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ABSTRACT
This paper aﬁalyzes the concepts of éoftware construction eﬁbodied in the
Draco system. The analysis relates specific mechaﬁisms in Draco to particular
software engineeriné (SE) principles and suggests future research needed to
extend the approach. The purpose of the analysis is to help researchers under- |
stand Draco better and thus be able to direct in productive directions fu‘ture

research on this type of software engineering tool.
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I. CONTEXT

Draco [Neighbors, 1980, 1984] is a tool to aid in the construction of similar

| - software systems froni reusable software components. It has been built :;nd the
principles of its usage are being developed in the context of a broader effort to
improve our ability to reuse previous é6ftware engineering results [Free'man,;

1983a]. This part of the paper establishes the context in which Draco exists.

THE DRACO TECHNOLOGY

The purpose of Draco, as illustrated in Figure 1, is to permit the capture
and reuse of analysis information about real-world processes and design informa-
tion about systems that automate those processes. The Draco technology con-

sists of several notions from computer science and software engineering that are -

described in more detail in [Neighbors, 1980, 1984] and that are analyied in Part
IIT of this papei‘. This technology is embodied in a tool (current version is Draco

1.2) for building softWa.re Vsystems from pre-existing software components.

Most of the concepts in Draco (we will not consistently differentiate
between the technology and its instantiation in the tool) are well-known in com-

puter science and include:
- meta-compiler technidugs
- high;level languages
- refinement into llower-levelvlanguages
- modeling domains

- source-to-source program transformations




- software components.
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Figure 1: Purpose of Draco
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While these concepts»have been previously explored and utilized in a number of . ‘
ways, the development of Draco in its present form brings them together in a

. N \

new and productive way. The primary purpose of this paper is to analyze the ’

: |

|

Draco technology and its relationship to software engineering objectives.

A set of concepts relating to the reuse of any software engineering workpro-

duct provides a larger context for the work on Draco. The mnext section

describes this and Draco’s relation to it.

" REUSABLE SOFTWARE ENGINEERING

The twin forces of escalating costs and demands for improved quality have

been driving the creation of new software development technology over the past
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15 years [Buxton, Naus and Randell, 1968, Boehm 1973, DeRoze and‘ Nyman,
1978]. While the primary driving force has been (and probably still is) the high
cost of initial sYstem develop‘ment ‘and subséquent evolution, the demand for
increased product quality in software-intensive systems is emergin.g as an equally
important force. Reusable software engineering [Freeman 1980, 1983a] is one

attempt to address these problems.

Figure 2 presents the fundamental concept of reusable software engineering:
Any software engineering activity (the analysis of requirements, creation of a
design, planning of a series of testé, and so on) should be organized_and based on
principles t.hat permit and encoﬁrage two specific sub-activities -- the explicit

use of information developed in a previous instance of the activity and the

CONSTRAINTS "REQUIREMENTS -

INFORMATION _ \ »
- : IMMEDIATE
ON THIS TASK , | > RESULTS
| PERFORM SE
INFORLAATION TASK > INFORMATION
ErROM PREVIOU USEFUL IN FUTURE
ASKS - L__- . SE EFFCRTS

Figure 2: Central Idea of Reusable Software Engineering
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creation of information (in addition to the primary output) that Vmaybbe reused

in a later instance of the activity.

It is easy t'o;gen_era.te hypothetical examples of reusable software engineer-
ing: broducing modul_aLr designs of a system that are later reu.sec_l for implementa-
tion in a different laﬁguage, dlevelopin'g a sta.ndafd analysis of a problem area
.thatv can be applied to ‘a number of applications, using a test plan that is
obtajned from a reference book for systems of a certain type. It is rhuch harder
to find actual exampleé of reuse.. (However, if should be noted that the concept
»of code reuse, while quite old, is ﬁnally catlc_hing on [Lanerghn and Boyht‘on
1978, DoD 1983].) |

- The .primary objective of reusable software enginéering is to reduce the
system-lifecycle cost and improve the qua.lity. of sy.st'ems._ We anrd éthers are
working toward fulfilling this objective in specific ways. Draco can be Aviewec.i as
a tool for fhe reuse of analysis (by capturing understanding in d-omain-speciﬁc
l:inguages’) and the reuserof design (in the components that implement the
languages). Thus; a broad understanding of Draco should inélude this larger

context that motivates our work on it.

PAPER OVERVIEW

Our primary objective for this paper is to analyze the Draco technoldg’y and
place it in a spectrum of software engineering/computer science concepts. This
will permit further, rational development of the Draco concepts. While practi-

tioners may be interested in it, other papers will address that audience more

directly.
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Neighbors’ thesis has been widely distributed and still provides the" most
detailed pubhshed description of the Draco technology. Nex&hbors [1984] pro- |

vides a summary while [Nelghbors et al ,1984], and [Arango and Leite, 1984]
provide internal information on Draco. These detailed descrzptxons will not be

repeated here.

Our paper has five major parts and an appendix. Part II provides an over-
view of what Draco does, explains the operational context in which it is intended
to be used (which.is furtner detailed in‘ Appendix I), defines several key roles
'invelved ivn its usage, and discusses its operational status and results to date.
Part III analyzes Draco from the standpoint of the primai'y» mechanisxns on
which it is based and their'relationsh»ip to SE concep: 1al objecti\./es. Parts IV
and V discuss our interpsetat_ion of results and suzgest pat-hs for furtner

development of the Draco approach to software construc:ion.

II. DESCRIPTION

In this part we will review what Draco does and how it does it [cf. Neigh-
bors 1980, 1984, for more detail]. This description, though brief, should permit
you to understand our ana.ly51s of the underlying technology even if you have

not read the earlier papers.

WHAT DOES DRACO DO?

From the standpoint of software technology, Draco can be viewed as a sys-
tem that provides two main functions: 1) The definition and implementation of
languages of various types (properly'viewed as specification languages) and ‘2)

assistance in and partial automation of the task of refining a specification of a
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- desired system (given in one of the languages known to Draco) into another
language (also known to Draco). Draco also provides assistance in optimizing
the programs produced, manéging the libraries of langué.ges and their imblemen-

" tations, and perforrhing othe_r'_ housekeeping defails. Figure 3 réprésents the

main functionality of Draco.

LANGUAGE

DEFINITIONS

(ENTERED ONCE
PER LANGUAGE)

SPECIFICATIONS EXECUTABLE
WRITTEN IN —) DRACO CODE FOR
DEFINED SPECAIRIED
LANGUAGE S : SysTeEMS
(ENTERED ONCE .

