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Abstract

The Demeter™ systemis a CASE (Computer-Aided Software Engi-
neering) tool designedfor the developmen of large software projects using
a new software design methodology which focuseson growing rather than
building software. We describe the software development processas one
of growth and ewolution as opposedto building and rebuilding because
most complex objects in the real world are grown and not built. Since
software designis obviously a complex processthis new paradigm may be
helpful in unraveling some of the problems assaiated with current soft-
ware design practices. Demeter begins by providing an ideal environment
for the sprouting and nuturing of a seed (class dictionary) into a plant
(large scale software project). In addition, through the combined use
of object-oriented programming technology, and parameterized classes,
Demeter provides a facility for the reuse of software which was developed
in previous software projects.

A short form of this paper was published in [LR88].

To appear in Journal of OBJECT-ORIENTED PROGRAMMING , Vol.1,
No.3, 1988.
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1 Intro duction

The primary purpose of the Demeter™ system is to provide a medium for
ecient growth and ewlution of large scale software projects. We describe
the software dewvelopmert processas one of growth and ewolution as opposed
to building and rebuilding becausemost complex objects with few repetitiv e
building blocks are grown and not built [Mil71] [Bro87]. Examples of theseare
plant and animal life. Software, being a very complex creature, should not be
built from bits and piecesof inanimate code which is sewntogether and shocked
into life with a marathon sessionof debugging. A creature created in suc a
fashion is assured of sharing the same fatal aws as other creatures created
in this fashion (e.g. the Frankenstein® monster). Instead, the software plant
should be grown from a small but animate sprout. At ead stage of growth
the creature will becomemore complex but will always exhibit characteristics
appropriate for that stage of developmert.

Demeter, appropriately named for the Greek goddessof the earth, provides
an ideal environment for the planting of a small prototype system (sprout) and
its nurturing into a fully developed software system. In addition, Demeter pro-
vides the necessaryfacilities for grafting whole or part of previously developed
software systemsto the new systemor even grafting the new systemonto a suit-
ably developed root stock (a parameterizedclass). The Demeter systemcreates
such an ervironment by marrying object-oriented programming techniqueswith
a common data structure description language and the concept of parameter-
ized class. Through the use of this ervironment, large software ervironments
can be grown from humble beginnings, borrowing at eat stage of developmert
the experience(code) gainedin any previously grown projects.

The Demeter system makes extensive use of parameterized classes.Param-
eterized classesare best thought of as generic software modules which can be
used and reused by a large assortmert of projects so long as they are of the
samespecies. We considerthe relationship between parameterized classesand
software projects to be similar to the relationship betweenroot stocks and fruit
trees. A root stock is a tree grown solely for its roots. The variety of the tree
is typically winter hardy and diseaseresistart but otherwise uninteresting in
fruiting habit. This root stock is used as a strong generic rooting system for
trees of the same specieswhich have spectacular fruiting habits but poor im-
munity to cold and disease. We graft the desired variety onto the root stock
and get a superior tree. We could have produced suc a tree by yearsof selec-
tive breeding within the desired variety, but by using the root stock we save a
signi cant amourt of time. The parameterized classesof Demeter have much
in common with root stocks. They provide a base of software with somevery
desirable properties. We presert seeral clear examplesof these constructs in
the appropriate section below.

1The American Heritage Dictionary de nes a Frankenstein as\An agency or creation that
slips from the control of and ultimately destroys its creator".
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2 Demeter Class Dictionaries (The Seeds)

All large software projects should begin with a description of the underlying
data structure. It is the underlying data structure which is the badkbone of any
software system. A poor designat this level is the shortest road to disaster. In
Demeter, the rst stepin designinga software ernvironment is the construction
of a classdictionary. The classdictionary is a natural description of the object
hierarchies which make up the underlying data structure. Demeter classdictio-
naries are de ned by an LL(1) language whose description appearsin a form
similar to EBNF. Any actions which are to be carried out in the \program" are
reducedto manipulations of the object hierarchy. The macdine readable data
structure is automatically generated,along with an abundanceof support soft-
ware, by the Demeter system. When a user describes his or her data structure
abstractly, he or shegainsthe advantage of having a commondata structure for
all software projects. This allows for the building of a facility for reusing any
software previously written in the Demeter system regardlessof the nature of
the old software project.

The Demeter systemis currently implemerted in Franz Lisp/Fla vors. In this
implemertation an object hierarchy is built out of Flavor instancesand object
manipulations are written as method de nitions. The Demeter system could
be ported to any languagewhich has facilities for de ning objects and classes
of objects, instance variables attachable to an object or class,and a multiple
inheritance medanism. The porting of the Demeter system to the following
languagesis now under review: Objective-C, C++, Common Lisp (CLOS), PC
Schemewith Scaops and Prolog with an object-oriented extension.

Many complex classdictionaries have been written, tested, and developed
into full edged software systems. We begin by constructing a classdictionary
which represens a real world system, namely, a meal. We rst construct this
classdictionary in English and then transcribe it into the languageof Demeter
in order to illustrate the naturalnessof the system.

At somepoint in de ning a classdictionary we must decidewhat we consider
to be atomic objects. In a meal a steak might be consideredatomic sincewe are
not interestedin breaking the meat down into its molecular structure. A shrimp
cocktail might be consideredby someto be atomic, but for the purposeof this
examplewe assumethat we are ignorant of the notion of a shrimp cocktail and
needto breakit down further. Atomic objects are presenied asterminal symbols
in our grammar (typically strings). We de ne our meal as follows:

1. A mealis an appetizer, an ertree, and a dessert. While a dessertmay be
consideredoptional in many households,we considerit a required part of
a meal.

2. An appetizer is a melon or a shrimp cocktail.

3. A shrimp cocktail is lettuce, one or more shrimp, and possibly cocktail
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sauce.
Cocktail sauceis ketchup and horseradish.

An ertree is a steak platter or a baked stu ed shrimp platter.

A steak platter is a steak and the trimmings.

A baked stu ed shrimp platter is a stu ed shrimp and the trimmings.

The trimmings are a potato and two veggies.

© © N o g &

A veggieis carrots, peas,or corn.
10. A dessertis pie, cake, or jello.

11. We assumethat the following items are atomic and need no further de-
scription: melon, shrimp, lettuce, ketchup, horseradish, steak, stu ed-
shrimp, potato, carrots, peas,corn, pie, cake, and jello.

The decisionas to whether an object is atomic or built up from other objects
is not only domain speci c but also specic to the personperforming the data
abstraction.

Each of the elewven descriptive phrasesfalls into one of three categories. Ei-
ther we are constructing an object in terms of other objects (a construction
production), or we are de ning an object as being an ordered collection of zero
(one) or more of another object (a repetition production), or we state that an
object is one of seweral possibleobjects (an alternation production). Examples
of thesethree object descriptions are shavn in Demeter notation below.

