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What areldesign/patterns?

Inlthe(literaturelon(object(oriented (programming((O0O), designpatternslare(dverypopular(subject.

Apartfrom/any hype[thatmay [belconnected/totheconcept, they are[supposed tohelplyoullookat

alprogrammingproblem[and[¢omemupWwith[a[fobustldesignforlits[solution.[The teasonldesign

patterns(workis not(that they(are[something [new, (butlinsteadthat(they [are fime honoured, [well [
developed solutions.

[[will[not[tepeat(thel$tory[aboutlarchitectural [designpatterns and[Christopher[ Alexander(who
recognisedtheir(potential. Instead Tiwill[try [fo[éxplain hiow [these(software)design patternscan be
used(in(setting ip (Fortran[90/95 [programs, (despite [the [Tfact” [that[Fortran[90/95 Tacks [certain[QO
features, [Such(aslinheritanceland[polymorphism. dt[may (not[belstressed [in[all[OO [literature, (but
design[Ipatterns( help[lyoulfind[Isolutions[that[ldo[not[necessarily[linvolvel linheritancel Jor
polymorphisml(cf- Shallowayland[Trott,2002).

Designpatternscome by [fancy mames suchdsthe[Adapter[pattern(or(the Decorations [patternand
explaining (what(they [are(and[How[tb ise[them/is [bestdone Viala[few [examples.

Twolcourselexercises

During(the preparation [6flan inhouse[courseon Fortran©90/95, Tiwrote down [fwoeéxercises[folget
peoplelfolstart[thinking[about(the Tanguagednd [about[ways[fomake[their[programsmorewidely
useable:

Exercisell:

Setip(alibrary lofl(basic) Mumerical methodsfo [Solvedlsystem 0flordinary [differential [équations.
Thelmethods Mmustlat[leastlinclude[thelonelstepmethod by Euler.[Thefunctionsloflthislibrary
take(as(dneofltheirarguments/the Mame oflafunction(thatWill compute(and feturnthederivatives
ofleachldependent(variable/at/the(given[timelandstate. In(other words:

Thelsystem:

dx/dt=10fF (t, x)
% (0) D00=00x,

isltobelsolved[via:
R O=00x, HOdE*OE (t, x50

with/given/ihitial [dondition xo
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Thelfunction flis(tolbelimplementedlaslalfunction thatlteturnslanlarray loflderivatives[(this
requirement [thakesitlimpossibleto implementthis ising[FORTRANI(77 [features only).

Exercisel2:

Deviselalprogram/[that(will[tead[datalfrom[a[file[(onemumber[per(line, to keeplit simple)land
gather(all (these datalfor[later(processing.[The[processing[step [involves[printing[some!statistical
parameters: [mean, [minimum, [maximum/and[a[(cumulative) (histogram oflthe mumber[of datalin
tenlequally[sizedlintervalsbetween [the hinimum [@ndthaximum.

Notes:

e Weldomotknow/(inladvanceltherange oflthe(datal(they [dreWithin/the fangelofiordinary [reals,
butlthat(isall we know) Morlthe number 0fldata.

e Thelprogram/is(to[beWritten(in [Suchladway [thatWwe[dan [later[isolate[the Various [tasks[and [put
them(infalibrary for/general uise.

Now, Ilwanted to[come [up with[eélegant[solutions[0f the dbove problems(tolshow[offithe modern
features ofl Fortran. [Ilalso(received afew dquestions about/theseleéxercisesland[Ilstarted o think
some[morelabout[them.Atlthis[time[(October 2005)aldiscussion on[the Fortran[hewsgroup
(comp.lang.fortran)¢aught(my[eyeland [1[suddenlytealised What[1waslooking for.[The[book
Design(Patterns Explainedby [Shalloway [and [Trott[(2002)(did [the [rest.

