

(p) CTRL-]-C : this returns the user to the PC.

The file NEMS OUTPUT that is transferred from the Amdahl to the PC

containis the values for the yariables of both the SE and PI which‘result
from the execution of the experiment. Upon return to the PC (step(p)),
these values are plaéed by NEMS into the‘appropria-te tuplesiof the
apiaropriate relations. NEMS then retu;ns tc; the initial state of the .main

.

' Vel
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&TRACEOFF ‘

COPY NEMS TXT A DIFPAK INPUT A (FR 16 FOR 2
COPY NEMS TXT A EX1 INPUT A FR 18 FOR 3
EXEC DIFNEMS EX1

ERASE DIFNEMS TXT A

ERASE DIFPAK INPUT A

ERASE EX1 INPUT A

&
*
*

"~ ¢OPY EX1 NCLIST A EX1 OUTPUT A (APPEND
RENAME EX1 CLIST A PI010001 CLIST A
ERASE EX1 NCLIST A
COPY EX1 OUTPUT A DIFPAK OUTPUT A (APPEND
RENAME DIFPAK OUTPUT A NEMS OUTPUT A

7 0 0.00001D0 0.00001D0
0.10000D0 -

3 0.10000D1 0.30000D1 0.40000D1
0.00000D0 0.00000D0 0.00000D0 0.00000D0
0.00000D0 0.00000D0 0.00000D0O 0.00000D0

Figure 4,31

Contents of the File "NEMS.TXT" for the Example Problem.
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&TRACE OFF

COPY NEMS TXT A SE EXEC A (FR 1 FOR 15
EXECSE

ERASE SEEXEC A

' ioure 4.32

. Contents of the File "NEMS EXEC".

t

—
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*CONTROL OFF NOMSG -

&FT = FORTX .
STATE &1 &FT D

&IF &RETCODE EQ 0 &GOTO -CONT

&FT = FORTRAN - v

STATE &1 &FT D '

&IF &RETCODE EQ 0 &GOTO -CONT

&TYPE FILE (&1 FORTX) OR (&1 FORTRAN) NOT ON YOUR D DISK
&TYPE REQUEST ABORTED

&EXIT

-CONT

&STACK HT

COPY &1 &FT D = = A (REPL

»

- &STACKRT

GLOBAL TXTLIB VLNKMLIB FORTUTIL CMSLIB

GLOBAL TXTLIB DIFPC1 DIFPC2 DISCO TRANLIB VFORTLIB IMSLDLIB
GLOBAL LOADLIB VFLODLIB
EXEC CLEAN '
&CONTROL CMS

&SPACE 2 ' :

LOAD TRANSL (NOMAP "‘
START TRANSL (&1

&IF &RETCODE NE 0 &EXIT

ERASE &1 &FT A

- &SPACE

COPY DIFNEMS INFACE A TARGET FORTRAN A (APPEND
FORTVS TARGET (LANGLVL (66)

&IF &RETCODE LE 4 &GOTO -NOERR

&ERR =Y

&TYPE RETURN CODE FROM FORTVS COMPILER GT 4
&GOTO-XYZ

Figure 4,33

Contents of the File "DIFNEMS EXEC".

~
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-NOERR
&ERR = N
XYZ _ -
ERASE TARGET FORTRAN
&SPACE _ : |
&IF &ERR EQ Y COPY TARGET LISTING A SOURCE FORTXBL A (AP
ERASE TARGET LISTING A
&IF &ERR EQ Y &GOTO -PRINT
_ LOAD TARGET (NODUP |
&SPACE
FILEDEEF 6 DISK &1 STDOUT A
FILEDEF 5 TERM
FILEDEF 12 TERM (LRECL 132 |
FILEDEF 15 DISK DIFPAK INPUT A
FILEDEF 16 DISK &1 INPUT A
FILEDEF 25 DISK DIFPAK OUTPUT A
FILEDEF 26 DISK &1 OUTPUT A
FILEDEF 35 DISK DIFPAK CLIST A
FILEDEF 36 DISK &1 CLIST A
FILEDEF 45 DISK DIFPAK NCLIST A ‘
FILEDEF 46 DISK &1 NCLIST A
&TYPE READY TO GO ... HIT RETURN TO STRAT
&READ VARS &ANS
EXECSERV CLEARSCN
START
COPY &1 STDOUT A SOURCE FORTXBL A (AP
ERASE LOAD MAP -
&SPACE
&TYPE DO YOU WANT TO SEE THE OUTPUT FILE?
&TYPE (<CR> = YES; ANYTHING ELSE = NO)
&READ VARS &RESP