PER SYSTEM

CREATED )
Figure 3: Primary Function of Draco

Before looking at how Draco works internally, your understanding will be
aided by lqo'king in —more 'deéail at what Dracpvdoes. ,Figuré 4 expands on Figure
3, identifying more of the elements involved in using Drﬁco to generate a system.

The use of Draco can be understood by studying Figure 4, starting at the
top left of the'diagi'am. If it is decided ‘that.it is worth the investment to pro- -

vide Draco the capability of dealing with programs for a specific application

domain, then a domain analysis is carried out by a highly skilled analyst (called
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a domain analyst). A domain #nalysis is a generalization of the classical
systems-ana.lysis activity that precedes devel;)pment of a computerized system: A
systems analyst studies particulaf instance§ iﬁ which a computerized system is
to operate, idéntifying the data elements and processes that are to be compﬁterl
ized. In the Draco realm, a class .of situationsris‘; studied (Step 1) (each one of
which might be a candidate for c0mputefization) in o-rder to identify ;il of ._the
o'bjects‘ (data) an‘d operations (processes) that exist in any situatioﬁ belonging to

this domain. -~
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The result of this domain analysis is a list of the objects and operations that are
needed to specify systems in that domain.

The next actor that is involved is a domain designer, a language designer

~ who also understands how to build the domain definitions that must be given to -

Draco. - He or she then takes the domain analysis (the list of objects and opera-

~ tioncoupled with their semantic definitions) and defines a langﬁage incorporating

them (Step 2) which forms the external aspect of a domain definition. It is
sufficient to think of this as a high-level -speciﬁcation language for systems -in

that particular application domain. For example, we have domains for the

specification of systems that process standardized school tests, implement deci-

sion tables, do numerical calculations, and so on (see below).

4

'Ai; this juncture (forgetting for the moment that the domain analysis and

| design activities may have to be reiterated just like any other design and

analysis actiVities), Draco is ready to be used to help generate systems for use in
this particular application domain. (It will also be able to help generate systems
in other application domains that have been previously defined). We say that

Draco is now operational in the A domain.

Suppose now that .a'. Draco applications specialist (vevssentially a systems
ana.lyst_'who isA exp;zrt in braco) is calléd lipon to c.reate an A type system for
some specific situation (not néceséarily one of those originally investigated for
the domain analysis). He or _she: will perform a traditional requiréments analysis

and definition conditioned 'by the existence of the specification languages avail-

able in Draco. Their next step, however, will begin to use Draco explicitly by

specifying the system to be created using the domain language L A for
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applicatioh domain VA (Step 3). This system speciﬁcatidn is then fed into Draco
by a Draco systems designer (Who may be the same person) 'wﬁo is‘skilled' in the
technical use of Draco; this peréon guides Draco in the production of executable
code (Step 4). The executable code that is produced by Draco under the éuif
dance of the systems designer is then ready for installation in the user environ-

ment.

We have glided over a number of important and in some cases difficult
aspects of systems development using Draco. For example, what if the dofnain
language is -n'ot sufficient for expressing the desired applicatfon? What if Dfaco
cannot produce a system because of constraints encountered in producmg exe-

cutable code, even though a syntactlcally legal mput specxﬁcatlon is given?

- What is done if changes aredesxre_d in the target‘ system at some later date?

These and a number of more technical questions are dealt with later in this
péper or in other documents or, in some cases, are still open research questions.
For the present, however, this idealized and error-free usage pattern will suffice

for our discussions here.

Figure 5 summarizes the éteps of Draco usage. After a domain is created
(and debugged) Draco is used a number of times (often in parallel) over a long
period of elapsed fime to aevelop specific épplicat,io,n systems of ‘a particular
type. This ﬁgu_ré should actually be repliéated a »nﬁmbex; of times, one for each

domain.

Beyond its functional operation, it is important to understand the orgamza—

tlonal context in which Draco is mtended to be used; this is illustrated in a
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A= APPLICATION ANALysis “
B= APPLICATION SPECIFICATION IN DOMAIN LANGUAGE.
C= QENERATION OF APPLICATION SYSTEM

Figﬁre 5: Summary of Draco Usage

partial SADT model in Appendix 1.* Several assumptions about Draco must be

made explicit:

- Draco is intended for use in situations in which numerous, _
similar systems will be created over time (e.g. payroll systems,
project scheduling systems, educational programs, etc.);

- For a given application domain (e.g. statistical report generation)
an analysis of this domain must be made and defined to Draco before
it can be used to generate programs in the domain;

- It is not a fully automatic program generator, but rather aids the
system creator in an interactive manner. (The amount of interaction
can be kept small, however.)

*Due to Neighbors [1980].
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OPERATIONAL RESULTS TO DATE

‘Draco was first developed by Neighbors [1980], further improved by him in

~ its implementation [Freeman,r 1984] and is still a research vehicle for exploring a
number of concepts. Ultimately, it must be possible to measurev its success
against regulér systeni development procedures. The largest system generated
so far consists of approximatély 1000 lines of LISP code prodUCed from about 100 _
Iinés of specification. At this stage, however, it is not a productién tool and

results must be measured more qualitatively.

Key to the eventual success of the Draco approach is the existence of an
effective library of domains that can be built upon. Examples of domains built

so far include:

1. Fully developed domains (parser, prettyprinter, transformations and
refinement library exist)+: : '

ATN: Afugrnented Transition Networks
DIC: Dictionary construction

" GEN: GENeration of sentences in natural language (subset parsed
by the ATN domain with words in the DICtionaries generated -
. by DIC. :

TASK: Limited facilites for simulation parallel processing
RML: Reuse Module definition Language

2. Partially developed (lack transformation and refinement libraries):
I18080: CP/M, assembly Intel 8080 domain

- ASM: A general assembly language - low level operating system
language ~

PL:  Simple programming language for demos and testing.
STA: Standardized Test Analysis
TDG: Tactical Display Generation
3. Domains that pertain to the Draco “infrastructure” (fully operational):
PARSER Generation ‘ ‘

+All of the domains in class 1, with the exception of RML, were developed by Neighbors
in his thesis. '
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TACTICS Specification
Refinement Libraries Construction
Transformation Libraries Construction

T Prettyprinter Generation

Disc_ussionA of _the'domain. constru'ction aspect of ‘Draco is quite involved
Because of the compleﬁc'nature of the task aﬁ_d fhe connections to several other
areas (artificial iﬁtelligence; laﬁguage design thedry, data modeling, .and so on).
’I.‘hi's t;)pic is the.current focus of éur researcfx, but will no_t be further discussed

here.