Construction  An elemen of classA hasa rst part which is an elemen of
classB followed by an elemern of classC, possibly an elemen of classD,
and an elemen of classE.

A=BCI[D] E.

A construction class may inherit from another construction class. An
elemern of classX hasa rst part which is an elemen of classX followed
by a secondpart which is an elemen of classZ followed by all parts of
classA.

X =Y Z *inherit* A.

Rep etition An elemert of classA is a collection of zero (one) or more elemerts
of B.

A~{ B}
A~B{ B}
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Alternation  An elemen of classA is either an elemen of classesB or C or D.
A: B| C| D.

If the alternatives have common properties, we use alternation with im-
plied inheritance. An elemen of classA is either an elemen of classB or
C and both B and C have two parts, the rst being an object of classX
and the secondan object of classY. (X and Y are the last two parts of B
and C.)

A: B| C*common*XY.

Many times we want to add keywords to our object descriptions. These may
be necessaryto satisfy the LL(1) restriction on the grammar or may be usedto
\sweeten" the syntax of a classdictionary. In any evert they have no e ect on
the object hierarchy descriptions. The Demeter systemguaranteesthat all user
produced code is completely shielded from the concrete syntax. This implies
that the input languagefor an object hierarchy can be modi ed to the whims
of the user with no risk to the reliability of the system. This modi cation can
be done at any point in the system developmert. The only restriction is that
the structure of the underlying object hierarchy must remain static. Below are
examplesof construction and repetition productions which demonstrate where
concretesyntax can be inserted into the object descriptions.

Construction  Pro duction

A ="a" B "followed" "by" "a" C
"inherits-from-Q"
*inherit* Q
"end-inherit"
['maybe" D "I"
"followed by" E.

Rep etition Pro duction
A ~ "first" B
{"prefix*  "String" B "suffix"}
"terminating".

Alternation  Pro duction

Fruit : Orange | Apple
*common*"weight" <weight> Number"terminating".
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Many classdictionaries make use of descriptive labels in their construction
productions. A descriptive label is anidenti er which is enclosedn anglebrack-
ets and preceedsa given nonterminal. The sole purposeof descriptive labels is
to renamea sub-object in the classdictionary. This renaming is required if two
(or more) of the same nonterminal are identied on the right hand side of a
construction production. The following is an example of such a production, it
de nes an object A which is comprised of two B's.

A = <first> B <second> B.

The other casein which descriptive labels are often usedis with classterminals.
When a classterminal is usedwithout alabelit is not descriptive. We uselabels
to make the objects more self describing. The following exampleillustrates this
point.

GradeReport = Ident Number.

is not self describing. The following is semarically equivalent but makesthe
classdictionary, and any methods written for it, easierto read.

GradeReport =
<studentName> Ident
<testScore> Number.

It is important to note that the object stored at a symbol position remains
the samewhether or not it is labeled. The labels are used only for descriptive
purposesand are analogousto the renaming of variables. Labelsare alsousedto
override instance variable typesin connection with inheritance in construction
or alternation productions. (We useclassand type as synoryms.)

A = B <label> K.
X = D *inherit* A *override* <label> L.
M: P | Q*common**inheritt A *override* <label> L.

An elemen of classX is an elemen of classD followed by all elemens of
classA. The type of the instancevariable called label is L and not K. An elemen
of classM is either an elemen of classP or Q. Both P and Q have in common
all the instance variables of A, with the type of instance variable label changed
to L.

Certain instance variables are inherited by all objects. The instance vari-
ables attribute and father are inherited by all Demeter de ned objects. The
instance variable attribute is an application speci ¢ variable which can be used
to \decorate" the objects. The latter instance variable is usedin constructing
badkward pointers in an object hierarchy. There are alsosomeinstancevariables
which are inherited by certain classesof objects. All repetition objects inherit
the instancevariable child. This instancevariable cortains a list of the repeated
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universal
[father,  attribute]

construction repetition terminal

| [child] [val]

I I I

I I |----=]------- I

I I I I I
construction repetition Ident Number String
classes classes

Figure 1: Classhierarchy organization

objects usedto de ne the repetition object. In addition, ead classterminal
(i.e., Ident, Number, String) inherits the instance variable val which cortains
the value of the identi er, number, or string (respectively).

The instance variablesfather, attribute, child and val are attached to classes
as shown in Fig. \Class hierarchy organization". Each repetition classinher-
its from classrepetition and ead construction classinherits from construction.
Class terminals (e.g. Ident) inherit from terminal and all three classes:con-
struction, repetition and terminal inherit from universal.

The description of our meal in Demeter notation is as follows:

Meal =
"Appetizer:"  Appetizer
"Entree:" Entree
"Dessert:" Dessert.
Appetizer : Melon | ShrimpCocktail.
ShrimpCocktail = Shrimps Lettuce
[CocktailSauce].
CocktailSauce = Ketchup HorseRadish.
Entree : SteakPlatter | BakedStuffedShrimp.
SteakPlatter = Steak Trimmings.
BakedStuffedShrimp = StuffedShrimp
Trimmings.
Trimmings = Potato
<veggiel> Veggie <veggie2> Veggie.
Veggie : Carrots | Peas| Corn.
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Dessert : Pie | Cake| Jello.
Shrimps ~ Shrimp {Shrimp}.
Shrimp = "shrimp". Melon = "melon". etc.

We cannow input this classdictionary to Demeter and generatean ervironment
skeleton. We canthen createobject hierarchiesrepreseiting meals,e.g. an input
of the form

Appetizer:  melon
Entree: steak potato carrots peas
Dessert: cake

de nes a meal. This example demonstratesthe straight forward translation of
our conceptual understanding of a meal to the Demeter notation. The repre-
sertation of a system by a hierarchy of object descriptions is very natural to
people.

3 Sprouting and Fertilizer

Once the seedof a project has been establishedwe needto produce a working
system from it. In addition to producing this small working system we would
liketo provide alarge quartit y of support code to aid the early systemin its rst

stagesof growth. It is known that ead plant in the agricultural world grows
best when an applied fertilizer was developed speci cally for the given plant.
Similarly, ead system responds best to a set of utilities built speci cally for
the classdictionary. This set of utilities (fertilizer) is produced by the Demeter
systemthrough a seriesof software generationsteps. In thesestepsthe following
utilities are generatedor provided generically from the information storedin the
classdictionary.

The classde nitions for ead object de ned in the classdictionary. This
freesthe userfrom learning the syntax of de ning classesand freesDeme-
ter from being totally dependent on its underlying implementation.

A setof methods for pretty-printing a hierarchy of objects. It is considered
advantageousto have data which is self-describing. In Demeter, the type
de nitions specify the external represenation of the objects.

A setof methods for \drawing" a hierarchy of objects. The current imple-
merntation is a simple hierarchical sketch of the object hierarchies. Later
implementations will include graphicsto give a more aestheticimage.