-

f
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&IF .&RESP EQ . TYPE &1 STDOUT A

&STACK RT . |

&TYPE DO YOU WANT TO ERASE THE OUTPUT FILE?
&TYPE (<CR> = YES; ANYTHING ELSE = NO) | -
&READ VARS &RESP

&IF &RESP EQ . ERASE &1 STDOUT A

-PRINT

ERASE TARGET TEXT A , :

&SPACE -

RENAME SOURCE FORTXBL A DIFNEMS &1 A

&TYPE DO YOU WANT TO PRINT THE (SOURCE + OUTPUT) FILE?
&TYPE (<CR> = YES; ANYTHING ELSE = NO)

'&READ VARS &PR

&IF .&PR NE . &GOTO -NOPRT

EXEC PRINT DIFNEMS &1 A

NOPRT
&SPACE
ERASE DIFNEMS &1 A
&EXIT
Figure 4.33 (Cont'd)
2
Y -
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4.6 ILLUSTRATION OF THE QUEKY MODE
N .
In the discussion that follows, we assume that the NEMS database

contaifrlls the following SE's, PI's and expgriments :

+ {a) two SE's called DIFPAK and OPTPAK;

(b) three PI's called EX1, EX2 and EX3 which are bound to DIFPAK and
one PI called RQSEN which is bound to OPTPAK;

(c) five experiments : three experiments carried out with DIFPAK and

. -EX1,. one experiment with DIFPAK and EX2, and one experi'ment with

OPTPAK andﬂ&\eﬁEN ‘(nolq'xperimcnt_ has yet been carried out wi;h EX3).
- To query the NEMS database, the user selects the. option "'QUERY‘
SE/PI" .from the main menu gFigu-re 4.1) ‘which results in.th'e:'c-iis-p.léy of
tlﬁé SHOW/DESIGNATE menu (Figur?' 4.345. :I‘o obtain a list 61’ all the SE's

in the NEMS. database, the user firsjt enters "1" in the CHOICE prompt field

~and then enters "7 in the SE prompt field (Figure 4.35). NEMS then

displays the list of all the SE's that are known to it (Figure 4.36).

-5

To view the defining attribute‘valués of a particular SE, for example,

DIFPAK, the user enters

-

.+ "DIFPAK:A"
in the SE prompt field (Figure 4.37). This results in the display shown in

Figure 4.38.
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:::::::::::::::QUERY:::::===::::;::::::::::::::::::::::::::::::::::::::::::::::?
H - 1
\ - SHOW /DESIGNATE “MENU 5
: ___________________ \
s' ‘ |
: DESIGNATED SE : XNONE 1
: DESIGNATED PI. : *NONE |
: :
g (NAS = 5) !
! !
- 1. SHOW/DESIGNATE 2. REFINE MENU :
: SE OR PI 3. DISPLAY MENU :
T 4. CLEAR !
: 5. EXIT TO MAIN MENU |
! CHOICE : 1 : !
| __._______...____-____.._____..._________..____._..___._..____'
__'_=::=__.-.—._.-—--————__._—....__-———_——-_-.-—————_——.‘__—-———.....—.—__-—-————-.-.———_.—-———-.-...——_-.————I
) ]
] i
| :
. __-""__-'__“:::::::::::::::::::::::::::::::::::::::::
Figure 4.34

o
:::::::::::::::QUERY:::::::::::::::::::::::::::::::::::::::::::::::::__....._.__.__T
b ) : |
| SHgn/DESTGNATE - |
.‘ '
-' . !
; DESIGNATED SE : *NONEX | 5
L | DESIGNATED PI : *NONE* !
1 L . '
{ (NAS = 5) a
! ]
i SE : °? ) 1
' PI : -
' i
! 1
! |
! '
! 1
' 1
H 1
: 7—_'———-__'""':::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
P P '
] o H
| p \
1 )
' - _'-_-"'"::::::::::::::::::::::::::::::::::::::::::::::