Likewise, the operational aspect of Draco (its physical construction) needs
to be thoroughly analyzed and understood. This, too, will be treated elsewhere.

HOW DOES DRACO WORK?

Pursuing the model of Draco given above -- a black box that takes system

~specifications written in high-level languages and pro_duces\ executable (or com-

pilable) cddg -- we need to indicate briefly how thié is done. Bear in mind that
there are two distinct phases of Draco operafion: domain set-up;and spect fica-
tion refinement. |

The domain set-up phase is when a domain language is defined to Draco in
an operatlonal way. During this phase Draco employs meta-compiler techniques
similar to the META II procedures descrlbed in [Schorre 1963] The primary
thing of note in thxs phase of operation is the fact that the domain designer has
avaxlable several languages (PARGEN PPGEN, TFMGEN REFGEN) to deﬁne

new domams to Draco. We will not be further concerned here with the

- domain-setup phase.
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In order to understand the operation of Draco in the specification
refinement phase, lét'us look at its internal logical structure. Figure 6 portrays
the four elements of a domain inside Draco: a parser and a pretty printer for

the domain language, a set of source-to-source transformations on the language

DOMAIN LANGUAGE

PARSER AND
PRETTYPRINTER

SQOURCE - SOURCE,
TRANS FORMATION S

COMPONENTS

F_igpre 6: Elements of a Domain

used to optimize or otherwise change expressions in the language, and a set of
components that provide the semantics of the language.

These components a.re.the~key to Draco’s ability to generate code. Essen-
tially there is a COmponent‘ for each type of operation and type of objeét in fhé
domain language. Ea.ch of these small programs (or set of data dec_larafions)
may be written in any language known to Draco, including thevlanguage qf the

domain itself. There may, in fact, be several alternative components for a given



-17-

element of the domain langﬁage‘ (we are using ‘“‘domain language” and
“specification language” interchangeably) ‘which can bé éhosen‘dependihg on the
objectives of a particular system construction task. We say that the component
provides a re _fz'nement> of the partiéular construct in the languag(;, into th-e other
ianguage. |

The transformations afe useci to change the form of an expression in a
domain language either to gain a desired performance characteristiq (e.g. greater
accuracy at the expense of speed) ,-or to put it in a form more .'amenable to
reﬁnemént into another domain. While quite important, it is not necessary to

our purposes here to describe further this aspect of Draco’s operation.

The basic logic of Draco’s specification refinement mode of operation can

now be easily described: Given a system specification in a particular domain

- language, appropriate parts of the specification are chosen for refinement and a

refinement épplied. Assuming this can be done (no constraints are violated) this

refinement results in a new speciﬁcatioh in which some'pa.rts" of the original
specification have been logically replaced by their refinements. This process is
iterated until the entire speciﬁcatioh is expressed in the desired target domain
(usually one whose language is executable) or appropriate refinements cannot be

found. This logic i$ displayed in Figure 7.
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. ‘C(‘)N.CEPT‘UAL ANALYSIS OF DRAQO
The previous part hé,s reviewed i;he» operntion of Dracdi in this part we will
analyze braco conceptually a.n,d,relnte its observed capabilities to some impor-

tant principles of software engineering.

Artifacts are often described as though they have been derived from princi-

‘ples in a“to'p-down fashion. As most of us are well aware, that is seldom the way

things happen. Thus, it is important to understand that what we are doing in

this section is analyzing and trying to explain the reasons underlying Draco in

an ez post facto manner, not describing precisely how it was created in i;he first
place. (However, that does not mean that these principles were not ex‘plicitly‘
used). «

‘We begin this sectvinn with a brief .,discussion of software engineering objeg-
tives and then follow with nui' analysis. The analysis centers on'showing the
relationship between six import_ant SE objectives and four primary mechaniSins

found in Draco.

CONCEPTUAL CONTEXT OF DRACO

Software engineering is concerned with a number of objectives, including:

- meeting current customer/ user needs economically;

- increasing system quality;

- providing tools to increase the intellectual capabilities
of system developers in order to meet future needs.

A number of approaches are being pursued to reach these objectives, including

the creation of software engineering environments, the application of artificial

intelligence techniques, retraining of personnel, development of automated toolé,
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.utilization of mathematical techniques, and so on. The Draco technology cannot
be completely contained in any one area (just as many of those areas iﬁ fact
ow‘ferlap)- and if would be a mistake to do so. (It is important to remember that
we identify "areas" primarily for pedagogical or professional reasons). -

- In general terms, Draco is a long-range a.ttempt» to build a prdduction-
quality tool fdr the working software engineef. If incorporates important con-

cepts from sgveral areas, including language design, lan_guage translafion, infor-

mation modeling, specification methods, heuristic techniques, and automatic pro-

gramming. It is anchored in the traditional system specification and code pro-
duction phases of the lifecycle so that it does not totally change the common SE

pattern. Its use of Al (such as pattern-matching techniques and semantic net-

- works) is important, but may not be recognizable by AI researchers; thus, we

would not stress that area.

Its relationship to the area of resuable softv’v_are engineeriné is that it pro-
vides a mechanism wheréby we may feuge tﬁe results of analysis and design more
easily. Specifically, we are able to capture and reuse a deep underétanding of an
appiication area (analysis inforrﬁation) throﬁgh the design and utiliz;tion of
domé.in languages.* Design knowledge .is captured in the componenfs‘ that pro--

vide the semantics of the domain languages.

‘The following sections will make these connections more explicit.

*The discipline of analyzing a domain sufficiently to permit the design of a language may
yield considerable benefit even if it is not actually used in Draco.
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CONCEPTUAL OBJECTIVES

We listed several objectives of softwé,re enginéering above_.. These are utili-
zation, or ezternal, objective's of SE in that they relate to the utilization 'of
software engineering in the broader context of creation of software-intensive sys-
tems for some larger reéson. In working with SE as a discipline, we usually focus
on a set of internal concepts that we want SE techhiqhes to possess. These

desirable conceptual properties of a SE artifact can be thought of as objectives

for Draco to reach.

Another way of looking at it is that there a.’re an established set of Aproper-
ties that people believe the practice of software engineering should have in order
to attain the utilization objectives mentioned above. For example, it is génerally
acceptéd that if a SE technique helps us use levels 6f abstr:iption that this will
advance_u's toward our goal of de@ling with compléxit};.

