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Abstract

We suggest a simple model for a restricted form of dependent types in object
oriented languages, whereby classes belong to groups and dependency is in-
troduced via intra-group references using the MyGrp keyword. We show how
our approach can code well-known examples from the literature, present the
formal model and outline soundness of the type system.

1 Introduction and Motivation

Most commercial object oriented languages do not directly support code re-use
combined with the expression of dependencies between classes.

Consider, for example, the familiar graph example: regular graphs comprise
edges connecting nodes and coloured graphs comprise edges connecting coloured
nodes. This can be expressed through classes Node, Edge and ColouredNode,
with some form of code reuse between classes Node and ColouredNode. A
method Edge connect (Node x) in class Node would create an edge between
receiver and argument. Our intention is that a receiver of type Node is forbid-
den from calling connect with an argument of type ColouredNode. However,
conventional languages achieve code reuse through subclassing and subclass im-
plies subtype. Thus, ColouredNode would be a subclass and subtype of Node:
with a receiver of type Node, a call of the form connect (ColouredNode) is type
correct, a situation that violates our original condition.

Solutions to the above problem have already been suggested through family
polymorphism [6], in the programming language SCALA [9], and in [4]. In this
paper we present CONCORD, a simple approach to the problem, inspired by
ideas from [4], less powerful than SCALA. As far as we know, ours is the first
work that combines a stmple solution, an imperative model, a decidable system,
and a sketch—proof of soundness.

In CONCORD, classes belong to groups. Groups may be extended by sub-
groups; the subgroup is said to extend the supergroup. In a subgroup, a class
further binds its namesake in the supergroup. Further binding implies inher-
itance but not subtyping. Classes may also extend other classes, giving rise
to subclasses. Subclasses imply subtyping. Types comprise a group reference
and a class name. The group reference MyGrp refers to the group enclosing the
current class; it expresses intra-group dependencies, and thus a restricted form
of dependent types. For example:



prog = group™®

group = group g << g{ class™}

class = class c <:type { field* meth* }

field = type £

meth = type m (type x){ exp }

exp = null | new type | this | exp.f | exp.m(exp) | ezp.f = exp
type = gr.c

gr = g | MyGrp

ta = g.c

Fig. 1 — Modified syntax for static groups

group Graph {
class Node {
MyGrp.Edge connect (MyGrp.Node x){ ... }
}
class Edge { ... }
}
group ColouredGraph << Graph {

class Node {
colour c
}
}

The group Graph contains classes Edge and Node; the latter defines a method
MyGrp.Edge connect (MyGrp.Node x). Group ColouredGraph extends Graph
which means that it contains implicit definitions of classes Edge and Node, fur-
ther bindings those definitions in Graph [11]. Because ColouredGraph.Node
further binds Graph.Node, it inherits members from but is not a subtype of
the latter. Therefore, if n, n1 have type Graph.Node, and cn, cnl have type
ColouredGraph.Node, then the terms n.connect(nl) and cn.connect(cnl)
are type correct, whereas n.connect(cn) and cn.connect(n) are type incor-
rect.

The rest of the paper is organised as follows: In Section 2 we give the syntax
of CONCORD and a running example, in Section 3 we define inheritance, in
Section 4 we define the operational semantics, in Section 5 we give the type
system, in Section 6 we outline the proof of soundness, and in Section 7 we
conclude. In the appendix we give the more straightforward definitions and
further examples.

2 Syntax

Fig. 1 contains the syntax of CONCORD, where g, ¢, £ and m stand for group,
class, field and method identifiers respectively.

A CONCORD program is a sequence of group definitions, which, in turn, con-
sist of class definitions. Classes are similar to those in JAVA or Cf, with the
difference that CONCORD types consist of a group reference (gr) and a class
identifier (c). The group reference may be a fixed group e.g. g1 (thus intro-
ducing an absolute type, called ta in Fig. 1), or MyGrp, which refers to the
context’s group (thus introducing a relative type, which changes in subgroups).