Figure 4.35
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INTERNAL CREATION
1D DATE OWNER
SE01 06/26/87  MARIA
NO OF NO OF . NO OF
'REFLECTED PAR BASIC VAR REFLECTED VAR
3 . 2 1
NO OF
PRECISION . USAGES
DOUBLE 4

EE RS R S S S . . S S, e e === =

i T e e e e oy e e il e G e G e A W e Rm e e e TR RE E em e

s v e s M Y A e L A L E EmEE T = = == — - — oL s e m == =SSO DD

/
- Figure 438
mo=z====o====z==QUERY=====z==z===-=-=zco=-==-======z=-=====-—-=-=====z=
t
E SHOW/DESIGNATE
gy
|
i
! DESIGNATED SE : *NONEx
E DESIGNATED PI : xNONEx
E {NAS = 5) -
]
' SE : DIFPAK:P
E PI :
i
] N
l: _______.__—.—_____: —————————————————————————————————————— I r———
’ L
N

-
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To view the parameter specifications of DIFPAK, the usetr enters
' D[FPAKP p
..in the SE prompt field (Figure 4.39) whiéh results in the dilsplay of the
specifications of the parametcrsgand reflected pararﬁeters of DIFPAK
] (Ei‘gure 4.40 and Figure 4.41). To view the variable sﬁecificatior;s of
DIFPAK, the user enters
"DIFPAK:V"
1/n the SE prompt field éFigure 4.42) ‘whichl results in the display of the
specifications of tHe variabl‘es and reflected variabl;s of DIFPAK as shown
in Figure‘-4.43 and Figure 4.4% respective}y.
| Similarly, to obtain a list of all the PI's known to NEMS, the user
enters "?" in the PI prompt field. If, on the other hand, the user wishes to
view the specifications' of a PI; .e.g.~EX1, then he enters "EX1:A" to obtain
the defining attributes, or "EX1:P" to obtain the parameter specifications,
or "EX1:V" to obtain the variable specifications.
The designation of an SE is achieved by simply entering the name of
the SE in the SE prompt field (Figure 4.45). This designation (of DIFPAK)
results in the display of the SHOW/DESIGNATE menu (Figure 4.34). To

view the experiments related to DIFPAK (without any refinement), the

"DISPLAY MENU" option is selected from the SHOW/DESIGNATE menu.
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==z=z=z=zcxzcooos=QUERYSoossmoss oSS oSS CsS oSS D S CTS oSS SSEES SIS SSSSSSSSSCoISCCoCSSSIEZEIRR
{ SOLUTION ENGINE : DIFPAK : i
i BASIC PAR ! LOWER UPPER DEFAULT g
) NAME TYPE BOUND 13 BOUND VALUES i
T o e e e sk ok e e e e e ke - o o T o ey e e e e S A W . S S SN e S P A e e ]
] '
! METHOD S/INT 0 100 9 '
' VERIFY S/INT 0 1 0 !
! ABSERR S/REAL ~ 0.00000D0O \O.lOOOODl ’ 0.000Q1D0 !
| RELERR S/REAL  0.00000D0 0.10000D1 0.00001D0 :
! HSTRT S/REAL . 0.00000DO 0.10000D2 0.10000D0 :
] 1
! ‘ ?
: ]
: . : :
’ :
| R ~’
] , 1
: :

Figure 4,40
:::::::::::::;:QUERX::::::::::::::::é;::::::::::::::::::::::::::::::::::::::::::
' SOLUTION ENGINE DIFPAK : i