Our primary mode of analysis in this section is to establish a set of concep-
tual .objectives that wevwant'_ to attéin or have extaﬁt and then show how Draco
contributes to those objectives. | Our purpose in doing this is to evaluate if, and
in what ways, Draco is é. usgful SE tool. (Attainment of the utilization objectives
of lower cost, and so on, will provide the d.eﬁnitive answer to this question; how-

ever, that analysis takes much longer to achieve and does not provide informa-

tion on the source of the power of the tool).

The six conceptual objectives we have chosen to anchor our analysis are:

Abstraction levels: Being able to abstract from a situation and deal only
with a name that stands for a particular piece of the complexity of the
situation is a key concept in almost all of SE. Coupling that with hierarchy
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is a standard and necessary aspect of systems work.

Structure o f products: The software artifacts that we create must have

structure to permit us to modify them, measure them, and fit them with

other systems. A goal of most SE work is to produce well-structured sys-
tems. This concept is usually interpreted in a broad fashion so that it
includes a number of definitions of "good” structure as well as the structure
of workproducts other than code.

Systematcc processes: A key principle in all aspects of software engineering
is that of doing things in a systematic, well-ordered way

Modeling: The invisibility of software forces us to do all of our SE work
through the manipulation of models of the actual machine states we wish to
create; this basic fact extends all the way back to the requirements analysis
activity in which we build models of real-world situations.

Compartmentalization of knowledge: One of the primary contributors of
complexity is the fact that at any point in development there are many
separate pieces of knowledge or information that may potentially bear on
- the decisions that must be made. A successful strategy, borrowed from
artificial intelligence, is to break the applicable knowledge up into subsets
that permit one to deal with less information. «

Reusabtlzty Standard englneenng practice in other ﬁelds Is to reuse parts
assemblies, tests, and technlques wherever possible. The same philosophy
~ can be apphed to software engmeermg as descrlbed above.

These do not form a complete set of desira.ble properties for a. SE tool or

method, of course.* For example, a currently important objective is for ariy new

technique to be well-integrated with existing techniques in order to permit easy

‘usage of results from one technique by another. We have not included that pro-

perty here because Draco does not particularly contribute to it. We have

included those that are most heavily related to the mechanisms of Draco.

It is also important to understand that there is not uniform agreement as to

*See [Freeman and Von Staa, 1984 for a similar, but somewhat more ba.sxc set of princi-
ples
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the desirabilitv of attaining these properties. For example, some won‘ld argue.
that utilizing systematic processes in the creation of a software system may
unduly restrict creat1v1ty, mdeed this is a danger if the systematic aspect of SE
is carried to an extreme. The current 1nterest in prototyping stems in part from
this viewpoint. | |

We will not try to argue hére for the appropriateness of these particular
objectives, but rather reiy on their widespread acceptance as proof of.' their
importance to software engineering. (The interested reader is referred to [Fair-
ley, 1985], [Freeman, 1983b], and [Pressman, 1982] for discussion of their
relevance). We assume, then, that the reader agrees that it is desirable to carry
out a software er zineering activity that has these properties; Our task in the
remainder of this sec’tion .is to demonstrate in what specific ways Draco contri-

butes to these objrctives.

ANALYSIS OF DRACO MECHANISMS

Figure 8 presents a summary of our analysis of how the mechanisms of
Draco contribute to certain SE objectives. For each of four main mechanisms in
Draco, their contribution to each of six specific SE objectives is analyzed. The

remainder of this section presents our analysis by mechanism.
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MECHANISMS USED IN DRACO
CONCEPTUAL || multiple hi-level | components/ | source-to-source reflnements
OBJECTIVES specialized assemblies transformations
spec languages
permit
provide : speciflcations
abstraction references Implement N/A at one level to
levels (names) levels be converted to
to levels another level
facllitate
~ structure of force
specifications traceablility N/A structuring
structure matching of at the
of structure Individual specification
products of problems parts level
provide provide permit permit
systematle explicit focus optimizations breakup
process starting for QA in of process
polnt & design controlled Into small
assurance ways steps
direct provide provide provide
representation instantlation for for
modeling of objectives of customiza- change to
and operations | external tion of different
to be objlects modeling modeling
modeled structures levels
compartment- focus design capture permit
alization language knowledge optimization knowledge
of on captured information to be -
knowledge problem in very grouped
at hand small pieces by level
captures captures captures _
reusablility analysis design optimization N/A
Information information Information

Figure 8: How Draco Mechanisms Relate to Conceptual Objectives
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Multiple Hi-level Languages

Abstraction Igvels. Programming} langua.ges provide fciif a single 'level of
abstraction in describing compiltations via subroutine or function calls; this
somewhat rudiméntary level in the past was often furiher reduced in
effectiveness because 61’ thé i‘estrictions in length and format of the identiﬁers
that could be used. Some more modei'n languages (Ada, Modula) have improved
this situation slightly by pi'oviding mechanisms for Créaiing and naming new

operations and operands; the naming capabilities, however, are still within the

~ confines of the synta.x and semantics of the host language.

Draco'permits a directed graph of domain connections. This fully supports -
levels of abstraction since one can bui_ldi up an arbitrary hierarchy of indepen-

dent languages corresponding to whatever hieraréhy of abstraction levels is

desired. This provides for references to levels of abstraction.

For example, conceptually it might be desirable from a SE perspective i:o

establish levels of abstraction corresponding to arbitrary algebraic computations,

“calculations on data sets of real numbérs, statistical calculat'ions, and statistical

calculations on sets of feadings from a particular class of sensors. Draco would
easily provide for this through the creation of individual domain languages
éorresponding to each level of conceptual abstraction. Figure 9 portrays this

situation and illustrates how the languages created might be utilized in the reali-

zation of several domains other than the one initially desired.



- 96 -

DEVICE
CALIBRATION

SENSOR
OPERATION

STATISTICAL
CALCULATION

SET
OPERATIONS

ALGEBRAIC
CALC '

Figure 9: Example of Levels of Abstractiqn in Draco Domains

If one had to create an entire new language for each new level of abstrac-

tion, it would by a definite disadvantage.* This is the central reason that Draco

* As we gain more experience in creating new domain languages, it is becoming clear that
one often wants to create a new language out of existing languages. For example, if you had a
language for describing statistical calculations and another language for describing tabular report
formating, you might well want to create a new language formed simply by "gluing" these two
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is not well suited to one-of-a-kind development situations, but rather is intended

to be used in situations in which the overhead of creating new languages

- (corresponding to new levels of abstraction) will pay off in multiple usage.

