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Subject: Farametarized module facility
Froam: Wi Suyder

1 MNumber
TBD

2 Title

Parameterized module facility

3 Submitted By
13

4 Status

Fiosr oomsiode m thoan.

5 Basic Functionality

Frovide a facility wlhere by o module or subprogram can be developed oo geserie oo, and then applied
Lo sy appropriate by pe.

6 Rationale

Mlawy algoritlons ean be applied to more than one type. Mlany algoritloms tlat can only be applied to
ane type can be applied to more than oee khed, It B tedioos, expensive, aml arvor prone — agpecially
g malutenanee tis develop algoritlhims that are ldentical except for type declarations o oparate
ann alifferant types or kisds,

CGenerle modules are useful 1o paclage types togetler with thelr ty pe-howsd procedures, so that when
tleey ave hstantiated, they ave conslstent. This caneot be guavantesd for parame terized types,

7 Estimated Impact

MBlolerate to extensive, depending on low it's done, Tle solution proposed lere can e o leme nted
mostly witl elianges in Section 11, and petaps a few changes o Section 4. Estimated at 13 meeting
L tes bt 6 on the JER seale.

8 Detailed Specification

Provide a varlety of module called o generie module. A geserie module 5 a template or patters for
generating specific nstanees. [t has gemerie paranseters ot s otherwize stmcturvally shmdlar oo
monge e e module . A generle parameter can be a type, adata object, a procedum, o geserie nterface,
a nonge e rie module, or a geerie module,

By sulstituting comerete values for s gewede parameters, o can create an Instamce of a generle
myoadiale. Entities from gevede melules camiot be accessed by wse association. Rather, entites can be
aocessed from nstances of them, Instaeess of gemerke modules have all of the properties of nongeneric
mdhubes, exeept that they ave always kbeal entitles of the seoplng wnits o whicl they are hstantiated.

Provide a meais to ereate lnstanees of geserke modules by sulstituting conerete values for thelr goseric
parametes

Provide a meais to access entitles from insanees of geserie modules by wse association.

[t is proposed at this thne that gemerie modules doowot lave sobmodoles.

10 November 2003 Page 1 of 10
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8.1 Priority for features

The features of geperke modules depend primacily wpon what vavieties of atities ave allowed a8 geseric
parameters

The pricrity of wlat shouk] be allowed for generie parameters and thelr correspomsding hstanee pavam-
eters Is, with most nportant st

Clenerle parvame ter Asrociated hstanee pavameter
Type Type
Diata entity Dl tialization ex pressin

YVariable
Specifie procedore Specifie procedure

Caenerhe fnterface Caemerie nterface
Non-remerk module | Noigeimric module
Caenerie mosdule Caenerie madule

Ten fit tlee proposal within the development scledule, itmay be necessary to reduee the present seope of
tlee proposal. I so, less-nportant features slionld be remsed before more-mportant omes,

8.2 Definition of a generic module — general principles

A generle moduke may stand o its own as a global entity, or may be a kcal entity defimed witlin a
pregram, meslule or subprogmo, I alall ot be defiped within astler gewerk module, I it s defined
within ametler seoping wlt, stasces of it acees that sooplng wnit by lost assoclation, Tlis is wseful
if a particular seoplng wilt is the only place where 1t's needed, or I§ lnstances need to slae an entity
sl as a type, procedure or wacdable,

A pecoawd axis of slmplification s to prolibit ges vk modules o be defined witlin other seoping wniis,
If this is pralibited, hstanes sloald nometheless wot acoss seoplng miits where they are hstantiated
by hiost association, o as to preserve tle possihility to extemsd to the fnetioaality deseribad here at a
later time.

Tle MODIULE statement tlat introdvess a0 geperie moduale differs froon caee that itrod vees a nongeseric
merhunde by lsaving a list of gemecke pavameter somnes,

The Interface of a geperke maodule & the list of the sets of ebaracteristies of s generie parameters, Tle
tterface slall be explicitly declawed, that &, the variety of entity of aach gemere pavameter, axd tle
chiaracteristios reguived of Its assoclated actual parameter when an hstanee |5 ereated | 2lall be declared,
There sliall be nooptiosal pavametes, Geerle pavameters amd tleir assoelated hstanoe parameters ae
dlemeribed in detail hn section 8.4 below.