REFL. PAR MAX . ACTIVE
NAME TYPE LEN . LEN
N S/INT
FINTIM S/REAL
XZ V/REAL 10 VIA N

b el e e e =S ff=ipr e P R i



:::::::::::::::QUERY:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::?
': SHOW/DESIGNATE -
it !
| '
: : |
' DESIGNATED SE : *NONEx !
H b DESIGNATED PI : *NONEx* !
) . _ !
:' . (NAS = B) ;
' ' I
]
I' SE : DIFPAK:V !
: PI : S
l - i
' i
| :
i :
! i
| |
1 )
ioure 442

zzzzzzzzz===2==QUERY======-r-oossssosoooESSSSSS ST o oSS SIS IRIISSEIISIISSSEEESISEES
SOLUTICON: ENGINE : DIFPAK t
BASIC VAR MAX - ACTIVE - '
NAME TYPE LEN/SIZE LEE/SIZE‘ '
e e =~ = T 2 e !
NEHS S/INT g

AVG S/REAL
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:::::::::::::::QUERY::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
: SOLUTION ENGINE : DIFPAK -
! X REFL. VAR MAX . ACTIVE .
' w«? NAME - TYPE LEN/SIZE  LEN/SIZE
¢ o e o e e m o e e T G e T LR e e -
1 TRAJ - C/REAL N/A USER ASSIGNABLE
0 b '
E Y
:
| e
|
]
]
|
[}
T::::::::::::::::::::::::::‘:_:.:::::::::::::::::::::::::::::::::::::::::::::::::'_'::
: PRESS ANY KEY TO RETURN TO SHOW/DESIGNATE MENU. v :
: g ‘
—, - '/

. 'J

Figure 4.44 g
:::::::::::::::QUERY::::::::::::::::::::::::::::::::::::::::::::::é}t::::::::::?
! ]
: SHOW/DESIGNATE 5
. e ——————— e ——
d /
:' :'
! DESIGNATED SE : *NONE¥ : -
: DESIGNATED PI : *NONEx : :
( '
; (NAS = 5) !
) . . :
; SE : DIFPAK :
: PI M :
3 ]
| - ]
é s
1 1
t - !

_.._-.__:::_:::::::........_...-...___._.-..__.-—......._.._......_...._
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"\

Within the DISPLAY menu (Figure "4.46), the choice ol; "PI's"
option provides a list ;)f all the PI's t.hat are bound to the designated SE;
namely, DIFPAK (Figure 4.47). The P/SE option of the -bISPLAY menu
pfovides the means for viewing the values of the parameters of the
designated SE in the various experiments carried out with it. This display
is carried over fhe set of expcrime_%ts currently in the active set.

The experiments are pfocessed in an order governed By the

following two rules :

&
/

(a) all experiments associated with a particular PI appear togethe’f in a
chronological sequence; |
(b) the order in_which the PI's are selected is also chronological, based on
the first experiment with each PI, i
Not all experiments, however, need to be dis.played. After the display of
the SE parémeter values for any' particular experiment - (Figure 4.48), the
. ~ .

user is able to‘ specify a number of subsequent experiments that are to [?e
skipped (Figure 4.49).

The p'ro;:edur'e for displaying the values of variables in the
experiments involving the currently designated SE is entirely analogoﬁs.

This procedure would be activated by selecting the V/SE dption from the

DISPLAY menu.



163
‘.
:::::::::::::::QUERY::::::::::::::::::::::::::::::::::::.'_":::::::::::::::::::::::
1 |
1 ’ |
: DISPLAY MENU :
] —— e ————————— i
| ':
! #  DESIGNATED SE : DIFPAK | :
! DESIGNATED PI : *NONEx . :
b ~ (NAS = 4) !
1 [}
] 1. PIs 6. SHOW/DESIG MENU :
: 2. P/SE 7. REFINE MENU :
; 3. P/PI 8. CLEAR !
; /4. v/sE 9. EXIT TO MAIN MENU :
: 5. V/PI ) ) :
§ CHOICE 1 : :
[} \
| ‘\} '.
: __"'---""“:‘::::::::‘:::::::::::::.‘_“.‘:::“..":‘Z'l' ::::::::2::::::::::::::;
r , : :
] + :
', £ ,
Figure 4.46