A scanner/parser for the LL(1) description of the classdictionary. This
software allows the userto have a hierarchy of objects built from an ASCI|
input le which contains the description of the object hierarchy written
in the LL(1) language.
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A structure-directed editor which allows the userto build a hierarchy of
objects by answering questionsabout the hierarchy. This object hierarchy
could then be printed to an ASCII le, via the pretty-printing methods,
for later reloading by the scanner/parser. This editor doesnot require the
userto know about the concretesyntax of the input languagesoonecould
refer to it asa syntax-directed editor as well.

A skeleton program (sprout) which de nes a sample method for ead ob-
ject in the hierarchy. Each method includes a referenceto all of the in-
stance variables of the object aswell asa commernt headerdescribing the
object for which the method is de ned. This method is the initial working
system. Its solefunction is to walk through the object hierarchy printing
the value of any classterminals in the hierarchy. The Demeter system
supports the prede ned classterminals Ident, Number, and String aswell
as a facility for the de nition of additional classterminals. The enrtire
systemis grown from this simple skeleton program. This simple program
is the sprout from which the software plant will be grown.

A growth plan generatorwhich suggestsin which order to grow the plant.
The growth plan is determined by the chromosomes(productions) in the
classdictionary (seed).

The Growth and Evolution of a System (Nur-
turing)

Once a Demeter ervironment has beengeneratedfrom the classdictionary de-
scription we want our systemto grow and ewolve. We will presert two methods
assciated with our Meal ervironment. The rst is to calculate the cost of
a meal. This method will walk the object hierarchy and compute the cost
of eadh object in the hierarchy. The method is very modular, thanks to the
object-oriented nature of Demeter, so we can useit to compute the cost of any
componert of a mealaswell. We de ne food costsin the following menu: Melon
0.75, Shrimp Cocktail 0.65 per shrimp, cocktail sauce0.15 extra, Steak Platter
5.00, Baked Stu ed Shrimp 6.00, Pie 0.60, Cake .65, Jello 0.35.

Banquet ~ Meal { Meal }.

(defmethod (Banquet :cost) ()
(let ((total-cost

(loop for each-meal in child sum
(send each-meal "cost))))
(format t "cost of ~A meals: ~A.~%"
(length  child) total-cost)))
Meal =
"Appetizer:"  Appetizer
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; "Entree:" Entree
; "Dessert" Dessert.
(defmethod (Meal :cost) ()
(+ (send Appetizer 'cost)
(send Entree ':cost)
(send Dessert '.cost)))
; Melon = "melon".
(defmethod (Melon :cost) () 0.75)
; ShrimpCocktail = Shrimps Lettuce
; [CocktailSauce].
(defmethod (ShrimpCocktail :cost) ()
(+ (send Shrimps ":cost)
(if CocktailSauce
then (send CocktailSauce 'cost)
else 0.0)))
; Shrimps ~ {Shrimp}.
(defmethod (Shrimps :cost) ()
(loop for each-shrimp in child sum
(send each-shrimp ':cost))))
; Shrimp = "shrimp".
(defmethod (Shrimp :cost) () 0.65)
; CocktailSauce = Ketchup HorseRadish.
(defmethod (CocktailSauce :cost) () 0.15)
; SteakPlatter = Steak Trimmings.
(defmethod (SteakPlatter :cost) () 5.00)
; BakedStuffedShrimp =
; StuffedShrimp  Trimmings.
(defmethod (BakedStuffedShrimp :cost) ()
6.00)
; Pie = "pie".
(defmethod (Pie :cost) () 0.60)
; Cake = "cake".
(defmethod (Cake :cost) () 0.70)
; Jello = "jello".
(defmethod (Jello :cost) () 0.35)

We now examinea situation which is commonin software developmert. Our
restaurant owner takes one look at our nished software and informs us that
our meal de nition is all wrong. The cocktail shrimp should comein three sizes;
small, medium, and large costing 0.20, 0.50, and 1.00 (respectively). We kindly
ask the irate restaurant owner to have a seat and relax. We then make the
following changesto our classdictionary without the least concern of ruining
our existing system. We modify the atomic object Shrimp to be an alternation
production of the following form.
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Shrimp : SmallShrimp | MediumShrimp| LargeShrimp.

We remove the cost method for shrimp and replace it by the following three
method de nitions (one for ead of the new atomic objects).

(defmethod (SmallShrimp :cost) () 0.20)
(defmethod (MediumShrimp :cost) () 0.50)
(defmethod (LargeShrimp :cost) () 1.00)

Modi cations are made at or below the point at which the object hierar-
chy de nitions are changed. This allows the user the freedom of updating his
underlying data structure without having to worry about the loss of system
integrity.

The next set of methods we will de ne are more complex. We would like to
simulate an action suc as eating. When we eat a meal we are left with objects
which we refer to as garbage. Each object in the hierarchy either completely
disappearsor leavessomeobject behind. For example, a melon leavesa rind, a
potato leavesa skin, a steak leavesa bone and possibly somefat, etc. The rst
stepin such a task is to build a classdictionary which will allow usto represen
and build a hierarchy of garbage. This classdictionary can be constructed as
follows:

Gbanquet ~ Gmeal {Gmeal}.
Gmeal =
"Appetizer Garbage:" Gappetizer
"Entree Garbage:" Gentree
"Dessert Garbage:" Gdessert.
Gappetizer : Rind | GShrimpCocktail.
GshrimpCocktail = Shrimptails Lettuce
[CocktailSauce].
Shrimptails ~ Shrimptail {Shrimptail}.
Gentree : Gsteak | Gshrimp.
Gsteak = [ Bones] [ Fat ] Gtrimmings.
Gshrimp = Shrimptail  Gtrimmings.
Gtrimmings = PotatoSkin.
Gdessert : Crust | Frosting | GJello.
Glello =] Jello ] [ WhippedCream).

The following symbols in this classdictionary

Rind, Shrimptail, Bones, Fat, PotatoSkin,
Crust, Frosting, Jello, WhippedCream.

are de ned by construction productions ead consisting of one or more strings,
e.g.,
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Fat = "fat".
WhippedCream= "whipped" "cream".
etc.

In this example steak and jello can return someoptional garbage. For these
optional choiceswe ip acoin. For example,somesteakswill leave behind bones
and fat when eaten but others will not.