F POy Fegxg

P=...group g<<g {...}... Fg <<g”
Fe<<g Feg<<g”
Feg<<g

Fig. 2 — Definition of subgroups

Every group extends another group, and every class extends another class, with
GlobalGroup and GlobalGroup.c at the top of the hierarchy. Groups cannot
be nested; this will be considered in further work.

The CONCORD program given below will serve as our running example!.

group gl { class D { MyGrp.D £3 } }
group g2 {
class A {
g2. A f1
MyGrp.A £2
MyGrp.A ml1(MyGrp.A x) { new MyGrp.A }
g2.A m2(g2.4 x) { x %

}
class B <: MyGrp.A { ... }
class C <: g1.A { ... }

}
group g3 << g2 {
class C <: g1.D {
g2.A m3(g3.B x) {
this.f2 = new g2.A // type correct
this.f2 = new MyGrp.A // type error!

3 Inheritance

A CONCORD class can inherit members from another class in two ways: Firstly,
if group g<<g' {...}, then g is a subgroup of g’ (see Fig. 2 for a definition
of subgroups) and any class g. c further binds the class g’.c if g’ . c is defined.
Secondly, if group g<< ... {...class c<:gr.c'{...}}, then g.c is a subclass
of gr.c’. Further binding implies inheritance of members but not subtyping,
while subclassing implies inheritance of members and subtyping.

Inheritance of members though subclasses and further binding is defined in
Fig. 32. The function F(g.c,f) returns the type of field £ in class g. c, while
M(g.c,m) returns the signature and body of method m in class g. c.

Inheritance through further binding “copies” all members into the subgroup,
e.g. if c is defined within g, and g is a direct subgroup of g’, then F(g.c,f) =
B B F(g e, 1)

LAs in JAvA, we drop the supergroup and superclass when these are GlobalGroup or
GlobalGroup. c.
2See Appendix B for the definition of the class lookup function C(g.c) and ®



C(g.c)=class c<:...{...tm(ty x){e}...}
MW(g.c,m) =t m(t: x){e}

MW(GlobalGroup. c,m) = Uf

G(g) = grouwp g<<g' {...}
C(g.c)=class c<:gr.c'{...}

M(g.c,m) = MW(g.c,m) ® M(grg].c’,m)[gr] & M(g . c,m)

C(g.c)=class c<:...{...tf...}

FW(g.c,f) =t FW(GlobalGroup .c, f) = Uf

G(g) = grouwp g<<g'{...}
C(g.c) =class c<:gr.c’ {...}

Flg.c,f) =FW(g.c,f)® Flgrlg]. ¢, f)[gr] ® F(g .c, f)

F(g.c)={f | F(g.c, 1) #Uif}

Fig. 3 — Method and field lookup functions

Inheritance through subclassing is more intricate: Any intra-group reference
in the superclass name is replaced by the current group, and any intra-group
reference within the member is replaced by the group reference of the superclass
name. That is, if ¢ is defined within g as a subclass of gr.c’ then F(g.c,f) =
...®F(grlg].c,f)[gr] ®.... Thus:

subclassing — fields

F(g2.A,f1) = F(g2.B,f1) = F(g2.C,f1) =g2.A
F(g2.A,£2) = F(g2.B,f2) = MyGrp.A
F(g2.C,f2) =g2.A

F(g3.C,£3) =gl.D

further binding — fields

F(g3.A,f1) = F(g3.B,f1) = F(g3.C,f1) =g2.A
F(g3.A,£2) = F(g3.B,£2) = MyGrp. A
F(g3.C,f2) =g2.A

subclassing — methods
M(g2.A,ml) = M(g2.B,m1) = MyGrp.A ml (MyGrp.A x) { new MyGrp.A}
M(g2.C,ml) =g2.A ml(g2.A x){new g2.A}

Fields and methods are inherited by member classes in subgroups:

Lemma 1 Given b g << g:

1. Flg.c,f)=t = F(g'.c,f)=t
2. M(g.c,m)=tom(t1 x){...} = M .com)=tom(t1 x){...}

W~



stack heap
store = ({this} — addr) U ({x} — addr) U (addr — object)
val = {null} U addr
dev = {nullPtrExc}
object = {[g.c | £i:vi€"]| £, g, c identifiers, v; € val}
addr = {ulieZ}
_ vy if £=1£lel,...,r
o(f) a { Ulf  otherwise
o[f +— v] = [g.c|l fi:vi...f:v.. . friv. ] if el r|f=1
olz—v](z) = v
olz—v](z) = o) if 2 #2
Fig. 4 — Stores of and operations on objects o; store o and identifier or address z.