DESIGNATED SE : DIFPAK
DESIGNATED PI : *NONEx

T T o o T o i rr  m ae i e A R S A e A R e P ek o ok R b8 ek i b o o e Al L o kR o o kb i e
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C 4
:::::::::::::::QUERY::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
! SOLUTION ENGINE : DIFPAK. NO OF EXPT REMAINING = 3 . :
| PROBLEM INSTANCE : EX1 | S
| EXPERIMENT DATE : 07/06/87 . :
! I
1 ' ° |
' PAR NAME ‘ TYPE ACTIVE VALUES :
1 e e m it o e B T o b . T A '
I ]
l METHOD S/INT 9 !
: VERIFY S/INT 0 '
i ABSERR S/REAL " 0.00001DC )
; RELERR S/REAL . 0.00001D0 '
) HSTRT . S/REAL 0.10000D0 d
) N [
| |
; ) i
.= 1 / .=
! |
, |
T ST ST
: i RETURN TO DISPLAY MENU? (Y/N) v
\ ]
N a
Figure 4.48
¢

zozzo===z===c==QUERY====coosssoEss S SS oS oSS oSS S SSSSSSISCoSTSTESSIZIZIZIRSEEIESEEE
}  SOLUTION ENGINE : DIFPAK NO OF EXPT REMAINING = 3 '
!  PROBLEM INSTANCE : EX1 ;
! EXPERIMENT DATE : 07/06/87 :
E - !
i PAR NAME TYPE ACTIVE VALUES i
Il mm e e mmm e L]
: METHOD S/INT 9 |
: VERIFY S/INT 0 !
; ABSERR S S/REAL 0.00001D0 '
' RELERR S5/REAL 0.00001D0 l
' HSTRT S/REAL 0.10000D0 )
| :
| I
1 '
: . :
I )

1

:

::—.—.———.——-—-.--_n--—————————————-———————————-u———— — — Y — —
e el el e oo s e sl el il o e e e e e e ]
el e leur i e e e e e e




165

Instead of displaying, for eagh experiment, the parameters
associated with the ‘designated SE, the ﬁser ma'y.wishwto display the
-parameter values of the PI. This can be acl.mielvgd simplj./ by. selecting the
P/PI option in the DISPLAY menu. Similarly, the variables of the PI can
be displayed by selecting the V/PI option.

Suppose now that the user decid;as "to focus his interest on the
experiments that are associated with the problem instance EX1. To
achieve  this goal, the query subsystem must firs;t be reset by selecting
the "CLEAR" option from the DISPLAY menu (Figure 4.50). This results in
the display of the SHOW/DESIGNATE menu (Figure 4.34). The user first
enters "1" in the CHOI(ﬁE‘. field and then enters "EX1" in the PI prompt
field, thereby designating EX1 (Figure 4.51). (Note that since DIFPAK is-
' the SE_master of EX1, DIFPAK is implicitly ﬂesignated.) The designation
of EX1 results in the display of the SHOW/DESIGNATE menu (Figure 4.34).

Suppose now that the user is not interested in displayirig the value
of the DI~1=PAK parameter ABSERR. This masking operation is
i_mplemented.by first selecting the option MASK from the REFINE menu
(Figilmre 4.52). This results in the display‘of the menu as shown in Figure

4.53. Since ABSERR is an SE parafneter, the user enters 1 in the CHOICE

prompt field. NEMS then prompts the user for the name of the .SE

.