Otler than the appeavasee of generie pavametes in the MODULE statement, awl thelr declavatioonss,
generie meslules ave stracturvally slmilar to woogenerie modules, as defiped by B1104:

Bllid  module 5 modale-stmid
[ apecdfication- part |
[ madule. subprogram-part |
el eodal e- sl

altlough it may be peomssary o velax statement-ordering restrictions a little hit,

8.3 Instantiation of a generic module and use of the instance — general principles

An hstanee of o geerie module & ereated by the appeavance of a USE statement that vefers to that
generhe masdule, amld provides concrete walues for each of the geeric module’s generie parametens, Tliese
conerete valies are called Instance pavameters. The nstasce parameters in the UTSE statement
correspoid to the module's geperie parametors either by position or by mame, o the sone way as for
arguments lu procedure referanees or com ponent speeifiers o structue constructors. The cluaracteristios
af eacl nstance parameter shall be consistent with the corresposding geserk pavameter.

By substituting the comcrete valies of hstanes parametes for corresponding generle paramseters, an

10 November 2003 Page 2 of 10
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mstanee of a generle module s created, or Inntantlated. Ao hetanee of o generle module B a module,
bt it s o lecal entity of the sooping uuit wlere it B nstantiated, 1t does not, lowever, acoms by lost
s i tion the sooping vt wlere it s lnstantiated, Batler, it acosses by lost assockn ton tle seopling
it wleere tlee gemerie module 5 odefned,

Each local entity within an hstanee of a geserie module s distioet from the corresponding autity o a
different nstanoes, even if botl hetanees ave nstantiated with dentieal lnstasee pavanetars,

A geperic module &lall mot e oan instance pavameter of an lustanoe of teell, eitler divectly or hdivectly,
A generie mesdule ey be hstantiated aod accessed n two ways,

= By nstantiating it and givieg it a waome, and then acoessing entities froon the wamed lnstamce by
e asmoc lation, Mamed hstasees awe ereated by a USE statement of tle form
USE :: nomed-insionee-apecificat ion- lisl

where a nomed-instance-specifivation B of tle form st ence-nom e == instonce-specifivetion , anxd
anstance-spevification I8 of the form generie-modale- nomee [ dnstonce- pomm eter- st ). In this case,
tlee oty st and reneeme st are not permitted sl this doess ot aceess the created Instanos
by v s bt o

Euntities are tlhen acosssed from thos hstanoes by USE statements that ook ke B 1L

B0 s -aiorad s USE , module-natare i module-name B
| . FEnLame - bal
or 1ISE [, .-rerx!uﬂ-'-.ll.m!u.-r': i module-naome , B

mONLY carily -lasi
bt with modale- nomee replaced by instonce-nome.

» By nstautiating it witleut giving it a naome, il accessing entities from that hstanes witlidn the
sine statemant. Tn this case, the USE statement looks ke BLLEY, bt with modale- nomee replaced
by dnstance-specifivalon.

lieither ease, a meodade - ped wre conld either be prolibited, or reguired witls a new wlue sueh as GENERIC
ar INETANCE.

Altermatively, a wew statement sucl as INSTANTIATE might be wsed hetead of the abovedeseribed
virktlons o tle IT5SE aatement, at least b the saomedshstance case. T the anoymos-lnstanes case
it would be desirable to we the ITSE statement, to preserve funetonality of renome-list and ondy-Esi
witlont nesding to deseribe them all over again for a wew statement.

Shnee histances are esentially modules, bt ave always local entities within tle program itz wlere
tleey are hetantiated, it seems mtams to prolibit nonge e e modules witldn other program wudts, 1t
wonlkl be reasomable to lhmit the westing deptls, as we do for subprograms., For example, it would be
reasciable to proldbit either a geverk moduke or a wagenerie medule to be defined within an htersal
ar gemerk module,

8.4 Generic parameters and associated instance parameters

A generic parametar may be a type, a data entity, a specific pocedure, a generle luterface, a nongeneric
mchuke, or a generle module,

Declarations of generle parameters may depeid wpon otler generle parameters, but tlere shall pot be
a elreular depeimlence between themn, exeept by way of polinter or allbeatable compoments of gewerie
pavameters that arve ty pes.