' The advantage is the ability to create and provide the linguistic means for
manipulating levels of abstraction that closely correspond to the "natural” levels
of conceptualization that are dictated by the problem area and by the problem

solving strategies chosen by the software engineer. Because of the importance of

‘representation in design [Freeman, 1980] and problem solving [Rubinstein, 1975]

and the Acen'trality of levels of abstraction to almost all software engineering, this

is very likely the most important contributor to the power of Draco.

Structure of pfoducts. The structure of the software pfoduced using Draco
w111 be impacted in-two ways. The fact that Draco has languages closely fitted
to partlcular apphca.tlon areas will provide strong support for the 1mportant
structurlng principle that the structure of the program writte'n in the domain

language should match the structure of the problem in the domain. For

languages together. In this case, the "glue domain" is formed relatively easily by takmg the
desired language elements from the underlying domains to form the new domain.

It should be noted that there are other approaches to this problem of creating a new
language out of existing ones (whxch is different from using existing languages to implement the

semantics of the new languages since in the glue domains we are carrying over the syntax as’

well). One approach is to establish specific interfaces in the syntax of the new language that
tells the parser that the following language elements are to be parsed in a different context
(domain). The disadvantage of this is that it leads to an N-square problem requiring interfaces
between everything.

‘A second approach is to provxde an explicit domam mterconnectlon language for tying to-
gether existing domams This approach may have some advantages, but has not yet been ex-
plored.

Because Draco does not have mechanisms for dealing with the interactions between

domains at the level of language boundaries, we have pushed the problem of gluing domains to-

gether outside of Draco itself and turned it into a language design problem. The designer of a
glue domain has the responsibility to create a single notation to handle the syntax of both
underlying domains. While limited thus far, our experience indicates this is an effective ap-
proach. .
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example, if the problem consists of applicat_io’n of three basic operators and seven

suboperations to a variety of objects depending on certain conditions, this prob-

lem structure could be easily modeled in the Draco speciﬁ'cation by a domain

language that had those operations, operands, and control structures and no
bl . el

others.

The second impact is that the code producéd by Draco will not have the
same structure we have come to look for in "well- structured” programs. At a
first glance, code produced by Draco may appear to be highly unstructured.

However, there is a very definite structure in it that is dictated by the com-

ponents used to produée it rather than by the control structures of the final

implementation. While this will make the code difficult to work with by hand,
the intended modification procedure is to alter the speci'_ﬁca,tions (or com-

ponents) that led to the code and let Draco regenerate it.

Systematic process. The overall philosophy of Draco provides and enforces

a well-defined and systematic process for creating a system. The contribution of

multiple languages specifically is to provide an explicit representation for the
starting point of development, no matter the area (assuming Draco can deal
with that particular area). This is a very import'ant contribution because one of

the softest areas of develép’ment is often the starfing'point because of the

~ ahsence of any way of representing the specifications. The necessity for

representing all of the information for a particular development thus enforces a

systematic process right from the beginning.

Modeling. The specification languages of Draco provide for diréct modeling

of the objects and operations from the. application domain of interest. While in
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theory we can- always model those entities with any computéble languﬁge, the
existence of sﬁecialized languages fesults in effective wayé of carrying out the
desiréd modelihg. (Our current resea,r:ch,v as 61'1tlined. below, is centrally con-
cerned with determing thé degree of this effectiveness).

A potentially negative aspect due to this feature of Draco, however, is the
fragmentation of representation. Because Draco utilizes very narrow languages
(in applicatioﬁ scop.e),_ typicé,lly one will have to utilize several languages for a
speciﬁc modeling attémpt. How to tie }t»o.gether several languages in an effective
modeling effort is one of the primary questions éurrently bging-addreséed; as
noted above, our current solution is to create "glue domains."

| Oorﬁpartment_alz'zation of knowledge. The narrow “width" of the languages
of Draco automatically focus one’s attention on a narrow domain of knowledge.
This will help achieve the goal of compartmentalization if the boundaries of the
languages correspond to "natural” boundaries of the knowledge. If they do, then
the multiple-language feature of Draco will provide a very powerful support of

the objective of comparmentalizing knowledge.

Reusability. Ome of the goals of reusabﬂity is to make it'possible to reuse
the understanding of a problem or problem domain developed during the
analysis portion of ;ievelopment. The languages that can be créate_d using Draco‘ ‘
permit the capture and Vreuse of information about an entire problem domain.
Specifically, .the languages capture the domain analyst’s undefstanding of which.
operators and objecfs are appropriate for describing opel;ations in a.particular

domain. Later, when a system analyst picks up that domain language to use it,

he or she is then reusing the analysis of the domain originally de\}eloped by the



- 30 -

domain analyst.

Components and Ass_emblieQ

Abstraction Ieveis. Components are used to implement leveis. The func-
tion’aiity of the components in a given level implemelit the functions of that level
(an;is similarly for the objecté of the level). Another way of looking at it is that
the components pfovide the connections t'o other levels above and: below. Since
a component may be written in terms of objects and .opera.t’ions of a lower level,

this provides the connection to lower levels; similarly, the use of the functions

(implemented by a component) at a higher level provides an upward connection.

Structure of products. Components may not show up in the code produced
by Draco directly because of the refinements and transformations that may be
applied. However, through the refinement history [Neighbors, 1980] one can

trace the influence of a given component on a specific piece of code (whatever it

~may be). This provides, then, for one of the primary benefits of well-structured »

code -- the ability to find a given functional piece for purposes of change or
repair. Draco changes somewhat the traditional idea of well-structured products
in this sense since now modifications would be made at the specification level

and automatically traced down to the code level.

We could also view this as two forms of structure: Horizontal Within a level
of representation, (e.g. code) and vertical structure between levels (e.g. between

the higher-level specifications and the code).

Systematic process. The reliance on components provides a locus for the

application of design quality assurance. Further, the size of the components
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facilitates the assurance of their quality. Frdm a SE standpoint, this should help .

make the process of building a system more systematic.

Perhaps more importantly, the overall philosophy of Draco enforces a strong
systematization on the process since it fofces most internal design decisions to be
,'ma;de oncé at domain design time, not repeatedly each time a system is‘built. o
This form of struct.uri"ng of the process is hot possible if monolithic (i.e. non-
componenfi’zéd) systems are built. In effect, by utilizing many smail com-
ponents, we a;l;e able to break up the design process in a way that permits us to
carry it out once in many Small pieces (the design of the components) and then
reassemi)le that design pl;ocess in new ways (semi-automatically) wﬁen the com-

ponents are utilized.