DESIGNATED SE : DIFPAK
“DESIGNATED PI : *NONEX
: (NAS = 4)
1. PIs - 6. SHOW/DESIG MENU
-2, P/SE 7. REFINE MENU
3. P/PI 8. CLEAR
4. V/SE 9. EXIT TO MAIN MENU
5. V/PI.
CHOICE : 8
‘ v’”\\gt
""""'"'_""‘_"'""'"""""""'“—___—"“""'-_=::=:::::::::2::::::::::::::::‘3"‘ ?::::::::::::::T
:
]
Figure 4.50
, :
SHOW/DESIGNATE )
______________ ‘E
:
DESIGNATED SE : *NONEX :
DESIGNATED PI : *NONEx ,
N
(NAS = 5) '
— t
‘SE ! !
PI EX1 :
. t
.‘
:
‘ |
: :
L__T,:‘

S p——— e e R e Sl iefl e et
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DESIGNATED SE : DIFPAK

!
'
| .’
N DESIGNATED PI : EX1 ‘ !
P ' R (NAS = 3) !
' v
{ 1. SPECIALIZE 5. SHOW/DESIG MENU '
! 2. RESTORE - 6. DISPLAY MENU !
! 3. MASK 7. CLEAR !
: 4. UNMASK 8. EXIT TO MAIN MENU '
: CHOQICE : 3 - . L ' :
s o .=
[} 1
| '
:':::::::_...._-.—_-...————..:—________..—.—.-.-._.._________...-.___..........-..........__-.....-............._....._......______..__I
. N
H 1
: '
‘ Figure 4,52
:::::::::::::::QUERY::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::
'  DESIGNATED SE : DIFPAK | “
!  DESIGNATED PI : EX1 5
i | - |
: MASK ‘ | i
! 1. SE“PARAMETER _ ' :
! : 2. SE' VARIABLE !
; 3. PI PARAMETER !
] 4., PI VARIABLE H
! CHOICE : 1 . ]
E . !
: :
! )
[}
]
: \ ,
' ENTER A CHOICE OR PRESS RETURN TO REFINE MENU
H
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parameter to be maskéd (Figure 4.5;1).
Supp(;se, in addition, that the user is interested only in those
exper\im'ents' 'where the valug pf)the DIFPAK variable NRHS is .greater than -
200 dand less than or equztl to SOQ. This is a specialization operation and
is: initiiated with 'thé.selégtion'of the "SPECfALIZATION" option from the
_REFINE nie.nu (Figure 4.52).. This results in the display of a menu as
shown in Figure 4.55.. Since NRHS is a DIFPAK‘variable, the user enters
"2" in the CHOICE prompt field. NEMS then 'prompts the user .for the
nﬁe of the' SE variable‘to be gpecialized, and _ghe user enters :'NRHS“
(Figure 4.56). This’ resulté in the display as: shown m Figure 4.57. Vii;.
;his d-isplay', '.the I‘JSCI" is required .t‘o enter a specific value ‘01" a
value-range’ for the DIFPAK variable NRHS. |
Having thus c-arried out masking’ and specifilization . operitions, the

b

user can return to the DISPL}AY menu. to_*?mal'ce appropriate selections.

L
'
s . :‘--\

'fhe paramet‘e‘r/variablc displays. that are sulbséqhuentll):r present;d‘i will be
] subjec;t to the masking_qand speciallization opératic)\ﬁ;s_ that are in effect.

. To unmask the DIFPAK parameter, ABSERR, the user first selects thé '
"UNMASK-'-'"olg)tion from the REFINE menu and then, -on tl}e —Sl.lelGQI;Ieht
) Idispllayvof Figure 4.58, h‘e chooses the SE ?AﬁAMETEﬁ"'éption:' Note tha¥
th:s ﬁhinasks | all rlnasked parameters of 'th_e _ cﬁ.n;ently Aesigﬁated SE;

™

Fy



::::::::;::::::QUERY::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
DESIGNATED SE : DIFPAK !
DESIGNATED PI : EX1 '

:

:

1. SE PARAMETER !
2. SE VARIABLE . ‘ ' ’ !
3. PI PARAMETER : » . :
4. PI VARIABLE _ . . !
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.'NEMS does not provide ihe means for selectively unmasking parameters
~or variables.