B4l Genefc paraimelens as Lypes

[T a gewende parameter is a type, it slall be declared by a type definition baving tle same syntax as a
dlerived type definition. The type definition may hehele compopent definitions, Tle types awl type
pavametaers of tle compoments may themselves be specified by other gemeric parameters, The type
definition may nehxle typelomw] procedwes, Claracteristies of these type-homnd procedures ey
depend upon generle pavameters,

10 November 2003 Page 3 of 10
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[T the generk parameter 15 a type, the corresponding hstawee pavameter gliall be a type, IF the geseric
pavameter las eomponents, the hstanee pacameter shall at least ave components witls tle somne mones,
Lypes, by pe pavameters owl vanks, I the generk parameter las type parametes, the nstanee pavameter
gl ll at least lave ty pe pavameters witls tle saome maones and attributes, Type pacame ters of The lustanos
pavameter that correspond 1o type parametes of the generle parameter slall be specified by a colon,
as tlongly tley were deferved dnoan object of the type — even i they ave KIND pavameters, amd any
otlers slall lave values given by luitialization expressions, 1T the gepede parameter las type-housd
gpecific procsdues or typebowd generios, the corresponding nstapee pavameter shall at least lave
type=homed specifios awl geperics that arve consistent, except that iTa specific procedure Biuding 1o tle
generie parvameter bas the ABSTRACT attribute the lnstanee pavame ter weed wot ave a specific biwding
of tle same mame hecanse 1t B only used to provide an loterface for a generle binding; it &lall not be
accessed by tle specific wame, Tnstanes pavameters that ave ntrissle types slall be consldersd to be
derived types with wo aceessible components,  Intvhsle operations and loteislie fosctioms are avallable
e every seopling unit, so it B wot necessary to assnme that futvinsle operations ol iutvisie fosetioons
are ponnnd te the type.

B.4.2 Genedc parameters as data objects

[Ta gewerk parameter & a data shject, it gliall be declavad by a ty pe declavation statement. Its type amxd
type pavameters may be generle parameters, IF 0t is neesessary that the actual parameter to be proskded
when the gemerie module is hetantiated slall be an lnitialization ex pression, the gemerke parameter slall
I the KIN D attribute, no matter wlat s type — even a type specified by asotler gonerle parameter,

[T the generle parameter 5 a data object, tle corresponding hstanes pavameter’s type, khed and raok
gl ll be tle saome as gpecifed for the generle pavameter,

[Fthe generie pavameter s adata objeet with the KIND attribute, the corresponding lnstanee parameter
glall be an nitialization ex pression.

[Tthe generle parameter sa data object without the KIND atteilate, tle corvespoming hstames param-
eter sliall be a variable, Every expression witlin tle variable slall be an huitialization expression, Tl
hstanes las access o the vardable by some wewly-defied vaviety of association [or mayhe by storage
asrc tion | — hstantiation does mot ereate a mew one with the sane cluvacterlsties,

B.4.3 Generdc parameters as procedures or genenc intefaces

[T a gewerke pavameter koo procedore or a genevle nterface, s nterface shall be declaved explicitly. Tt
cliaracteristios kA -:.'g'!].le'!u:! [EYRLETH] ge'!l.le'!l'i-:: Parvame e,

[T tle gewerke parameter s a procedure, the corresponding hstance parameter gliall bea procedure Ty g
cliaracteriztios consitent with the nterface for the genevke pavameter, wlicls nterface may depewd wpon
oller generle parametars,

[T the geerie parametar s a generie lnterface, the corremponding hstanee parametar slall be a gemerie
bt ifier, whose lnterface shall have at least specifics comsistent with speeific lnterfaces within tle gemerie
pavameters generie luterface.  The hstase pavameter nesd wot bave tle same generie ldentifier as
tlee generie pavameter. [T a gpecific interface within the geserk parameter’'s generle interface las tle
ABSTRACT attribute, tle hstanes parameter need not bave a gpeeific proeedure with the saome momne,
bt it shiall lave a specifie procedure with the sone elaracteristios, In this case, tle specifie procedure
within the generle parameter’'s gewerie lnterfaee camiot be aocessed by tle specified waone as a specific
pscedure, either witlin an hstanoe or from ome by s assoe iatlon,

B4 Genedc parameters as gensric or nongeneric modules

[T a gewerk parameter & a gewerie module, The hnterface of that pavameter slall be declared.