; Banquet ~ Meal { Meal }.
(defmethod (Banquet :eat) ()
(make-instance 'Gbanquet
".child
; initialize Gbanquet slot called child
(loop for each-meal in child collect
(send each-meal "eat))))
; Meal = Appetizer Entree Dessert.
(defmethod (Meal :eat) ()
(make-instance 'Gmeal
"Gappetizer (send Appetizer ‘'eat)
"“Gentree (send Entree ‘eat)
"Gdessert (send Dessert 'eat)))
; ShrimpCocktail = Shrimps Lettuce
; [CocktailSauce].
(defmethod (ShrimpCocktail :eat) ()
(make-instance 'GshrimpCocktalil
":Shrimptails (send Shrimps 'eat)
"Lettuce (send Lettuce 'copy)
".CocktailSauce
(send CocktailSauce ‘':copy)))
; copy returns a new object
; which is a copy of the argument
; Shrimps ~ {Shrimp}.
(defmethod (Shrimps :eat) ()
(make-instance 'Shrimptails
“child (loop for each-shrimp
in child collect
(send each-shrimp '.eat))))
; Shrimp = "shrimp".
(defmethod (Shrimp :eat) ()
(make-instance 'ShrimpTail))
; SteakPlatter = Steak Trimmings.
(defmethod (SteakPlatter :eat) ()
(make-instance 'Gsteak
""Bones
(if (eql (flip) 'head)
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then (make-instance 'Bones)
else nil)
"Fat
(if (eql (flip) ‘'head)
then (make-instance 'Fat)
else nil)
"Gtrimmings (send Trimmings "eat)))
BakedStuffedShrimp =
; StuffedShrimp  Trimmings.
(defmethod (BakedStuffedShrimp :eat) ()
(make-instance 'Gshrimp
":Shrimptail (send StuffedShrimp ‘"eat)
"“Gtrimmings (send Trimmings 'eat)))
; Trimmings = Potato
; <veggiel> Veggie <veggie2> Veggie.
(defmethod (Trimmings :eat) ()
(make-instance 'PotatoSkin))
Pie = "pie".
(defmethod (Pie :eat) ()
(make-instance 'Crust))
; Cake = "cake".
(defmethod (Cake :eat) ()
(make-instance 'Frosting))
; Jello = "jello".
(defmethod (Jello :eat) ()
(make-instance 'GJello
"“Jello
(if (eql (flip) 'head)
then (make-instance ‘'Jello)
else nil)
"“WhippedCream
(if (eql (flip) 'head)
then (make-instance 'WhippedCream)
else nil)))

In such a systema mealinput le might look like:

Appetizer:
smallshrimp smallshrimp smallshrimp
lettuce
Entree: steak potato corn peas
Dessert: pie

After sendingthis object hierarchy the :eat messagewe get a garbage hi-
erarchy returned to us. We can sendthis returned hierarchy the pretty print
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messagga Demeter generatedmethod) and print the following ASCII text.

Appetizer Garbage:
shrimptail ~ shrimptail ~ shrimptail
lettuce
Entree Garbage: bones fat potato skin
Dessert Garbage: crust

This technique is powerful in that you can ewlve one object hierarchy into
another fairly easily This easyewlution freesus from the bounds of ine ectiv e
programming languagesand allows us the lib erty of declaring the following rule:
\If the languageyou are working with doesnot allow you to write a necessary
task comfortably, then create your own languageand translate the current rep-
reseration into the new represenation." This rule is meaningful only if the
task of creating a new languageand building a translator is signi cantly easier
than the original task. This is usually the casewithin the realm of Demeter.

5 Inheritance (Grafting)

There are three ways of acquiring plants. The easiestand most expensive way
is to buy mature plants. The major drawbadk (besidescost) of this method is
the unavailability of many varieties. Many plant fanciers decideto grow their
favorite varieties from seed. While the cost may be lower, the time involved can
be quite substartial. In addition, there are many things which can go wrong
as our seedtakesthe long trip from sprout to mature plant. In the world of
software developmert we nd we have the sametwo choices. Either we buy the
necessarysoftware from someonewho has already dewveloped it or we develop it
oursehes. Again we have the sameadvantages and drawbadks. There is a fair
chancethat the available software will not be the speci c variety we want or it
may be of dubious quality. If we decideto dewelopit ourselvesthen we must be
willing to wait a long time and there is always the chance of something going
wrong during that long dewvelopmert process.

Many horticulturists look to a third alternativ e called grafting. The process
of grafting involvessplicing together part of a desiredplant with a host plant of
arelated type. This method hasthe advantage in that the costis low and much
of the risk of nurturing a seedto maturity is removed. Software developers are
usually at a losswhen they attempt this third alternative. While plants have
a common interface (typically a woody tissue) software systemsdo not. The
chancesof two systemsusing the sameunderlying data structure, the samelan-
guage,and being modular enoughto take functions for reusein a new system
are very low. The Demeter system avoids these problems by providing a com-
mon languagefor the abstract data structure of ead system, a meansof easy
languagetranslation, and very modular coding. This latter quality is enforced
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by the underlying object-oriented technology and the Law of Demeter’.
The Demeter system grafts one software system onto another through the
use of the keywords inherit and override in the classdescriptions. If an
inherit keyword pre xes a symbol it speci es that the classis to be \copied"
into the host system. For the purpose of language de nition the copying is
explicit. For example,

A = Ident Number.
B = String *inherit* A "end".

implies that the languageB is de ned by
B = String Ident Number"end".

For the purposeof classde nition we usethe inheritance semartics of the
underlying object-oriented system. In the above example we simply specify
that classB inherits from classA. We make the assumptionthat the underlying
object-oriented systemusesdynamic binding of the rst argumert, often called
self This implies that the methods attached to superclassesof a class are
available at that class. A more detailed discussionof inheritance is given later.

The override keyword is only usedin conjunction with the inherit key-
word. It speci es that the classis to be inherited with somechangeswhich will
always be declared after the override keyword. A similar approad is taken
in Trellis/Owl [SCB*86].

Our motivation for using override is as follows: A subclassis made from a
number of superclassesby specifying additional properties (instance variables
and methods) that elemens of the subclass must have comparedto elemeris
of the superclasses. It is also necessaryto make a subclassin which some of
the properties inherited from superclassesare modi ed. Inherited methods and
instancevariable typescanbemodi ed in a subclass,subject to somerestrictions
that insure that the inheritance is conceptually a specialization hierarchy.

The ability to modify the type of instancevariablesin subclassess restricted
in such a way that static type chedking of the classde nitions is still possible.
If this property is violated, a warning will be given. We want the Demeter
system to be able to guararntee that if B inherits from A then all objects in
classB may safely be treated as A-objects. If B is de ned by inheriting from
A and adding additional variables, then the B-objects may be treated safely as
A-objects. If B is de ned by inheriting from A and modifying someof the types
of the inherited instance variables (i.e. using an override clause)then the
rule that the type must be specializedwill insure that B-objects may be treated
safely as A-objects. The B-objects will know about all the messageghat are
known to A-objects.

2The Law of Demeter states that messagesmay only be sert to self and objects which are
an instance of a type which is asscciated with the instance variable typesor argument types
of the given method. This law is discussedin [LHR88]
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There is an alternate way of specifying inheritance in the Demeter system:
we can use an alternation production with implied inheritance. Syntactically
this is expressedby using the the *common* token after the alternatives. For
example,

Object : Pen| Brick
*common*<weight> Number.