The resetting of thc;: existing specialization (i.e. on NRHS) proceeds in‘
a .similar way. In particular, the RESTORE opti'on is selected from, the
REFINE menu.

The preceding ,discussionl has outlined the activation and
deactivation of refinements (i.e,, masl‘:\,\-\unmask, specialize, restore) in the
context of an SE. Eniirely analogousl_'-'éteps ar¢ followed fof" carrying out
‘this operation in the context-of a PI.

When the user finishes querying the NEMS database, he can exit the
query subsystem by selecting the option "EXIT TO MAIN MENU". Thi.s
results in.the display of the NEMS main menu %rom which the user can
carry out }hei‘ NEMS activities or exit from the systém.

4.7 ILLUSTRATIQN OF THE DELETE MODE

3 Suppose the user wishes to delete the solution engine OPTPAK from
the NEMS database. The user selects the option "DELETE SE/PI" from the
main 1;1enu (Figure 4.1). This results in the display of thg DELETE menu

{Figure 4.59), from which the "DELETE SE" option is selected. NEMS thén

prompts the user for the name of the SE that is to be deleted (Figure

¥
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4.60) and proceeds to carry out the steps as outlined in Section 3.4. The
procedure for deleting a PI is entirely analogous.
After a deletion operation is completed, NEMS re-displays the main

menu thereby allowing. the user to activate any of the four NEMS modes

or to exit NEMS.
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CHAPTER §

CONCLUSIONS

5.1 CONCLUDING REMARKS

- In this " thesis project, we have designed and developed the

Numerical Experiments Management System (NEMS) which provides a
productivity tool for rescarchers and designers who have the need to
- carry out extensive sets of numerical experiments. The basic purpose of

the tool is to automate the management of the experiments and the

-

results which are generated by these experiments. A means for browsing
through the accumulated experimental results is also provided. This

latter feature is intended to provide a convenient means for assessing the
: :

results and obtaining insight into further experiments that need to be

carried out.

"
x

The model of the problem solving environment upon which the

r

NEMS development is based, consists of three basic entities: namﬁly,
solution engines, problem instances and experiments. Each of t?‘ese is
characféri d by a set. of attributes and values for these attributes are
maintaine;i\ a dBASE III database. The attributes have been carefully

chosen so that a reasonably broad,class of numerical experimentation

A

SN
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¥ activity can be accommodated by the system. We havcr: described the

basic enltities. and outlined the design of the ré:lations- wh'ich are used.to
manage the data associated with the experimentation.

We have alsd‘ described the four NEMS functional modes; ‘namely, (a)

t‘he create mode which allows the user to create instances of solution

engines and_problem instances; (b) the execute mode which provides the

~means for executing a compatible solution engine/problem instance

combination thereby creating an instance -of an experiment object; (c) the

query mode which provides a convenient means for browsing through

)
th

experimental results; and (d) the delete mode which allows the user to
delete an -instance of a solution engine or a problem instance.
The software and hardware ‘environments upon which NEMS is

based, and the various user requirements in order that the user can use

NEMS efficiently, have also been outlined. We have also presented the

underlying dBASE III relations that are qud i-n NEMS and have discussed
the structure and function of each relatim; in detail. In addition, we have
described some of the pertinent implementational aspects of the four
NEMS mode; and have presented a typical example which illustrates the

use of NEMS and, h?)pefully, will also serve as a user's guide.

NEMS has be'e‘n 'in'lplemented using dBASE III. and some difficult{es
i | -
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arising from this choice _were encountered during the development
process. As outl;ned in Section 2.2.2, one such problem with dBASE I11
lies in its inadequate way of handling numeric data (e.g. scientific
notation is not ;upported)'. ) To cieal with this difficulty, NEMS branches
out to TURBO PASCAL. However, in TURBO PASCAL, the smallest and -
largest integers that can be handled _ére -32768 and 32767, respectively,
and this imposes a restriction on the range of integer .value that a user
can use.