[T the gewerke parameter B oa generle module, the corresponding hstanee parameter slall be a goseric
mrcinde ) lsaving an luterface conslatent with the gemerle pavameter,

[T the gemerie parameter s a nougeseck module, the corresponding hstance paraneter slall be a mon-
generhe mesdule, whicl may be an ntermal module or an hstanoe of a generle module,

10 November 2003 Page 4 of 10
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8.5 Instantiation of a generic module and use of the instance — fine points

[T a gewerke modulke s defised within o module, it can lave the PRIVATE atteibute. This means it
cirininet he aocessed by use association, whicl o tum meas that it eamot be histantiated onside of
tlee mmeschule where it is defised. Rather, it will he stantiated some fxed auonber of toees witlin that
mradinde ) wlieln lnstances might or miglt wot be accessible by we association. A shindlar situation holds,
af cotmsa, 1§ a geerle medule b defimed witlhin a scopling wndt that B sot o module.

[T the gewerk: module is an luitersal gemerk module, it slall be accessible s the scoping it wlere
tlee [USE statement tlat hstantiates it appeas. This meay require that i be made avallable Ty [TSE
association froon a medlule within wlich it s defined. That s, two USE statements may be necessary:
Chee tooaccess the generle medule, axl another to nstantiate it

[Ta generie mexdule las a generie parameter that s a geverke module, aod the gemerie parameter is public,
four IV5E statements might appear: One toaocess the generle maedule, one to lustantiate 1t o o aocess
tlse geerie parameter that 15 a generle madule from tlat nstamee, and et assther to hstantiate that
generhe mesdule, This eoukd be prolibited, for example by pralibiting generle parametas that are generie
msdhubes to be pulilie, but wly?

Au hstanee pavameter s accessible by e association o an nstasce of a generle module by using
tlee Jodentifier of tle corresponding geperie parameter, wless the generie pavameter's dentifier 1s private,

Where a madule is hstantiated, the ondy and reaeming facilities of the USE statement can be used
as well, Proeessors could exploit an ondy-8s¢ 1o avek] hstantiating all of a maedule iF ooly part of it
s ultineataly wsed, Suppose for econple that ose las a generle BLAS module from whieh one wants
anly @ doanhle- precision L2-morm routine, Ohre might write wge BLAS{kind{0. 040} }, sanly: DERM2 ==
GEAMZ, where GERMZ2 k the specific name of the LE-norm routiee i tle generie modhile, and DERM2 =
tlee local mame of tle donble-precision stasee of it ereated by lnstantiating tle module. 1T ondy s wot
waedd, every entity o the module bs stantiated, and all publie entities are aocessed fom tle lnstanes
by v assoslation, exactly as ls cwrrently done for a USE statement without an onilgtsd.

[T o waomed hnstanos 5 cweated, access to It weed wot be D the some seopling wit as the hstantiation it
i5 only mecessary that the name of the hstasee be aceessible, Indeed, the lnstanes might he created
anpe esehude, fts mame accessed from tlat module by nse association, awl entities from it Bnally aocessed
by e association by way of tliat aocessed wame,

8.6 Examples of proposed syntax for definition

The following anlsectiomns Hlustrate low to define modules.

B.6.1 Sort module hoping for < routine

Here's an example of the heghing of a gevede sort madule in which the poeessor can't check that
tlsere's an aceessible < aperator with an appropriate literface wtil the generie medule s instantiated.
There's s veguirenent o tle paraneters of the gomerie type My Type. Tle only way the hstasee ean
got the < routine s Tt B loteisie, by lost assoctation from the scoping unit where the geserie maodule
is defined, or if it s bouned to the type given by the nstamee parameter [recall that stasees do wot
aocess by lost association the seophng it where they've instantiated). Alkks advocates that this ene s
illegal. The primary diference woukd be b the guality of message amomseed n the event My Type doos
mest lsave a sultable < operator,

module Sorting { MyType )

type @ MyType
and type MyType

B.6.2 Sort module with < specifled by module pammeter generic interface

The < operator s given by a generle pavameter. When the meddule s nstantiated, a geverke dentifer
for an lnterface with a specifie consigtent with the less slewn ere, slall he provided as an lnstanes
Paranmetar,