Modeling. Components provide for the realization of the external objects
and operations to be modeled in a straightforward one-to-one manner. Further,
taking a vertical view, they provide for connection between different modeling

languages.

Compartmentalization of knowledge. Components permit us to capture
design knowlédge (about how to implement specific operations and objects) in
small pieces, as noted above. They permit us to encapsulate this form of system

knowledge in minimally small chunks thus focusing our attention. Assemblies of

components (that result from their use in a higher-level domain’s components)

~then permit us to expand the size of the chunk as desired. Libraries of com-

ponents capture furt_hér‘design informé.tion by storing alternative refinements for

operations and objects.
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Reusability. Components are the mechanism that ‘permit us to capture and
reuse design information. Each component encapsulates a designer’s knowledge

about how to implement a particular structure or function. Indeed, because

componehts provide for alternative refinements (implementations), there is the

possibility of capturing and easily reusing design tradeoff information that is not |

normaliy available in a design representation.

It should be noted, however, that there is a level of design information that

is not explicitly ca.ptlired in this manner. That is the information about the

overall structure of a particular syétem. For example, we may have a domain

language (probably of a glue domain) that permits us to describe inventory con-
trol systems. That language, while providing a sufficient set of operators and
oprerands to describe such systems, does not tell the system designer what the

overall structure of an inventory control system should be.

Source to Source Transformations

Abstraction levels and structure of products. As used in Draco, transforma-
tions do not strongly contribute positively or negatively to either of these objec-
tives. (However, transformations trade structure for efficiency in some cases,

thus impactiﬁg traditional program structure).

Systematic process. Transformations are used to effect optimizations and
changes in the representation of a specif_ication to enable other operations. This
will control optimizations and thus contribute, albeit in a minor way, to enforc-

ing a systematic developmenf process. . It is the overall structure of the procesé

that Draco supports that is the prime contributor to being systématic; in this
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sense, low-level transformations are important contributors since they permit us
to encapsulate and thus control changes to each stage of refinement (but not in

a version-control sense.

Modeling. Transformations provide us the ability to customize a pieée of
the-System representation so that we can then refine the representation into a

different modeling domain.

Compartmeﬁtalizatz’on of knowledge. Transformations provide the physical

‘encapsulation of optimization kndwledge.

Reusability. Most of the information captured by transformations relates to

optimization of expressions in the language, thus facilitating the reuse of such

~optimization information. While important, there is a higher-level of optimiza-

tion information relating to the problem domain that we believe could (and

should) be captured by transformations.

For example, it might be known that in a particular situation of in'\?entory
control, the calcuiation of expected inventory levels in the future could be
greatly simplified. If that kndwledge could be captured in the form of a transfor-
mation then if a specification were written and those conditions were present,
the transformation could be invoked to obtain the sifnpler form of the state-

ments; this would be a very valuable form of reuse of optimization information,

but one that we have not yet achieved in Draco.

Refinements

Abstraction levels. A key element of the use of the concept of levels of

abstraction in design is the way in which connections are made between levels.
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Of pe,rt:icular interest is the way in which a structure at one level is mapped into
an equivalent structure at the lower level,'since this will have a great impact on
the correctness of the final product. In this context, the use of refinements is

central to the power of ‘the Draco approach.

Refinements, of course, provide for the translation of a set of specifications
expressedv at one level of abstraction ‘i1r1to equiv,alent. speciﬁcations at lower levels
ef abstraction. There are several key aspects to the way in which this Draco
mechanism contributes to our ability to utilize levels of abstraction. First, their
form permits us to incorperate multiple reﬁnements, giving us 'alternative con-

nections between levels of abstraction in a controlled manner.

For.example, normally we might want a particular computation in an appli-

© cation language to be refined to a functional language. However, we might also-

want a refinement avaiiable directly to a procedural language for use in special
cases. Draco’s usage of refinements permits this, providing a rebfesentation for

the alternatives. This should be compared to the usual pregramming language

situation in Awhich direct references through a level of abstraction can cause

difficulties or to the usual design situation in which normally there is no

representation available for the alternatives.

A second very 'important aspect is that the refinements are done by Draco
(with human guidance), thus providing more rigor and correctness in the actual

refinement. This is one of the weak linkslin the usual top-dvown' refinement of a

-'design in which refinement from one level of abstraction to another introduces

errors. However, Draco has no mechanism to force this and does not check pre-

conditions for the reﬁnements. :



-35-

Structure of products. Most structuring of SE workproducts btakes place at
the level of the code (in the éense of sfructured_ progranis); this is what we called
“"horizontal étrqcture" abové. While code produced by Draco has some definable
sfructure, it is ﬁot the structure that obeys one-in, one-out ruies. Draco thus
forces "vertical structuring,” or structuring of thg specifications from which the
code is p.rorcriuced.

: Systcmati‘c process. Refinements are the main mechanism that permit us to
bféak the development process up into sxlnall,' weli-deﬁned steps in Draco. The

process that is broken up, however, is not the traditional lifecycle (that is

addressed by the overall Draco approach), but is the process of taking high level

sppciﬁcatioﬁs and converting them into executable code.

Modeling. The contribution of refinements to modeling is to permit change
of a model to a different level. In essence, this is the same as the conversion

between levels of abstraction.

Compartmentalization of knowledge. This is another key area in which the
mechanisms of Draco contribute directly to the desired SE objectives.
Refinements, because they permit us to have languages at multiple levels, permit

us to group knowledge by level of abstraction (distance from the machiné) as

well as by type of content (division into domains). For example, this permits us.

to suppress details of a parficuiar computation or operation.

Reusability. 'Reﬁnements permﬂ: the reuse of language elements at a higher

level, but this does not directly relate to the objective of reusable software

engineering as explained above. -
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.~ IV. CONCLUSIONS

As noted in the opening of this paper, our primary purpose here has been to
lay bare some Qf the connéctions between the mechanisms of Draco and princi-
ples of SE. Thus, there are no stnftling conclusions to be dréwn, as mighn be
the case if we had been analyzing an exnériment. There are several points, how-

ever, that we believe are illustrated and supported by the analysis just given.

