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Dat e: Cct ober 2002
To: J3
From Al eksandar Donev

Subject: Defficient handling of objects in F2x, OR
Def aul t CREATE, COPY and CLONE for pol ynorphic objects
Ref erence: J3-007R3
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Summary

An OOP | anguage should provide default COPY, CLONE and CREATE operators/methods for pol ynorp
hi c objects. This way objects, and not just references to them can be manipul ated inside (e
ndogenous) data-structures and ot her objects-that-mani pul ate-objects. The critical point is
that these need to be accessible via the object itself, even if the type of the object is no
t!

CLONE is inplenented via SOURCE in ALLOCATE. | propose to inplenent CREATE via a new MOLD ar
gunent in ALLOCATE, and COPY by nodi fying the neaning of intrinsic assignnment for polynorph
c variables to work on the actual and not on the decl ared types.

| illustrate the urgent need for these with a very elenmentary exanple of inplenenting a gene
ric stack via arrays. Comments and suggestions on this code are very wel conme. The code shou
d really be witten using types paraneterized with types (a.k.a. tenplated types), but this
is beyond repair for this revision of the |anguage.

Mot i vati on

In Fortran 2002 (and other OOP | anguages), pol ynorphic objects are inplenmented via dynamc r
eferences to them i.e., PO NTER or ALLOCATABLE pol ynorphic variables. Fortran 2002 provides
excellent OOP facilities for manipul ating these pol ynorphic references to objects (see ny c
oments on |ack of type specification and overuse of SELECT TYPE t hough). Thus inplenenting
exogenous dynam ¢ data-structures is supported well. But the | anguage has profound deficienc
i es when dealing with the objects thensel ves, so that inplenenting endogenous structures (an
d these are very comon in scientific programming), is all but inpossible.

Eiffel is an OOP | anguage whose design | value greatly (though | would not trade it for Fort
ran, of course!). It provides three default nethods for any object:

CREATE, COPY and CLONE

These three are fundamental operations needed to mani pul ate objects (and not just references
to them) directly. Note that these methods are accessible through the object itself, wthou
t access to its type. In the current version of the Fortran draft, CREATE (structure constru
ctors) and COPY (assignnent inside SELECT TYPE) are only accessible if the type is accessib
e.

CLONE is at present the only one provided in F2002 via the SOURCE argunent to ALLOCATE. | fe
el strongly that the other two need to be provided al so. CREATE can npbst easily be provided

by adding a MOLD argunent to ALLOCATE simlar to the SOURCE argunent, which would only give

the type of the allocated data, but not the contents. This would allow one to allocate an ar
ray of a given type given only a scalar of that type, which is needed, for exanple, to desig
n custom all ocators for various dynam ¢ data structures.

COPY is trickier. I think it should be provided by nodifying the neaning of intrinsic assign
ment for pol ynorphic variables to work on the actual and not on the declared types. | propos
e two possible interpetations in the case when the dynamc types of the left and right hand

sides defer, and propose to accept the sinpler of the two choices. This also requires a nodi
fication of the way base conmponent sel ection works for pol ynorphic objects, so that the curr
ent neaning of intrinsic assignnment can be used if needed (for efficiency). This will also b
e proposed in a separate paper
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Exanpl e: Array-based stack

A honmpgeneous stack can be inplenented via an array. The allocation and deal | ocation of the
array should be handl ed inside the stack inplenentation. But at present this is not possible
in Fortran since the type of the allocated array is dynanmic and cannot be given to ALLOCATE

Furthernore, when the stack fills up, the contents of the array should be copied to a larg
er array (reallocation). Again, this copy is very hard to do in Fortran 2002, since intrins
c assignment works on the declared types. One nust therefore ask clients of the Endogenous_S
tack class to thensel ves inplement defined assignment and creation. This is unneccessary and
very cunbersone for such a common and el enentary application

Here is how the stack would be inplenented in ny nodified Fortran 2002. Later | will wite t
his in what | think should be in Fortran 200+ (i.e., the next revision), using generic objec
ts (tenplates in C++, unconstrained generic type paranmeters in Eiffel).

MODULE Endogenous_St acks
I For honbgeneous stacks only!
I NOTEs:
I CREATE, COPY and CLONE are all needed and used in this exanple.
I Data is not carefully encapsul ated--assune the user is trustable!
I Menmory allocation failure is also *not* checked!