10 November 2003 Page 5 of 10
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medule SortingP { MyType, Operator (<} )

type i MyType
end type MyType

interface sperator (<)
pure logical abstract functicn Less ( A, B )} ! "less" is purely an abstracticn
typelmyType), intent (in) :: A, B
end functicn Less

end interface

13/04-383r1

The ABSTEACT attribute for the less funetion meas tlat the assoclated hstance parameter for
cperator( <) ouly weads to lave a specifie with the specified nteface, but the wame sn't vegquived to
b less, Indeed, Tese can't be accessed by that mame within SereingP or by wese assochation from an

hstanes of SortingP.

The hstames pavameter corrsponding to eperater <) pead not have the sone generle ldentifier. For
example, ifit's sperater (=) (with the ohvios somanties], the nstantiated sort routise would sort hutao

reve e arder.

B.6.3 Sort modile with < specifled by type-bound genedc inteface

This Hustrates a generle pavameter that s a type that s veguived to bave a partieular types bounxd
generhe, Tle type sliall ave a ty pe=bowad gesevie with a particolar nterface, but ifentities are declared
by vefemnee to the mame My Type or a local mame for it after 1 s aceessed froam an hstance, the specific
type=bomixl procsdue cannet be hivvoked by waome; 1t can only be accessed by way of the types o
generhe, The abstract attribute does this, It's only allowed in the definitions of ty pes that are generie

Paranmele s

module ZortingTEF { MyType )

type @ MyType
containe

procedurellszs), abstract ::
| & handle for the interface for the "operator{<}" gensric

Lege | Can't do "foobariless".

"Legs" iz only

generic operator{<) =r Lezs ! Type 2hall have thiz generic operator

end type MyType

| Same explicit interface for "lessg" ag in previous axample

B.6d  Module with type having at least a specified component

medule LinkedListe { MyType )

type i MyType

cype (myType) , pointer ::
! Type iz allowed to have other components, and TEPE.

end type MyType

Rext! "pext" component ig required.

B.6.5 Module with type having separately -specified kind paraneter

module Linkedliste { MyType, Ttelind )
type @ MyTypeliteXind)

integer, kind
end type MyType
integer, kind ::

10 Movember 2003
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B.ob BLAS definition used in instantiation examples in 8.7
madule BLAS [ KIKD )
integer, kind :: KIKD
interface KAMZ; medule procedurse GERAMZ; end interface NRM2
contains
pur e reall{kind) function GNRAMZ [ Ve )

B6.T Ordinary imodule with private instance cownt and interinal generic module

module ModuleWithInternslGeneric
integer, private :: HowManyInstances
medule Internal Generic { MyType )
! Tnetances of InternalGeneric access HowManyInstances by host association

8.7 Examples of proposed syntax for instantiation

The fallowing aibsections Hhstrate ow o hstautiate a generle module,

B.7.1  lmstantiating a stand-alone generic module

Lstantiate a generle module BLAS with kind (00400 and access every public entity froon the nstasee:
uee BLAS (kind (0. 040} )

lstantiate o generle module BLES with kind {0040} aml access only tle GERMZ function from tle
stanos:

pwee BLAS (kind (0. 040} }, only: GHRM2

lstantiate o generle module BLES with kind {0040} aml access only tle GERMZ function from tle
hstamos, witl loeal mame DNR M2

wee BLAS(kind(0. 040} ), anly: DNRMZ2 => GNRM2

B. 7.2  Instantiate within a module, and then use from that module

This Is the way to get ouly one slngle- precision and ouly ome donble-precizion hstanee of BLAS; hstan-
thating them wherever they are neaded resulis ln multipl nstawes, This alse lhstrates two ways 1o
ke geveric nterfaces ushing specific procedmes ln geserie modules, Tle fst ose creates tle gemerie
tterface from specific procedures aceesssed from tle hstanos:

moedule DELAS
uge BLAS(kind{0.0d0}}

end module DELAS

moedule SELAS
uge BLAS(kind{0.0e0}}

end module SELAS

moedule B
uge DELAS, conly: DERM:E => GKRM2
uge SELAS, only: SKRME => GERM2
interf ace NRM:Z