4 Execution

We define execution in terms of large step semantics, where an expression and
store is mapped onto a value and store. The store, o, represents the stack and
heap. It maps this and the method parameter x onto addresses and addresses
onto objects. Objects contain their runtime type (or absolute type, ta) and the
values of their fields. This can be seen in Fig. 4.

In order to describe execution we need a way to obtain the group to which
the current receiver belongs. We define the function:

MyGrp(c) = g where o(o(this))=[g.c | ...]

In Fig. 5 we give the operational semantics. All rules are straightforward,
and similar, e.g. to those in [5], except for the rule for object creation. The
runtime type of the object being created may depend on the runtime type of
the current receiver. For example, if the current receiver has runtime type g3.4,
then execution of new MyGrp.C will create an object of dynamic type g3.C.

5 Types

Expressions are typed in the context of an environment, I', which gives types to
the receiver, this, and the method’s parameter, x. I'(id) returns the type of id
inT. ForT'=t x,g.c this, we define I'(id) to be t if id = %, g if id = MyGrp,
MyGrp. c if id = this and Uf otherwise. I'(this) always has the form MyGrp. c.

The functions MyGrp(t) and MyGrp(T') extract the group of the type t,
or of the receiver of I'. The operations e[g] and t[t’] replace any occurrence of
MyGrp in an expression and type respectively.

MyGrp(T) = T'(MyGrp)

MyGrp(t) = gr wheret=gr.c
elg] = e[g/MyGrp]

[T = t[MyGrp(T)/MyGrp]
tlo] = t[MyGrp(o) /MyGrp]
t[t'] = t[MyGrp(t')/MyGrp]
(tm(t' x){e}]g] = tlg]n(t'[g] x){elg]}



(val) (var)
v,0 ~ V,0 x,0 ~ o(x), 0o
this, 0 ~ o(this), o
e, 0 ~ 1,0
e/ O,// ~ v O,///
o' (L) (£) # Uf e,0 ~ 1,0
o =c"[t—d"Wf—v o' (L) (£ U
[ =] W@ AW
ef=¢e,0 ~ v,0 e.f, 0 ~ o()(f), o
g = gr[MyGrp(a)]
F(g.c)={f1,...,£-}
L is new
(new)
new gr.c,o ~ ,o[t—[g.c | £f1 :null,...,f, : null]]
€0, 0 ~ L, 00
ey, 0o ~ Vi, 01
o1(t)=[ta] ...]
M(ta,m) =t m(t1 x){e}
0" = o1 this — ¢][x+— v1 |
e, 0’ ~ v, 0o
(methCall)
eo.m(e1), 0 ~ v, o'[this — o(this),x — o(x)]
Fig. 5 — Operational semantics. We omit rules for throwing and propagation of excep-

tion, because these are standard

Fig. 6 defines the subtype relationship g - t <: t’, whereby a type t is
a subtype of another type t’ in the context of a certain group g. The group
context is necessary when t or t’ reference MyGrp. For example:

g2 F MyGrp.B <: MyGrp.A g2 - MyGrp.C <: g2.A
g3 F MyGrp.B <: MyGrp.A g3 F MyGrp.C <: g1.D
F g2.B <: g2.A g3 F MyGrp.C <: g2.A
F g3.B <: g3.A
¥ g3.B <: g2.B

We can prove that a subgroup g’ satisfies all subtype relationships from its
supergroup g, and that it may replace g’ in any subtype relationship:
Lemma 2 Take any g, g’ with+ g << g:
. gbt <t = gFrt <t
2. Fgc<:ta = Fg.c<: ta

We can also prove that any absolute type g’.c’ inherits all members from
from a supertype g. c; the members are inherited unmodified if the two groups
g and g’ are equal, otherwise any occurrence of MyGrp is replaced by g.