TYPE, EXTENSIBLE, PUBLIC :: Endogenous_Stack

CLASS(*), PO NTER :: stack_nol d=>NULL()

I What is this a stack of ?

| NTEGER :: actual _size=0

| NTEGER :: expected_size=1000
CONTAI NS

PROCEDURE, DEFERRED, PASS(stack) :: PushOnStack, PopOfStack
END TYPE Endogenous_St ack

ABSTRACT | NTERFACE
FUNCTI ON PushOnSt ack( st ack, el ement) RESULT(success)
CLASS( Endogenous_St ack), | NTENT(INQUT) :: stack
CLASS(*), INTENT(IN) :: elenent
LOG CAL, | NTENT(QUT) :: success
END FUNCTI ON PushOnSt ack
FUNCTI ON PopOF f St ack( st ack, el ement) RESULT(success)
CLASS(Endogenous_St ack), | NTENT(INCQUT) :: stack
CLASS(*), | NTENT(QUT) :: el enment
LOQd CAL, | NTENT(OQUT) :: success
END FUNCTI ON PopOf f St ack
END | NTERFACE

END MODULE Endogenous_St acks

MODULE Endogenous_Array_ St acks
USE Endogenous_St acks

TYPE, EXTENDS(Endogenous_St ack), PUBLIC :: Endogenous_Array_Stack
CLASS(*), DIMENSION(:), ALLOCATABLE :: storage
I Array-based inpl enentation
CONTAI NS
PROCEDURE, PASS(stack) :: PushOnStack=>PushOnArrayStack, &
PopOf f St ack=>PopOf f Array St ack
END TYPE Endogenous_Array_St ack

CONTAI NS
FUNCTI ON PushOnArraySt ack( st ack, el ement) RESULT(success)

CLASS(Endogenous_St ack), | NTENT(INQUT) :: stack
CLASS(*), INTENT(IN) :: el enent
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LOd CAL, | NTENT(QUT) :: success

CLASS(*), DIMENSION(:), ALLOCATABLE :: tenp_storage
I For reallocation

| F(. NOT. ASSOCI ATED( st ack_nol d)) THEN
WRI TE(*,*) "No mold for stack!"
success=. FALSE.
RETURN
ELSE
| F(. NOT. SAME_TYPE_AS(stack_nol d, el enent)) THEN
WRI TE(*, *) "Wong argument type for stack push
success=. FALSE.
RETURN
END | F
END | F

I No allocation error handling here for now

| F(. NOT. ALLOCATED( st ack%st orage)) &
ALLOCATE( st ack%st or age( st ack%expect ed_si ze), MILD=st ack_nol d)
I Use the MOLD argunent to CREATE the array

st ack%act ual _si ze=st ack%act ual _si ze+1
| F( SI ZE( st ack%st or age) <st ack%act ual _si ze) THEN

I Real | ocate the stack storage
ALLOCATE(t enp_st or age( Sl ZE( st ack%st orage) ), MOLD=stack_nol d)
t enp_st or age=st ack%st or age

I Use extended assignnent to COPY the stack contents

DEALLOCATE( st ack%st or age)

ALLOCATE( st ack%st or age(2*SI ZE(t enp_storage) +1), &
MOLD=st ack_nol d)
I Doubl e the stack size

stack%st orage(1: SI ZE(t enp_st or age) ) =t enp_st or age
I Copy the contents back

DEALLOCATE(t enp_st or age)
END | F

st ack%st or age( st ack%act ual _si ze) =el enent
I The actual push, also a COPY

success=. TRUE.
RETURN
END FUNCTI ON PushOnArraySt ack

FUNCTI ON PopOF f ArraySt ack( st ack, el ement) RESULT(success)
CLASS(Endogenous_St ack), | NTENT(INQUT) :: stack
CLASS(*), INTENT(OQUT) :: el enent
LOG CAL, | NTENT(QUT) :: success

| F(stack%act ual _si ze<l) THEN

I Enpty stack
success=. FALSE.
RETURN

END | F

ALLOCATE( el ement, SOURCE=st ack%st or age( st ack%act ual _si ze))
' Now use CLONE via SOURCE
st ack%ct ual _si ze=st ack%act ual _si ze-1

success=. TRUE.
RETURN
END FUNCTI ON PopOf f ArraySt ack
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END MODULE Endogenous_Array_Stacks

Sol ution

To fix the above defficiency, | propose to add a MOLD argunent to ALLOCATE, with the sane se
mantics as SOURCE, but without the contents in the lines 110:8-10. The nold variable will th
us sinply serve as a type tenplate for the creation (allocation) of the new object, and can

be a scalar even if the allocate-object is an array.