module procedurs DNRMZ, SKRM2Z

end interface

end module B

10 November 2003 Page 7 of 10
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[ thee second ome the gepede module s the gemerke nterface moned NEM2 that hocledes the GRNE M2
gpecific:

medule DELAS

e BLAS(kind(0.040% )
end moedule DELAS
medule SELAS

uege BLAS(kind(0.0ed))
end medule SELAS

module B
uge DELAS, only: KRAM2Z ! Generic; GNRMZ specific not accessed
uge ZELAS, only: KAMZ, & ! Generic
& S¥RM2 => GKRM2 ! Bpecific

and medule B

B.7.3  Imstantiate and access twice in one scoplng unit, augmenting generic interface

médule B
uge BLAS(kind(0.040)), anly: NRM2 | Generic; GNRAM2 specific not accessed
uge BLAS(kind(0.0e0)), only: NAM2, & ! Generic NEM2 grows here
& SKRM:Z =r GKRM2 | Specific

end medule B

Tlae petlesd i B.7.2 above might be desivable sooas ot accldentally to lave multiple dentieal hstamces
of BLAS In diferent sooping units,

B.T.4  lnstantiate and ghve the instance a name, then access from it

| Instantiate BLAS with kind{0.040) and eall the instance DELAS, which is
I & loecal medule,

uge :: DELAS => BELAS(kind (0.040))

I fecess GEAMZ from the instance DELAS and call it DNAM2 hers

wge DELAS, only: DERMZ2 => GKRAM:2

B.T.5  Instantiate two named instances in one module, then use one elsewhere

médule Elaslnstsnoss
! Instantiate instances but 4o not accese from them by use association
uze :; DELAS => BLAS(kind(0.0d40}}, S3ELAS => BLAS(kind{0.0d0)}
end module Elaslnstances
module KesdeSElaslRM2
uge Elaslnstances, only: SELAS | gets the SELAS instance module, not ite contents
uge SELAS, only: SKRAMZ => GERM2 | fAccesses GNRMZ from SELAS
end module NesdsSElasKRM2

B.T.6  Imnstantiate sort module with generic interface instance parameter
type @@ OrderedTiyrpe

end type OrderedT ype
interface operater (<)

pure logical function Less { A, B )

type (orderedType), inteat{in} :: A, B

end function Lesg
end interface
| Notice relaxed statement crdering.
uge SortingP {orderedType operator (<)), only: Ordered Typefuicksort =* Quicksort
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B.7.7T Instantiate sort module with TBP Less
wge SortingTEP(real{(kind (004033}, only: DeubleQuicksort =@ Quicksort

Motlee tlat this depowls on < belng a “type-bownd generie™ that is bowd teo the fuirhsie double
precision type, Here's one witl a user-defined iy pe that las a wser-defeed type-bomed < operator.

type MyType
| My components here
containe
procedure @@ MyLese => Legs
generic operater { < ) => myleszs
end type MyType

uwge SortingTEP(myType), caly: MyTypeluicksort => Quicksort

The nterface for less s ghven n 6.2,
Motlee that the USE statement comes after the type definition aud the TBF's fusction de i tioo,

8.8 Example of consistent type and TBP

This eccample Hhstrates how to create a type with type-amd-khsd consistent type- bowmd procedures, for
any kel This camsot be guarvantesd by uslng parameterized types.

module SparseMatrices { Kind )
integer, kKind :: Hind
type Matrix
I Seuff to find nonesers elements. . .
real (kind) @ Element
containe
procedure :: FrobeniuvsKorm

end type

contains
subroutine Frobenivelorm { TheMatrix, TheWorm }
type(matrix) , intent(in} :: TheMatrix

real (kind), intent{out) :: TheNorm
end subroutine FrobeniusNorm

end module SparseMatrices

uge SparseMatrices(gelected real kind (26,3000), & ! Quad precision
& only: QuadMatrizx T => Matrix, QuadFrebeniueg => Frobenius, &
& QuadKind => Kind ! Access instance parameter by way of generic parameter

type (quadMatriz_t) :: QuadMatrix
real {quadkind) :: TheNorm

call gquadFrobeniuve | gquadMatix, theNorm )
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