First, Draéo provides an environment in which several important mecnan-
isms c:-m.- work together nroductively to .achiéve a co.lléction of objectives. It is
not just an engine for applying source-to-source transformations or a‘nleté;
compiler or a ljbrary for small pieceé of code. Rather it incorporates all these
plus more. Our analysvis has looked at thé individual contributioné primarily,
but scanning across a now in Figure 8, you can see howl several mechanis‘ms work
together to achieve a given objec.tivve.' For example, the various aspects of
modeling are provided by the combined efforts of .hi-level languages, compbnents,
transformations, and refinements. | |

A related point.is that we .can’t really judge the validity of these mechan-
isms until we have truly operatidnal results to report. While Draco currently
provides some interésting prototype behavior [Neiéhbors, 1984] the analysis only
shows connections, not utilization power.

While it may not be entirely evident, this analysié hei_s left us with the dis-

tinct impression that current mechanisms such as those presented here are rela-

tively powerful. For example, the transformation technology being utilized does

not appear to be a hinderance to achieving the objectives listed. Another way of -
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expressing this is to note that we believe quite a lot of power can be obtained

from current mechanisms and that perhaps we should put more effort on utiliz-

ing what we have (although not to the detriment of continuing the search for

new structures in computer science).

In reﬂecting on the analysis as presented, it seems that the first three objec-
tives presented -- abstraction, structure of products; and structure of process --

are relatively straightforward; that is, we know how to achieve them. This is

supported by the fact that the characterizations in Figure 8 for those three

xobjectives (for the contribution of languages, components and so on) are sraight-

forward and definité; we can readily understand them.

The next three, however, -- modeling, comparmentalization, and reusability.
are not so clear in their connections. Partly this ié a result of the fact that they
are more complex objectives; Sut, it is alsovthe case that considerable work
remains to Be_dbne on achieving ‘them (in the context of Draco as well as more
generally). |

That leads us to the final conclusion: DealingA with kno_w}édge (as
represented by these last three objectiveé) is an objective that is far from being

obtained in SE. Put another way, we believe this analysis h_ighlights a more

" general situation; namely, that even the careful application of some poWerful

mechanisms intended to deal with knowledge manipulation raises more Questions.

than it answers.
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- V. RESEARCH DIRECTIONS

Consistent with the purpose of the paper, let us briefly indicate in closing

some needed research that will further the Draco technology:

- /Specialized languages_ are only as effective as their capture bof feal-world
knowledge. The connections shown v_in Figure 8 will be worthless if we can-
not effectively create the languages in the first place. Though not dicussed
in this paper, this is in our estimntion the primary research need with
respect to development of ‘the Draco fechnology_ and the ene on which we
are concentrating. How to do domain analysis, how to partition knowledge
into domains, how best to combine languages -- these are all questions need-

ing a great deal of study.

Neighbors [1980] pointed out in his thesis, and we strongly agree, that a ' -
potentially powerful application of transformations is to capture

npplication-level chnngee in Systern (or vperblem) description t'o effect major

-economies in system generation. Tnis issue has not been attacked in'any |

' systema_tic way. N |
- Refinement histories, enabling a replay of a reﬁnemenf sequen_ce, would pro- o
vide an essential part of a production-quality Draco. .How to'nse such his-
tories eﬂ”ecfively has not been exploned’at all. Likewise, while reﬁnenlent
tactics (that antomatically eguide‘Draco in making local reﬁnement deci-
sions) are oi)erational, there clearly is a need for strategies that eould be
‘utilized .to é’uide ant‘omatically entire reﬁnement sequences; this,_ too, hae

not been explored.
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‘There are a multitude of other open research questions relating to Draco
technology, its operation, and its utilization. Indeed, the aﬁalysis presented here
should serve to highlight and delimit the connections between specific mechan-

isms and objectives so that these questions can be readily determined bvy others.
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APPENDIX I

MODEL OF THE USAGE CONTEXT OF DRACO

The SADT model presented in this appendix, taken from [Neighbors,
1980] describes in detail the organizational context of the intended usage of
_Draco. The model also illuétrates the steps of using Draco that are
described above in Part II.‘ If you are not familiar with SADT, a description

can be found in [Ross, 1977 and Ross and Schoman, 1977].



f .

Twiad £q psos)

*UOTSS

*s10quy3ToN ‘W sauwel Tg6T 3Iydtiaddo)n

CREATE SOFTWARE SYSTEMS (CONTEXT)

USED AT: AUTHOR: jameg M. Neighbors DATE: 15_0CT-80 |_|WORKING _ JREADER __ DATE CONTEXT:
PROJECT:: Draco 1.0 . REV: 4 DRAFT N
’ ‘ |RECOMMENDED
INOTES: 1 2 3 4 5 6 7 8 9 10 MPUBLICATION
areas where there is a demand
for many similar systems
‘ .
organizational information about different
goals problem domains
system software
: —) create software systems ——P
requirements system
(DRAD2)
Purpose: To show the use of Draco within an
: organization which creates software systems.
Viewpoint: A researcher attempting to increase the productivity
of the organization through the reuse of analysis
and design.
NODE: A-0 TITLE:

'[NUMBE R:

DRAO} [_




A

Twiad £q pasq

*UOTSS

USED AT: AUTHOR: es M a i DATE: —0OC'T— WORKING ~ JREADER DATE CONTEXT:
Pnomct:Jam . Neighbors REV: 15-0CT-80 oRAFT i x
Draco 1.0 3 = . - —
B i RECOMMENDED e
NOTES: 1 2 3 4 5 6 7 8 9 10 PUBLICATION

Cl organizational
goals

C2 areas where there
a demand for many
similar systems

determine
domains o
interest

is

a problem domain in which the
organization is interested in
producing software

. research

library of domain analysis reports and
domains which have been described to Draco

: // the
C3 information about ’ domain

*s10qU3TaN ‘KW sawep T86T 3Iydtaddop

different problem . Draco library
domains (DRAO4) of domains ]
onstruct ’pl software -
a system
: software
Il system system 3
requirements (DRAOD3)
‘\q\\experience with building
systems in a domain
: : ‘ : NUMBER:
NODE: 20 TTLE: CREATE SOFTWARE SYSTEMS I_ DRAO2

—

A



. [UseD AT: AUTHOR: James M. Nelghbors DATE: 15-0CT-80 | _IWORKING . |READER DATE CONTEXT:
, . PROJECT: braco 1.0 REV: 3 JDRAFT N ]
’ RECOMMENDED
INOTES: 1 2 31 4 5 6 7 8 9 W0 PUBLICATION |

Cl domain of
interest

11 information about
the domaip

domain analysis

. . >01 domain énalysls reports
12 experience ‘

omain analysis report with

's;0¢1q8?au R semer TgeT IuBTikdop

with building
systems in enough detail to construct
the domain a domain
domain under construction /
. L ) : construc errors and unmet needs = -
szj - > a 142
‘3 librarﬁf ’ domain
, domain analysi possible target 2 .