Pen = ...

Brick = ...

de nes an abstract class (one which will never be instantiated) Object which
is inherited by both Pen and Brick. Pen and Brick have a common instance
variable called weight. It is helpful to think of these classesin terms of like
relations. We say that a Peniis like a Brick in that they sharea common data
de nition, namely, a weight. Alternation productions are the preferred way
of introducing inheritance since it expressesthe generalization principle in a
natural way. Of course,for the purposesof grafting from previously developed
projects, the explicit inherit is necessary We assumethat the underlying
object-oriented system supports transitivit y of the inheritance relation.

Our classdictionary notation requiresthat we give our data typeinformation
precisely for instance variables. If we say that an instance variable x is of type
A, where A is de ned by a construction production then x cannot contain an
instance of a subclassof A; it hasto be an instance of A. If we want to store a
subtype of A in x we cannot de ne A by a construction production; we have to
usean alternation production which speci es the legal subtypesof A.

For the de nition of legality of objects and for subtyping, we needto de ne
the set of classesassaiated with a given class. As an abbreviation of assi-
ated(S) we useS'.

De nition 1 For a construction, repetition or terminal classS, S'is S. For
an alternation classS, S' consists of the union of the classesassaiated with the
alternatives on the right-hand-side of the alternation production.

For the following classdictionary,

Expression : Simple | Compound.
Simple : Ident | Number.
Compound= ...

Expression’consistsof Ident, Number and Compound

De nition 2 A construction object is legal with respect to a construction pro-
duction if every instance variable contains an object which is an instance of a
class assaiated with the instance variable classgiven in the production. There
is an exception for optional instance variables: their value may be nil.
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A repetition object is legal with respect to a repetition production if every
element of the object is an instance of a class assaiated with the classon the
right-hand-side of the repetition production. If the repetition production does
not allow an empty list, the repetition object must contain at least one element.

A terminal object is legal if it contains a value which satis es the rules
de ned in the s@nner genertor speci ¢ ation (i.e. its lexical de nition).

For de ning the subtype conceptwe needthe following de nitions:

De nition 3 A classT directly inherits from class S if the de nition of T is
of one of the following forms:

T= .. Zinheritx S ..
S: T| .. *common*...

De nition 4 A classT inherits from classS if there is a sequene of interme-
diate classeswhich form direct inheritance links between classT and S.

For example, the following production implies that Orange inherits from
classEatableObject. Fruit is an intermediate class.

Fruit : Orange | Apple
*common**inherit*  EatableObject.

De nition 5 The classT is compatible with class S if the classesassaiated
with the classT are a subsetof the classesassaiated with classS.

Denition 6 A classT is a subtype (or sulclass) of classS if
T inherits from S or
T is compatible with S.

Every classis a subtype (or sulkrlass) of itself.

We can summarizethe subtype de nition by:

Subtype| = | Inheritance | or | Compatibilit y

To illustrate the subtype de nition, considerthe following example:

AutoDealer = <cars> List(Car).
Car :
GasolineCar *override* <fuel> Gasoline |
CombustionCar *override*  <fuel> GasolineOrCoal
*common*"speed” <speed> Number*inherit*  Machine.
List(S) ~ {S}.
GasolineCar = "gasolinecar".
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CombustionCar = "combustioncar".
Machine =

"age" <age> Number"fuel" <fuel> FuelType.
FuelType : Coal | Gasoline | Electricity.
GasolineOrCoal : Gasoline | Coal.

Gasoline = "gas".
Coal = "coal".
Electricity = "electricity".

We de ne a classCa which inherits from classMachine The Ca classhas
two alternatives: GasolineCaand CombustionCa Both override the inherited
instance variable type for fuel. A macdhine can have any type of \fuel”, be
it gas, coal or electricity. A combustion car can use only gasoline or coal.
Since we want to considera combustion car as a special kind of car, we have
introduced compatibilit y into our de nition of subtype. There are other reasons
to have both compatibilit y and inheritance in the subtype de nition: reduction
of inheritance links, avoidance of multiple inheritance, and e ciency .

The main idea behind the subtype de nition is that if a type knows about
a messagehen all objects belongingto subtypesof that type also know about
that message. We want to prove that any combination of compatibility and
inheritance will support this condition. The combination of compatibility and
inheritance tends to constrain the form of classdictionaries. This is partially
due to the fact that we restrict inherited classesto those de ned by construc-
tion productions. We follow seweral de nitions by a caseanalysis on the legal
structure of classdictionaries for ead of the four compatibilit y/inheritance com-
binations. We will de ne seweral semartic rules to deal with classdictionary
structures which violate our de nition of subtype.

To support our subtype de nition we needneedto introduce the concept of
a signature. Informally, signature(S) for a classS consistsof all messagesn to
which all classesn S' can react to by having a method attached to them or by
inheritance.

To de ne the concept of signature more formally, we usethe following nota-
tion:

De nition 7 A class S is responsive to messagem if m is attachel to
S or there is a class T suchthat m is attached to T and there are direct
inheritance links from Sto T.

A classS knows messagem if each classin S' is respnsiveto m.
Signatur ¢(S) = fmjS knowsm g.

The distinction betweenresponsivenessand knowledgeis useful; knowledge
involves the compatibility relationships while responsivenessrelies on inheri-
tance.
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We give now the rules for computing the signature of a class. We de ne
attached(C) to be the set of methods attached to C. We assumethat the
subtype graph does not contain cyclesand we apply the following rules to a
topologically sorted order of the classes.We assumethat the signature of the
abstract classesuniversal, construction, repetition, and terminal are given.

CONSTRUCTION:

S = <name>A ...
signature(S) =
{name, set-name, ...} union
signature(construction) union
attached(S).

S = *inherit* A,
signature(S) =
signature(A)  union
signature(construction) union
attached(S).

S = <namel>A ... “*inherit* B *override* <name2>C ...
signature(S) =
{namel, set-namel, name2, set-name2, ..} union
signature(B)  union

signature(construction) union
attached(S).

REPETITION:
S ~ {R}.
signature(S) = signature(repetition) union

attached(S).
ALTERNATION:

S: A| B
signature(S) = signature(A) intersection  signature(B)

ALTERNATION with implied inheritance:
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S: A| B *common*X Y.
A = <b> Ildent.
B = <c> Ildent.

signature(S) =
(signature(A) intersection  signature(B))  union
{X, Y, set-X, set-Y} union

attached(S).

signature(A) =

{b, set-b} union signature(S) union
signature(construction) union
attached(S).

signature(B) =

{c, set-c} union signature(S) union
signature(construction) union
attached(S).

We are now ready to prove an important property of the subtype predicate.

Theorem 1 Name-Signature-Theorem:If T is a subtype of S then signature(T)
is a superset of signature(S).

To prove this theorem we needto de ne semariic rules which are easily
cheded at compile-time. We state those sematriic rulesin the proof at the place
where they are neededto highlight the exact dependency of of the theorem on
the semariic rules.