Lemma 3 Take and g, c, g, ¢’ witht g .c’ < g.c:

1. Flg.c,f)=t = F(g'.c/,f)=t and g =g or F(g'.c,f)=t[g]
2. M(g.c,f)=tom(t; x){e} =



C(g.c)=class c<:t{...} gkt <t

g F MyGrp.c <: t g+ tlg] < t'[g]
gkt <t ght < t”
Fg<<g gkt <t
g Ft <t ght <t

gk ta < ta

Fta <: ta’
FTO
FTO I'Fto
(VarThis) L (NewNull)
Ik x:I'(x) I' - null : t
I' b this : I'(this) I' - newt:t
I''kFe:t 'Fe:t
MyGrp(T) F t <: ' F(t[l],£) =t
yGrp (L) (Subsump) (e[l), 2) (Fid)
'-e:t 'k e.f: t']t]
I'F ey : to

M(to[l],m) =t m(t1 x){...}
I' F e : tl[to]

I' - 60.m(61) : t[to] (Meth)
'k e:t
F[l), £) =+
[ Fe el (FldAss)

'k e.f =¢ :t'[t]

Fig. 6 — Subtypes and the type system

tom(t1 x){...} =t and g =g or
M(g'.c'\m) = to[g] m (t1[g] x) {...}

Fig. 6 also defines the type rules I' + e : t, whereby an expression e
has type t in the context of an environment I'. The rules (VarThis), (NewNull)
and (Subsump) are standard. The rule (Fld) is more interesting, because (a)
it looks up the field £ in t[T'], (through t' = F(t[['],£f)), that is, it finds the
absolute type by replacing any occurrence of MyGrp by the group where the
current method has been defined, and (b) it replaces in t’ any occurrences of
MyGrp by the group to which the receiver, e, belongs. For example:

I'o =g2.A this,g2.A x o F x.£f2 : g2.A
I's F this.f2 : MyGrp.A
I'y=g3.C this,g3.B x I'y F this.f2 : g2.A
I's F x.£f2: g3.A
I'y =g3.B this... I'y = this.f2 : MyGrp.A

We can prove that expressions preserve their types when typed in a subgroup.



This means that inheritance of methods through further binding preserves the
type of the method body.

Lemma 4 + g << g, I'(this) = g.c for some ¢, I' = I'[this — g’ .c],
T'te:t = I"Fe:t

In lemma 5 we prove that if we replace the type of the receiver by a subtype
in an environment I', and any occurrences of MyGrp by the group to which the
receiver of I" belongs in an expression e, then we obtain the same type as if
we replaced all occurrences of MyGrp by the group to which the receiver of T’
belongs in the original type of e. Therefore, inheritance of methods by subtypes
preserves the types of the method body modulo the necessary substitutions of
MyGrp.

Definition 1 T’ <: T iff:
I=g.c this,t x and I/ =g .c’ this,t' x and
(I F MyGrp.c’ <: gr.c or IV F t' < tlg]) and g=gr([g]

Lemmab5 T Fe:t, I/ <:T = I'F e[l']: t[[]

Thus, we can prove that in a well formed program (well formed programs,
F P <, are defined in Appendix C), the body of any method in an absolute
type ta, even if inherited through subclassing or through further binding, has
a type in accordance with its type in ta:

Theorem 1  In a well formed program:

M(ta,m)=t; m(ty x){e} = ta this,taxF e : t;

6 Soundness and Decidability

In Fig. 7 we define agreement between addresses and types, o F ¢ : ta,
whereby an address agrees with the runtime type of the corresponding object,
or any supertype, and null agrees with all types. An address ¢ corresponds to
a well formed object, ¢ F ¢, if all the fields declared in its runtime type g.c
have values which agree with their types in g.c where MyGrp is replaced by g.
A store is well-formed, I' F o <, if all addresses correspond to well formed
objects, and if this and x contain addresses which agree with their types in I'.
We can now prove soundness of our type system.