Intrinsic assignnent should also be nodified to work with the dynam c, and not the declared

type of polynorphic variables. This is a trickier issue which should be discussed separately
fromthe general need of a COPY operation, no matter how this operation is actually provide
d.

Probl ens and Alternatives

CREATE

Fortran does not really have creation operators a-la C++. However, we do have default constr
uctors, which are the ones nost commonly used and needed. |If something nore is needed, the u
ser should make a type-bound generic constructor. The default constructor should however be
accessible via the object itself, without the need to access its actual type.

To inplenment allocation with SOURCE, the conpiler only needs to know the size of the allocat
ion. There is no need to initialize the allocated storage to anything since the contents of
the source is imediately copied into the new storage. However, for MOLD, it is not trivia
to initialize the storage. In particular, if we want default initialization to happen, then
conpilers really need to create an actual creation operator (a default one) for all extensib
le types (that is, a pointer to a creation procedure nmust becone a part of the class slot ta
ble). I do not see this as any problem since there is only one slot table per type and ther
e is no overhead other then a mnimnal extra work on the part of the conpiler.

However, it is also possible to specify that only default initialization of the base type wi
1 happen when allocating froma MOLD. | find this undersirable, but acceptable.

CcorPY

Effici ency

A major issue with extending intrinsic assignnent to be a COPY nethod is efficiency and inp
ementation. WII the need for type checki ng sl ow down progranms that do not need this COPY? T
o prevent this, and also to allow a greater expressivity in the | anguage, one needs to all ow
the selection

pol yrmor phi ¢c_obj ect %base_t ype

for objects declared with

CLASS(base_type), ... :: polynorphic_object
so that the present formof intrinsic assignment, i.e., working with the declared (base) typ
e, can still be done:

CLASS(base_type), PO NTER :: object 1, object 2

65ject_1@base_type:0bject_2@base_type I Copies only the base
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Exact neani ng of pol ynorphic assi gnnment

Anot her issue, which is to be decided by a mgjority, is what to do when the dynam c types of
object_1 and object_2 do not match. | see two possibilities:

1. Copy the part in comon, i.e. choose the type in the type hierarchy where the two types d
iverge and copy it:

obj ect _1=object_2
isreally
obj ect 1% ast _common_t ype=obj ect 2% ast _conmmon_t ype

Since object_1 and object_2 nust at |east share the base type, there will always be sone use
ful action performed by this copy.

2. (Preferred) If the rhs type is a descendent of the | hs type, then copy the child (smaller
) portion. Qtherw se just copy the base part:

obj ect _1=object_2

isreally (this is not |egal Fortran other then in a SELECT TYPE when the types of object_1
and object 2 are accessible though):

| F( EXTENDS_TYPE_OF( A=obj ect _1, MOLD=obj ect _2) THEN
obj ect 1% ype_of _obj ect _2=object_2

ELSE
obj ect _1%ase_t ype=obj ect _2%base_t ype

END | F

3. Alnpst the sanme as choice (2):

| F(EXTENDS_TYPE_OF( A=obj ect _1, MOLD=obj ect _2) THEN
obj ect 1% ype_of _obj ect _2=object_2

ELSE | F( EXTENDS_TYPE_OF( A=obj ect _2, MOLD=0obj ect _1) THEN
obj ect _1=object 2% ype_of object 1

ELSE
obj ect _1%ase_t ype=obj ect _2%base_t ype
END | F
The third option is a mnor variation of the second one. | do not have a clear preference fo
r either one, though | expect the second option will be nore efficient and sinpler to inplem

ent. In all applications |I can think of, choice 2 will do. It also has the advantage of bein
g clear and void of ambiguity, and it can also be inplenmented as a type-bound procedure for
any pol ynmorphic type, just like creation. But as already stressed in this paper, the need is
to provide it as a default operator for all polynorphic objects.

Edits

WIll be witten after comments are received.

I ECF