The proof is divided into the proof of four claims. They state that knowl-
edgeof messagesnd responsivenesdo messagesire transmitted properly along
inheritance and compatibilit y links.

Claim 1 If B inherits from A and A is respnsive to m, then B is respnsive
to m.

This follows immediately from the de nition of responsivenessand the tran-
sitivit y of inheritance.

Claim 2 If B inherits from A and A knowsm then B knowsm.

We have only to discussthe casewhere A knows m, but is not responsive
to m. This implies that A is de ned by an alternation production and every
classin A' is responsive to m. If B isin A' then B is not an alternation and is
responsive to m and therefore knows about m. If B is not in A', we have two
cases:In the rst case,B inherits from A using a *inherit* link. If we request
that A be a construction class,we know that A must be responsive to m (which
implies that B is responsive to m and therefore B knows m.) Therefore we use
the following semariic rule.
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Semantic rule 1 Inheritance with *inherit* is only allowed from construction
classes.

In the secondcase,B is a subclassof A through alternation productions with
implied inheritance and B is an alternation classitself. The claim follows with
the following semariic rule:

Semantic rule 2 In an alternation classwith implied inheritance (i.e. using
*common?*) the alternatives which are de ned by alternation productions must
also useimplied inheritance.

Claim 3 If B is compatible with A and A is resnsiveto m, then B is respn-
sive to m.

A must be de ned by an alternation production. If A is responsive to m
then A has either m attached or inherits it. If A has m attached, we require
that the alternation production hasimplied inheritance with the following rule:

Semantic rule 3 If an alternation class has a methad attached, it must be
de ned with implied inheritance (i.e. with *common?).

As a side-e ect, this rule implies that if A is responsive to m then A knows
m. Note that an alternation classB can only inherit from another classif B is
an alternation classwith implied inheritance.

Claim 4 If B is compatible with A and A knowsm then B knowsm.

A must be de ned by an alternation production. We have to discussthe case
where A knows m but is not responsive to m. All classedn A' are responsive to
m. If B isin A' then B is responsive to m and therefore knows about m. If B'
is a subsetof A', the claim holds by the de nition of knowledge of a message.

Thesefour claims allow usto prove the theorem asfollows: If T is a subtype
of S then there must be a sequenceof compatibility and/or inheritance links
betweenT and S. The claims guarantee that the knowledgerelation is transitiv e
along those links which completesthe proof of the Name-Signature-Theorem.

The subtype concept is used both for chedking whether the type of the
rst actual parameter of a method is a subtype of the rst formal parameter
type and for cheding the specialization hierarchy property for override . The
above proof guaranteesthe desirableproperty of namecompatibilit y for Demeter
subtypes. We have proven stronger forms of compatibility, but a discussionof
this topic is beyond the scope of this paper. We now prove the transitivit y of the
subtyperelation by examining four cases.This proof is neededsinceour subtype
de nition contains a disjunction (or). The subtype transitivit y theorem is not
essetial for object-oriented programming. It is the Name-Signature-Theorem
that is important.
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Theorem 2 Subtype-Transitivit y-Theorem: The subtyge relation is transitive.
Proof by caseanalysis.

If a classC inherits from a classB and the classB inherits from A then
the classC inherits from the classA.

1. True by de nition of inheritance.

If a classC is compatible with a classB and the classB is compatible
with a classA then the classC is compatible to the classA.

1. C' B' by def. of compatibility
B' A" by def. of compatibility
C' A" Dby transitivit y of subset
C is compatible to A by de nition of compatibility

For the last two caseswe present classdictionary templates which demon-
strate the relationship between class dictionary structure and subtype
links.

If a classC inherits from a classB and a classB is compatible to a class
A then:

1. This third casecombines inheritance with compatibility suc that
there exists a classC which inherits from a classB and the classB is
compatible with a classA. There are three possibleclassdictionary
templates which will producethis type of subtype link. In the second
we use set notation to restrict the classeswhich appear on the right
hand side of B to be a subsetof the classesappearing on the right
hand side of A. This is to ensurethe compatibilit y relation.

inheritance compatibility
C< B < A
case 3a:
A: B ... *common*.
B: C| ... *common*.
case 3b:
A: C| X1 XN}

B: C| {y]| yis in subset of {X1 .. XN}} *common*.
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case 3c (disallowed by semantic rule 5.4):
for guaranteeing transitivity, not needed
for theorem 5.1.

C = *inherit* B.

In case3a we can prove the subtype relation in two ways. C is both
compatible to A via the de nition of compatibility and C inherits
from A via the de nition of inheritance. This occurs becauseB is
both compatible and inherits from A and C is both compatible and
inherits from B.

2. In case3bthe classC is compatible to A by de nition of compatibilit y.
C' is a subsetof A" by inspection.

3. We disallow the case3c with the following semariic rule.

Semantic rule 4 A class which is usal for inheritance with *in-
herit* cannot be usel as an alternative in an alternation production
without implied inheritance (i.e. without *common¥).

We needthis restriction since we cannot reduce the combined sub-
type links in classdictionaries of this form to either compatibility or
inheritance exclusively. Our restriction doesnot reducethe expres-
sivenessof our notation. We can simply add implied inheritance to
the alternation production in case3c (i.e. we use*common®).

The fourth and nal caseis a classhierarchy wherea classC is compatible
to a classB and the classB inherits from a classA. There are four cases
where this can occur. We will analyzethese separately

compatibility inheritance
C< B < A
case 4a:
A= ...
B: X| Y| Z *common**inheritx A,
C: X| z
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case 4b (disallowed by semantic rule 5.3):

A: B]| ... *common*.
B: X| Y| Z
C: X| Y.

case 4c:
A= ...
B=... *inherit* A,
C: B.

case 4d:
A: Bl ... *common*.
B=...
C: B

1. In caseda C inherits from A sinceall elemerts in C' inherit from A.
2. The case4b hasbeende ned asillegal by a semartic rule.

3. In cases4c and 4d the classC inherits from classA sinceall elemeris
in C' inherit from A.

This completesthe proof of the Subtype-Transitivit y-Theorem.

6 Parameterized Classes (The Root Stocks)

The notion of parameterized classesis related to grafting in that we inherit
and/or override classeswhen we want to use parameterized classes.The di er-
enceis that theseclasseshave one or more formal type parameters.

This parameterization adds complexity to the construction of a class dic-
tionary, but the power endoved on such a system more than makes up for the
additional complexity. Systemswhich are built around parameterizedclassdic-
tionaries are constructed under a di erent philosophy than oneswhich are built
around classes. Parameterized class systemsare typically not designedto be
stand alone working systems,although they sometimesare. These systemsare
built as genericfoundations to be inherited by many software systems. By way
of analogy, they are grown for their roots and not their fruit. The fruiting por-
tion will be grown in other ervironments, and eat will usethe parameterized
classsystemfor roots.