Theorem 2 (Soundness)

FPo

et § = Droo
eO"\/;LJ/ o' kv t[l]
e[l =elo

We have a hand-written proof of the theorem, through induction on the
derivation of the type of e. The requirement that e[I'] = e[o] guarantees that
either there are no occurrences of MyGrp in e, or that o(MyGrp) = I'(MyGrp).



oF 1 ta

oc(t)y=[tal] ...] F ta <: ta
ok t: ta ok v ta o F null : ta
o(W)=[g.c| ...]
Flg.c,f)=t = o F o()(f) : t[g]

otk

W#Uf = o+
Foo(x): T'(x)[]
F o(this) : I'(this)[I]

'k oo

g
g
g

Fig. 7 — Agreement between programs, stores and environments

This requirement is necessary when proving the step for new MyGrp.c and it is
guaranteed by the substitutions taking place when inheriting through subclass-
ing. Also, the type of x does not change.

It is easy to argue that typing in CONCORD is decidable: The lookup func-
tions F and M depend on a class’s supergroup and superclass, and these rela-
tionships are acyclic. The subtype relationship is the transitive closure of the
extensions defined in the program, with some substitution of groups. The type
system has the sub-formula property and the subexpressions are strictly smaller.

7 Related and Further Work and Conclusions

As we said earlier, there are many approaches to the expression of relation-
ships across collections of classes. TypeGroups were used in [4], combined with
matching and MyType. The full system has not yet been formalised and proven
sound, while a subset, comprising MyType (in the form of ThisClass) but not
TypeGroups is presented and proven sound for a FEATHERWEIGHT JAVA exten-
sion in [3]. The main difference between MyGrp and ThisClass is that MyGrp
refers to the group enclosing the current class whereas ThisClass refers to the
current class itself. We show an encoding of ThisClass in Appendix D.

Families of classes are suggested in [6, 7] mostly through extensions of the
language gbeta; a formalisation is planned.

SCALA [9] combines functional and object oriented programming and con-
tains several features to support reuse. It is more powerful than CONCORD, as
types may contain both intra-group references and references to an object’s iden-
tity. The latter, not supported by CONCORD, allows distinct types graphl.Edge
and graph2.Edge, where graphl and graph?2 are variables of Graph type, thus
forbidding mixing components from two different graph objects even if those ob-
jects have the same type. SCALA has an implementation and extensive documen-
tation, and a formalisation with soundness proof [10] through »OBJ. The cor-
respondence between vOBJ and SCALA is not immediate. It is unclear whether
subtyping is decidable, not necessarily due to SCALA’s treatment of dependent

types.



The problem of relationships across collections of classes can also be ad-
dressed through virtual types [12] and its connection with generics has been
explored in [13]. The famous “Cow Example” can be seen in Appendix E.

The connection between virtual types and dependent types is explored in
[8]; soundness has not yet been demonstrated. The expression problem, posed
originally by Reynolds and later suggested by Wadler in the JAvA-genericity
mailing list [15], is an example of such dependence across classes. Solutions
using virtual types and generics are explored in [14], and using dependent types
in ScALA [16]. The expression problem is shown in Appendix F.

Powerful versions of dependent types have been suggested in [1], decidability
has not yet been proven.

Thus, we believe that CONCORD is the first work that combines a simple
solution, an imperative model, a decidable system and a sketch of the proof of
soundness.

In the full paper we will compare SCALA’s treatment of the issues addressed
by CONCORD and will explore the relationship between CONCORD and [4]. In
further work we plan to write up the proofs and consider mapping CONCORD
onto GJ [2]. We also want to work on an implementation and explore several
extensions of CONCORD: allow any amount of nesting in groups, groups as
parameters, the amalgamation of groups and classes, and allow MyGrp to refer
to an object’s identity.
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A Unique definitions

The judgement demanding unique definitions can be seen in Fig. 8. It requires
that:

e Group names are unique. Member class names are unique within a group.
Groups cannot be nested®, hence there can be no naming clash.

e Field and method names are unique within member classes, even where
subclassing and further binding is involved.