A question may arise as to Why we did not implement the whole
system using an algorithmic language such as TURBO PASCAL in the first
plaée. " The main reason is simply to have access to the powerful means
provided b.y dBASE III for modifying and queryi.ng a database. If the
user wishes to modify the basic structures of the relations in NEMS, he

]
can do so in a very simple and straightforward way, with only minor

) 2

changes in the software. Furthermore we note that if the user has a godd
knowledge of dBASE. III and th@@ internall structurés' of the NEMS___.
database, he can queryh NEMS database directly through the dBASE III
facilities \:vithout going tl}rough th;: quer-y s#bsystem provided.by NEMS.

This can be. particularly useful for extracting information from the

database which is not accessible from the NEMS query subsystem.
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As' we have indicated in Section 3.1.2, a collectioﬁ of dBASE III -
relations is maintained which serves as the templates for the creation of
new frelations associated with eachhinstanCc of a solution engine or
problem instance that fs created in NEMS.'. In its present form, NEMS can
accommociate a maximum of fifteen parameters and fifteen variabl'es‘ for
each solution engine and problem instance, and each vector parameter or
vector variable can have a maximum of tén components. These are
arbitrary choice:s and if the_‘user fiﬁds these sizes to be inadequate, he can

increase them with minor changes to the collection of NEMS template

relations.

5.2 FUTURE WORK .

In the present version of NEMS, a problem instancé is bound to a
unique solution engine. , This could prove to be unreason:_able restriction
and it nﬁght be desirable to make changes to NEMS to allow gfeater
flexibility in this regard. These changes could be implemented relatively

easily.

As currently designed, the data values of a clist variable are stored

in a file which is resident .on the mainframe. It would most certainly be

desirable to incorporate a graphics capabilityQ—th;NEMS software which *

d
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would allow the convenient retrieval of the' data values of a clist and
their presentation .in a graphical form on the PC screen. It might also be
useful to remove the current restriction of a single clist variable for any

[

particular solution engine or problem instance.

The incorporation of a graphical display feature could be regarded as
a first* step in the direc,fion of post-processing capabilities. The general
purpose.of sucllfdevelop-ments woul-d be to make possible a range of
’ ﬁnalyses to be carried out over the accumulatedexperirﬁental data. An
enhanc;cd NEMS environment with these features would substantially
extend the range of inférences' that could be made from the a;:cumulated

-

data. The realization of such a goal would represent a significant research
‘project.

In the create mode, we have provided the user with four options for
specifying t'he active length of a vector; namely, "fixed", "user-assignable”,
"via the val.ue of some scalar parameter",. or "via the active length of
a:nother vector". Similarly_, the active size of a cl\ist can be "fixed",
"user-assignable”, or "via the value of some scalar p‘arametef". Tht?re are,
however, situations where the acti\./e length of a vecﬁtor or the acti'\/e size

_ f
of a clist needs to be specified as a function of some scalar parameter.

~ This, 1in fact, occurred in the example treated in Lhapter Four where the
A \‘\X\

ENY
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size of the clist variable TRAJ is (N+1). The current implémentation of

»

NF\MS cannot accommodate a length/size specification whi‘ch is exﬁressed
as}a function and such an extension would be_wortﬁwhile.

Perhaps the ‘most ambitious possible\ extension of NEMS would be aﬁ
attemI;t to extgnd its role from a pas‘sive‘.suppbrt tool to an active support
tool by incorporating goal directed '_features.* For example in any
particular in.stallation, NEMS could pro-vide access to a large variety of

numeridal software packages (i.e. solution engines). A valuable addition

therefore would be an advisor subsystem that would provide guidance to-

the user in choosing the solution engine that most closely matches his

specific problem, or where applicable, providing an explanation of the

pro's and con's of several eqﬁally applicable engines.

Ve bl .
_Our experience with NEMS has demonstrated its capability as an

effective .experiment management system. It will undoubtedly evolve
and this evolution will be driven, for the most part, by. user feedback.

& .
Hopefully the current implementation has sufficient modularity and

" structural flexibility to accommodate these evolutionary thanges.

)

-
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