For an example, consider a generic library of routines related to graphs.
Sinceall graphs have nodesand edgesof di erent typeswe would needa class
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dictionary for ead graph application. We could then exploit the use of inherit
and override to reusethe software. However, it would be better to construct a
generic graph classdictionary through the use of parameterized classes. Con-
sider the following classdictionary which speci es a generic graph as a list of
edgeswhere an edgeis de ned astwo nodes. We have added someconcretesyn-
tax, but recall that all applications are completely shielded from this syntactic
sugaring of the input language.

Graph(Node) = "edgeList"
<edgelList> List(Edge(Node)).

Edge(Node) =
"from" <from> Node "to" <to> Node.
List(S) ~ {S}

We can now write a lot of generic graph software which can be used by all
graphs which can be represerted as a list of edgeswhere edgesare represetted
asa list of two nodes. Let us assumewe have made a large investmert in this
type of graph software and it has serned us well. We now nd that we have an
application which requires labeled edges. This application happensto involve
graphs where the nodesare towns or villages and the labels are the distancein
kilometers betweenthe towns and/or villages. We would like to write software
which usesour previous investmert in generic graph software and, if possible,
we would like the new software to be genericfor any graph with a labeled edge.
We accomplishboth goalsby constructing the following classdictionary.

LabeledGraph(Node, EdgelLabel) =
*inherit*  Graph(Node)
*override* <edgelList>
List(LabeledEdge(Node, Edgelabel)).
LabeledEdge(Node, EdgelLabel) =
*inherit*  Edge(Node)
"label" <label> Edgelabel.

We can use this parameterized classdictionary to de ne our regional map of
towns, villages, and distances by giving actual parametersto the above class
dictionary.

Map = *inherit*

LabeledGraph (=> EdgelLabel Road, => Node Community).
Community: Village | Town

*common*<communityname>, <desc> String.
Village = "village".
Town= "town".
Road = "road" <roadname> String

<routeNumber>, <distance>Nnumber.
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This class dictionary is expanded by the Demeter system into the following
grammatr:

map =
"edgelist" < edgelist > road_community-labelededge-list

community : village | town .

vilage =

"village" < communityname> string < desc > string
town =

"town" < communityname> string < desc > string
road =

"road" < roadname > string

< routenumber > number < distance > number .
community-edge =

"from" < from > community "to" < to > community .
road_community-labelededge =

"from" < from > community

"to" < to > community

"label" < label > road .
road_community-labelededge-list ~

{ road_community-labelededge } .
community-edge-list ~ { community-edge } .
community-graph =

"edgelist” < edgelist > community-edge-list
road_community-labeledgraph =

"edgelist” < edgelist > road_community-labelededge-list

The following shows the inheritance relationships betweenthe generatedclasses.
We usethe following notation: We use! to introduce an abstract class(i.e. a
classwhich cannot be instantiated) and !! to introduce an instantiable class
in the underlying object-oriented system. *inherit* followed by seweral class
namesdetermines from where where the classinherits. These productions are
generatedby the systemand can be drawn as a directed acyclic graph.

map!!
*inherit*  road_community-labeledgraph,
construction
community ! < communityname> , < desc > string
vilage !!' "village" *inherit*  construction
town I “"town" *inherit*  construction
road !!

"road" < roadname > string
< routenumber > , < distance > number
*inherit* construction
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labeledgraph ! *inherit*  construction

labelededge !

"label* < label > anytype *inherit*  construction
graph !

"edgelist" < edgelist > anytype *inherit*  construction
edge !

"from" < from > anytype

"to" < to > anytype *inherit*  construction
list ! *inherit*  repetition
community-edge !! *inherit*  edge .
road_community-labelededge !

*inherit*  labelededge , community-edge .
road_community-labelededge-list Il *inherit*  list
community-edge-list ! *inherit* list
community-graph !!' *inherit*  graph .
road_community-labeledgraph !

*inherit*  labeledgraph , community-graph .

This inheritance allows us to write generic, reusablesoftware. A typical input
le for this classdictionary might look like:

edgelist
from village "Ebnat-Kappel" "small"
to town "Wattwil" "bigger"
label road "howart" 12 5
from village "Diepoldsau” "on Austrian side"
to village "Widnau" "on Swiss side"
label road "bridge" 34 2

For a thorough description of the meaningsof a parameterized classdictio-
nary we refer the readerto [Lie88b).

Thus far we have used parameterized classeswithout restrictions. The fol-
lowing example illustrates the need for restrictions on the usage of parame-
terized classes. It shaws that parameterized context-free grammars can de ne
non-cortext-free languages.

ContextSensitive = <example> A(U,V,W).
AX,Y,Z) : L(X)Y,Z2) | RXXY,2).

L(X,Y,Z) = <first> X <second>Y <third> Z.
R(X,Y,Z2) = <u> A(H1(X), H2(Y), H3(2)).
H1(S) = "u" <t> S.

H2(S) = "v" <t> S.

H3(S) = "w" <t> S.

U="u". V="" W="w"

When we apply the expansionprocessintro ducedwith the labeled graph ex-
ampleto this classdictionary we getinto anin nite loop: the expansionprocess
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would generatein nitely many intermediate classes. Our implementation has
to be protected from this condition.

Also, the languagede ned by this grammar is a well-known context-sensitive
languagewhich is known not to be cortext-free: u"v"w",n > 0. The recursive
descelt-parsing approac is not capable of parsing such languages. Therefore
we will restrict the recursive parameterizedclassde nitions sothat any instance
de nes a context-free language. In applications onedoesnot needthe generality
of the ContextSensitive example. The following condition placesa bound on the
parameterization but doesnot limit the practical applications.

De nition 8 A parameterized classT is bounded if every recursive useof T
satis es the restriction that every actual parameter of the recursive useis either:

a formal parameter of T

an instance of some parameterized class which does not have a formal
parameter of T as an actual parameter.

a class.

Someinteresting examplesof bounded parameterized classde nitions are:

Permutation

MyT = <ex> T(ldent, Number).

TOXY) @ E | N(X)Y).

E="e"

N(X,Y) = "n" <first> X <second>Y <third> T(Y,X).

Exponertial

A parameterized classinstantiation can generatean exponertial number
of parameterized classinstances (exponertial in the size of the parame-
terized classde nition and the size of the actual parameters). Consider
the following example which basically generatesall permutations of the
symmetric group on 4 elemens:

MyA= <ex> A(C1,C2,C3,C4).

C1="c1"
C2="c2"
C3="c3"
C4 = "ca"

A(X1,X2,X3,X4) =
1" <tl> A(X2,X1,X3,X4)]
['t2"  <t2> A(X1,X3,X2,X4)]
[3"  <t3> A(X1,X2,X4,X3)].
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The instantiation of parameterized classA on the rst line generates24
=4 3 2 1parameterizedclassinstantiations or in generaln! (i.e. the
size of the symmetric group on n elemens). In practical applications this
\p ermutation feature" is seldomused. One could excludethis exponertial
behavior by requiring that every parameter of a parameterizedclassbe in
the sameposition throughout a given rule(s).