Vg: P=P; group g<<sg{...} P2 and P=P; group g<<sg' {...} P4
=—>P; =P3 and P, =P4 and sg = sg’
Vc: P =P group g << sg{ gbody, class c<:sc{...} gbody, } P, and
P =P; group g << sg{ gbody, class c<:sc’{...} gbody, } P2
= gbody, = gbody, and gbody, = gbody, and sc = sc’
Vi: P =P; group g<<sg{
gbody, class c <:sc{defs; t £ defs, } gbody,
}PQ and
P =Py group g << sg{
gbody, class c <:sc{defs; t' £ defs, } gbody,
}Po
—> defs; = defs; and defs, = defs,
Vm: P =P;group g<<sg{
gbody, class c <:sc{defs; t m(ty x){e} defs,} gbody,
}PQ and
P =Py group g << sg{
gbody, class c <:sc{defs; t' m(t] x){ e} defs, } gbody,

}Po
= defs, = defs; and defs, = defs,
F POy
Vg,g: Fg<<g and F g <<xg = g=¢g
F POy
Vi,t': gt <t andghFt <<t = t=t

FPOat

Fig. 8 — Unique definitions and acyclic groups and types

3The lack of group nesting follows from the syntax
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B Group and Class Lookup Functions

=P group g<<g { gbody } P’
G(g) = group g<<g { gbody }

G(g) = group g<<sg{...class c<:t{cbody}...}

CW(g.c) =class c<:t{cbody }

CW(g.c) # Uif
CW(GlobalGroup . c) = Uif C(g.c) =CW(g.c)

CW(g.c) =Uf
G(g) = grouwp g<<g'{...}
C(g.c)=C(g'.¢)

Fig. 9 — Group and class lookup functions.

B.1 Definition of &

Given two functions f,g: A — B for any sets A and B we define f®g: A — B
as follows:

Fgla) = { fla) if f(a) # U

g(a) otherwise

C Well-formedness

F POy
G(g) =group g<< ... {...} Fg.coe
C(g.c)=class c<:...{...} I'(MyGrp) =g
F gy I' F MyGrp.c <
Fg.coe
Fg.co
}_ F(X) <>t
F I'(MyGrp) <4
- T(this) O,
FTO F GlobalGroup.c <.

F GlobalGroup.c Oy
F GlobalGroup <y

Fig. 10 — Well-formed environments
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MW(g.c,m)=tm(t; x){e}
Ft<oy

[ t1 <>t

t1 x,g.c this F e : tres
gF tree <@ t

g.c Fmo

FW(g.c,f)=to = F to <4
MW(g.c,m) =t m(t1 x){e} = gchtknd

= g.c <>gene'ral

G(g) =group g<<g'{...} and C(g.c) =class c<:gr.c{...} =
:FW(g.C,f)#Z/df — }—(g/'C)f):wf
MW(g.com) =t m(t1 x){...} and M(g .c,m) #Uf —
M(g .com)=tm(t1 x){e'}

[ g.C<>fb

C(g.c)=class c<:gr.c'{...} and g =gr[g] =
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F P Oug
Vec: C(g.c)=class c<:gr.c'{...} = F g.c®
Fgo
Vg: G(g) #Uf = F g
FPO
Fig. 11 — Well formed classes, groups and programs
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D Encoding ThisClass

Here we discuss some preliminary ideas on the encoding of ThisClass in CON-
CORD. We use the widely known one- and two-dimensional points example,
where a method equal, defined in classes Point1D and Point2D, should com-
pare either two Point1D objects, or two Point2D objects, but never a Point1D
with a Point2D object. In [3], this is described through a parameter of type
ThisClass, indicating that the argument should have the same class as the
receiver. Here, we use the type MyGrp.Point:

group OneDim {
class Point {
int di;
bool equal(MyGrp.Point x) { this.dl == x.d1 }
}
}
group TwoDim << OneDim {
class Point {
int d2;
}
}

Assuming that p1 and p1’ are variables of type OneDim.Point, and p2 and
p2’ are variables of type TwoDim.Point, the following expressions type check as
follows:

type correct: pl.equal(pl’); p2.equal(p2’);

pl=p1} p2 = p2’;
type incorrect: pl.equal(p2); p2.equal(pl);
Pl =p2;