' reports and _ domains for (DRAODS) \
o lhvailable Dracd refinements DRACO test _
g domains , and the . ysuccessful - &

% { ‘ domain domain test
o ) designer 3] !
~ 1
e} .
® acceptable 4
‘ g domain i )
He \ ) add
3 K; . : ] domain’ to
N qg‘\\' 4 librafydl 02 Draco domain
. ? full Draco domain library library

«

NODE: ’ FITLE: NUMBER:
A2 RESEARCH THE DOMAIN | DRAO4




‘uorsstwiad Aq pas(q

*s10qu3TeN ‘W souwer 1861 3y3Taddo)d

aggregation to use 1
in printing internal

between the
objects and

USED AT: AUTHOR: James M. Nelghbors DATE: 15-0OCT-80 |_|WORKING READER DATE CONTEXT:
PROJECT: Draco 1.0 REV: 3 D A
RECOMMENDEDY =
NOTES: k R 2 4x % & 8 %10 PUBLICATION ]
Cl domain analysis report including
. detail to construct a domain
- N
external and logical scoping and ,J—relationships | s~ prose description
internal form(1) 9

of the semantics
of domain objects

A22

CONSTRUCT A DOMAIN

create . form[3) operations{5) and operations|7}
domain |4 . ~N
parser, /ﬂf’ ﬁi
domain
PARGEN l::g:ige domain,
?2' create prettyprinter
domain ‘./(41 \_ 5
giiﬁ:g; 2 domain —‘w (701 domain
: J i’ transformatiqn parts /
PPGEN create ‘.Illbraryls ‘) errors in
transfor- b parts
mation N
The following notes list the extension library 3 ~ )
of the files which capture the associated XFMGEN '
information.
1.DEF 2.PAR transformation =resfe A5 domain
3.pPD 4.DPP catalog component| ¢o component
5.TFM 6.TLB librar libraryl(8]
7.REF 8.RLB Yo
I1 possible target
' domains from Draco
9. All of the mechanisms shown on this library for 15EFGEN
diagram are the names of Draco subsystems. refinements
NODE: TITLE: NUMBER

DRAO5




[UseD AT [AuTHOR: DATE: 35_0CT- WORKING READER DATE CONTEXT:
PROJECT: g‘;’:ﬁz ?'oNelghbors REV: :1,5 0CT-80 |- NG . |ReADER____ DATE

NOTES: 1- 2 3 4 5 6 7 8 9 10 PUBLICATION

overview and successes Cl Draco library of dohains_
of the varions Draco

domains

choice of details of the
gross me thod .avalilable domains
details |determine { S _ )

method of

11

*s10qu3TaN "W sawer T86T Iy8Ti4do)

creation software systemﬁ\ choice to build
system refined by - a custom system
requirementg choice to build using Draco\\h\“ 4 from scratch .
a Draco domain . : »01 software
N system
fine \
details (DRAOG) - a custom )
1 DRACO - Y 5 one-of-a-kind '
L» _ , ' construct] software system’ B~
_ » a custom ~
: system 1
craftsman experience

with the domain

/L . ’02 experiencé with
building system

experience with a " in the domain
Draco domain

‘uorsstwiad £q posn

NODE: T ) NUMBER:
l A3 : HLE: CONSTRUCT A SOFTWARE SYSTEM l DRAOJ -




S USEDAT: -~ [AUTHOR: janeg M. Neighbors = OATE: 15_ocT-80 |_|WORKING TREADER DATE CONTEXT:
g PROJECT: [ 1.0 REV: 3 . DRAFT

5 , RECOMMENDED ~~ ™

0";’ . NOTES: 1 2 3 4 5 6 72 8 9 10 HPUBLICA“ON

=2

" I1 detailed system requirements

o

0. L

= .1 choice C2 details of the available domains ‘ w :

(& of

g Draco \

) domain syntax of C

n domain availability of avallability and

4 state language | - domain parser +— restrictions on

° rgts. in [g ' and transformations

4 _domain transformation and components

e library

a

g parse

o - to

g internal | - ' refinement

. domain language form 2 record

program / : A 4 -

o) _ syntax errors PARSE - ’transform

- . and refind v

(a9 internal ] . source
o ( l 3 : code
< domain language (DRAO7) - +

g internal form TFMREF & test

o with suggested gsystem resulting

B' transformations specialist system ol

;° source codde for : 4 acceptable
17 l,s—operations are poor — L —<p an executable software
] ’6" wrong in domain performance target language system
g9 . language program problems : )

- _ \ .

\problems with the resulting system

_87—

NODE: ) TITLE: ) -INUMBER: : ’
A32 CONSTRUCT SYSTEM USING DRACO DRAO6 [




. . -
'

9 USEDAT:  [AUTHOR: 3.0 M Neighbors DATE: 15_0CT-80 | |WORKING __ [READER ___ DATE CONTEXT:
. PROJECT: [ 175 " ‘ REV: 7 |_|onasy .
. RECOMMENDED|
ODQ_. NOTES: ¥ 2 3 4-5 6 72 8 9 10 PUBLICATION
rt ] .
S 11 original 12 poor performance ‘ transformation Cl availability and
o 1nterna} in refined system ' application restrictions on
o form policy i . transformations
n‘—,‘ : domain selected ' . :
= : choose ) )
U] .
[0 a - .
z 'domain transform .
: 1 ‘domain internal
instance ¥ q form )
z : : transformed
o DOMAIN choose chosen | internal - ‘
H- ) an locale : form .
3. instance TRANSFORM
o’ 2 .
:'_:'1 ; . .
® INSTANCE choose component [ €1 '
] a application |- _availability and ~
o locale policy /restrictions on Xe)
3 omponents
D . AN comp .
. current- possible LOCALE :
: .3:' : internal ' instances . 01 refinement
. form R of the domain | . . record
o 1 ) in the current refinement <] refine - :
- - ———
g _ internal form " tactics \ b internal : — t
B ’ form , x :
(7] . ) 5 02 source code
2. : current - for a target
Q domain o REFINE . .executable
2 ‘ instance language
i ‘ ‘ current internal form il refined internal
_ \ \ 5 ‘ ) torm
1. all mechanisms are commands to the TFMREF subsystem
NODE: TITLE: NUMBER:
A323 TRANSFORM AND REFINE INTERNAL FORM . DRAO7? I