Splitting

MyT = <ex> T(ldent,Number).

TXY) @ EX) | N(Y).

E(X) = String <first> X.

N(Y) = "n" <erstes> T(Y, List(Number)).
List(S) ~ "list*  {S}.

A legalinput is:
nnnnn"ab" list 45

The following theorems guarantee that bounded parameterized classesal-
ways de ne cortext-free languagesand that the expansion of parameterized
classess nite.

Theorem 3 An instance of a bounded parameterizal class geneates a nite
numker of classes.

Theorem 4 The languagede ned by an instance of a bounded parameterized
classis context-free.

The conceptof subtype is easyto generalizeto parameterized classes.

7 Organizing the Garden

We need a structuring medanism to organize class dictionaries and the as-
sociated software. Therefore we introduce the concept of a module which is
a collection of (parameterized) class and method de nitions. We follow the
Modula-2 rules and group our modules into two parts: a de nition part and
an implemerntation part. In the de nition part we put all the classeswhich
are important for clients and the method headingswith type information for
argumerts and result. In the implementation part we put the implementation
related classde nitions and the complete methods. The implementation part
also contains a list of le nameswhich refer to the les cortaining the methods
written in the languageof the underlying object-oriented system. Modules and
their organization into pairs have the following advantages:
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Information hiding. We can hide method bodies, the internals of construc-
tion classesand auxiliary classeswhich are only usedfor implemertation.

Separateernvironment generation and separatecompilation.

Avoiding con icts betweenclassnames.

Related Work

The Demeter system has bene tted from work done in three areas: Program-
ming languages,Arti cial Intelligence and Data Bases. A detailed comparison
exceedghe spacerequiremerts of this paper and can be found in the forthcom-
ing book [Lie88b]. We give here a few pointers:

Object-oriented programming: Object-oriented programming is promoted
by Simula-67 [DMN70], Smalltalk-80 [GR83], Flavors [Mo086], Objective-
C [Cox86], C++ [Str86], Eiel [Mey86]. Our prototype implemertation
usesFlavors and Franz Lisp. Demeter extends the object-oriented lan-
guagesmertioned above in a useful way.

The override mecanism of Demeter exists in similar form in Galileo
[ACO85 and Taxis [MBW80] and in [Tho86].

Language design and parsing: We use the ideas promoted by N. Wirth
on language design [Wir74], [Wir84], data structure and parser design
[Wir76], grammar notation [Wir77] and type cheding [Wir71].

Grammar-basedprogramming: A grammar-basedapproac to meta pro-
gramming in Pascalhasbeenintroducedin [CI84]. [Fra81] usesgrammars
for de ning data structures. [KMMN85 ] intro duce an algebra of program
fragments. The POPART systemtreats grammarsasobjects [Wil83]. The
synthesizergenerator project alsousesa grammar basedapproac [Tei84].
GEM described in [GL85] is the predecessonf Demeter.

Our work is novel in that it combineslanguagede nition and data struc-
ture de nition for object-oriented programming into one coherent frame-
work. Such an integration has not been attempted before. It supports a
succinct, clear, modular programming style.

Arti cial intelligence: Many papers in knowledge engineering propose a
similar approach as Demeter. One which comescloseis [FAS*86].

Parameterized data types: An excellert survey is in [CW85]. Solomon
intro ducesthe conceptof bounded parameterizedclasseqdSol78 page 25].
Parameterizeddata typesare provided in seweral programming languages,
including CLU [LSAS77, Trellis/fOwl [SCB*86] and Ada. Parameteriza-
tion of data type speci cations is usedin the algebraic approac to data
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types [Kre87] and [TWW82]. [Mac85], [Mac8€] discussesmany of the
important issuesrelated to generic software design.

Program transformation systems: Our developmert of Demeter has been
motivated by work on program transformation systems[PS83,[C184], [BM84],
[KW87]. The MENTOR system [DHK*75], [DHKL80] is designed for
manipulating structured data represetted by abstract syntax trees. The
Mj Iner project usesa Demeter-like approac, but without parameteriza-
tion and multiple inheritance [MN88].

Data basedesign: Our classdictionaries share someproperties with data
dictionaries. The data dictionary approac in the data base eld is de-
scribed in the survey [ALM82]. A paper by John and Diane Smith [SS77
outlines some of the features of the Demeter system. Their aggrega-
tion/generalization concepts correspond to our construction/alternation
concepts.

Program enhancemeh [Bal86] proposesa frame-basedobject model to
simplify program enhancemeh which hassomesimilarities to the Demeter
system.

Exchange of structured data: The programming language independert
data structure languageof Demeter supports the exchange of structured
data betweendi erent programming languages.The work on IDL [Lam87]
is related.

Demeter Project: [Lie884 intro ducesthe formal syntax for parameterized
classdictionaries and discusse<lassdictionary designtechniques.

Conclusions  We have preserted a new software designmethodology basedon
growing and reusing software. We nd growing software to be a better paradigm
than building software. The philosophy of growing software requires that a
running system be in place from the earliest stagesof project developmert.
This methodology has beenimplemented and tested in the prototype system
\Demeter" which usesthis growth paradigm to provide an ideal environment
for the developmen and reuseof large software systems.

The Demeter systemhasbeenusedby over 200 graduate and undergraduate
students over the past 18 months. The feedbadk from these students has been
very favorable and hasindicated that the classdictionary is a very natural way
of describing an abstract data structure. In addition, the learning curve for
Demeteris short. For example,a group of 35 CS sophomorestudents have used
Demeter within the framework of a software design and dewvelopmert course.
Most of the students were beginning work on fairly complex systemsin three
weeks. All of these students had no previous experiencewith either Demeter
or object-oriented programming, however, they did have someexperiencewith
Franz Lisp (one course).
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In addition to the pedagogicalusesof Demeter we have implemernted many
applications. Someof the more interesting onesinclude all the Demeter code
generatorsand the genericprograms, a simulator for the parallel languageZeus-
2, simulators for subsetsof Schemeand Prolog, a Fortran-77 to Pascal Transla-
tor, a Pascalparser generator, an expert systemshell for modelling transporta-
tion systems,a genericadventure gamegenerator,and a prototype environment
for the modelling and simulation of arbitrary worlds of objects and rules. The
latter v e projects were developed by groups of v e sophomorestudents in an
elewven week course. This time includes the learning curve for Demeter and
object-oriented programming.

We are continuing our work with Demeter and the philosophy of growing
software both for teaching and researtr. We will investigate many exiting areas
of resear®: Object-oriented speci cation, abstraction by example, classdictio-
nary designfrom examples,expert systemfor classdictionary design.
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