Needless to say, we could also have overwritten the method equal in the two
dimensions subgroup:

group TwoDim << OneDim {
class Point {

int d2;
bool equal(MyGrp.Point x) {

this.dl == x.dl and this.d2 == x.d2
}

}
}

However, overwriting the method as follows would be not well-formed (if we
supported overloading, it would have overloaded the method):

group TwoDim << OneDim {
class Point {

int d2;
bool equal(TwoDim.Point x) {

this.dl == x.dl and this.d2 == x.d2
}

}
}

Notice, that in CONCORD, for the function:
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bool equalPoints (OneDim.Point x, OneDim.Point y) {
x.equal(y)
}

the call equalPoints(pl,pl’) is legal, but equalPoints(p2,p2’) is illegal.
As execution of the latter does not fail, it is a shortcoming of CONCORD, that
the expression is illegal. In fact, in [3] it is legal. In order to overcome this
shortcoming, we plan, in further work, to support type and method signatures
parameterisation by groups, e.g. to allow a function like:

bool equalPoints (g <: OneDim, g.Point x, g.Point y) {
x.equal (y)
}

E The Cow Example

In this example, animals eat food, and cows eat grass. If we model Cows as
subclasses of Animals, and Grass, Meat as subclasses of Food, and if Animal
has a field of type Food, then the type system cannot prevent cows from eating
meat. This examples has been used to motivate the introduction of virtual
types. We shall encode the example in CONCORD, by using groups of animals,
herbivores and carnivores, and thus we shall prevent mixing their eating habits
across these groups.

group FoodG {
class Food { int calories; }
class Grass <: FoodG.Food {
// stuff to do with grass
}
class Meat <: FoodG.Food {
// stuff to do with meat
}
}
group AnimalG {
class Animal {
MyGrp.Food eat;
}
class Food {
// AnimalG.Food is unrelated to FoodG.Food

}
}
group HerbivoreG << AnimalG {
class Cow <: MyGrp.Animal {}
class Food <: FoodG.Grass {
// stuff to do with Grass
}
}
group CarnivoreG << AnimalG {
class Food <: FoodG.Meatq
// stuff to do with Grass
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Now, assuming that gr, mt, herbia, cow, herbif, carnia, carnif are vari-
ables of types FoodG.Grass, FoodG.Meat, HerbivoreG. Animal, HerbivoreG.Cow,
HerbivoreG.Food, CarnivoreG.Animal, CarnivoreG.Food, respectively, then
the following expressions would type check as follows:

type correct: herbia.eat = herbif; cow.eat = herbif;
carnia.eat = carnif;

type incorrect: herbia.eat = gr; carnia.eat = mt;
carnia.eat = gr;

F The Expression Problem

The expression problem requires the independent extension of an abstract data
type with more cases (more subclasses in OO languages) and more functions,
and to the possibility to combine these extensions. In CONCORD we can express
the first but not the second requirement.

Let us consider the famous application of the expression problem to a lan-
guage that describes expressions (pun intended in the original formulation of
the problem):

group BaseGroup {
class ExprA{
int eval() { 0 } // should be an abstract method
}
class Num <: MyGrp.Expr{
int value;
int eval() { this.value }

}

We can extend the BaseGroup abstract data type of expressions to support
sums, i.e. one more case:

group PlusGroup {
class Plus <: MyGrp.Expr{
MyGrp.Expr left;
MyGrp.Expr right;
int eval () {
this.left.eval() + this.right.eval();
}
}
}

Thus, the following would be type correct: PlusGroup.Num nl; PlusGroup.Num
n2; PlusGroup.Plus p; p.left=nl; p.right=n2; p.eval().

We can also extend the BaseGroup abstract data type of expressions to
support printing, i.e. extra functionality:

group ShowGroup {
class Expr {
String show () { this.value().toString(); }
}
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Thus, the following would be legal: ShowGroup.Num n; n.show().

CONCORD does not support a way of combining PlusGroup and ShowGroup. A
notion of traits, or a notion of virtual superclasses could possibly achieve that.
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