ThelFacadepattern

Oneloflthelsimplest(patterns(isithe Facadelpattern.[Y oultypicallyéncounter(it(whenlyou havelto
uselalcomplex [or(inconvenient(library.(LLetishaveld[look at exercisell./In[theldescriptiononly
Euler'smethodlismentioned, ButSupposeWweléxpanditfolinclude Heun'smethodand [one0flthe
methods/byRungeland [Kuttafoo(thesearelsimpleénough, thelactual Foutines ¢an havelsame
interfacelds(the(driginal(one). (Herelis[@[skeleton Version 0fla module(thatimplementsthem:

!llode_methods.f90

' Modulelltollsolvellsystemsllofllordinarylldifferentialllequations
O Note:

!'J000Eachbfunction

|

modulellode methods

[[implicitinone

contains

functionleuler step (ltime,[lx,func,delttl])result (newx)
[real,intent (in) OOOOCDDCOCOCOO000 : Dt ime
[dreal,Jintent (in) ,dimension (:)): :[x

[dreal, intent (in) ODOODCDOOOOO0 : :Odeltt
[llreal,ldimension (size (x) ) [ : :Tnewx

[ffinterface

000 dfunctiondfunc (Utime, x[) Oresult (dx)
OO0 real , Uintent (in) COOOCCOOO00C0D : s Htime
L0000 Jreal, Hintent (in) ,dimension () [ :[x
DOO0000 ) Jreal, dimension (size (x) ) DOOCC: : Odx
OO0 endJfunctionllfunc

[Jllendllinterface

Olnewx=[x[+[ldelttI*[Ifunc (time, x)
endllfunctionlleuler step

functionlheun step (H...0)
ood. ..
endl/functionllheun step



functionllrunge kutta step ([l...[)
ood. ..
endlfunctionlirunge kutta step

endllmodulellode methods

Forlanylone[wholhashadsome[fraining[in[mumerical [analysis(this[will[(be[a[$mall, ¢asy[to lise
library:

modulellmyfunc
H0implicitlinone
contains

functionlfunc (Utime, x[]) result (dx)
[real, lintent (in) OOOOOO0O000000 : s Dtime
[ Jreal,lintent (in) ,dimension (:)[J: :[x
[real,lldimension (size (x) ) OOOOO0: : Ddx

LE0dx (1) =000 . TE*E(H1 . 0= (1) L) LIE0 . 200* % (2)
0dx (2) =000 . 050*[x (2)
endllfunctionl!func

endlmodulellmyfunc

programllsolve ode
HOMusellode methods
U uselmyfunc

[real,lldimension (2)J: :[x
0 real0D0O0000000000 s st ime
(00 real 0000000000000 : :deltt

H0Ox (1) 0E=01.0
UOx (2) 00=00.5
o0t imell0=0.0
Hofdelttl=00.1

O0dolwhilell (Ctimell. 1t .[010.00)
OO0 0write (%, " (3£10.4) ") [time, [x

Hoooodxbdod=leuler step (time,x,Ufunc,delttl)U!UOrbanyllother
o000t imell=OtimelJ+[ldeltt

[enddo

endlprogramsolve ode

ButWwhatfiflyour(customers(do Mot Wwanttb e Bothered Picking the rightethod? Whatlifthey sk
you'folprovidelan eveneasier(fo [uselibrary? Do [youthrow [away [the[superfluous methodsor[do
youlise(another(solution? Itlisfime|for(the Facade pattern.

Rather(thancome p Withlamew [library(basedon(thecode[dfthe0ld one, ButSlightly hodified),
you/simply shield off(all fthe hethods theydo motMeed o know or havelaccess [fo:

modulellode solve
[fusellode methods, lonly:[Inext stepll=>[leuler step
endlmodulellode solve



This[is(the[module[your[ ¢customers [ will[uise. Tt[ gives[limited[access[tolthe  original(library.[1f
needed, youldould [add @ wrapper function [fothis mewmodule Which Wwould, say, [decide [Whether
the(fime[steplis[smalllénough and [ifnot[split[the one steplinto[dmumberofsmaller(steps, thereby
releasing[your(customer(from [the responsibility loflsupplying thathimself.

Thelprogram becomes more general [(itrefers(to @lgenericthethod, linstead [0f[Euler's):

programlsolve ode
Musellode solve
[usellmyfunc

oo...

U0doUwhileld(Utimell. 1t .010.00)
OO0 wreite (%, ' (3£10.4) ') Htime, [x

Hooobdxbdod=lnext step (time,x,func,delttl])
o000t imell=ltimel+[ldeltt

[lenddo

endlprogramlsolve ode

The Fagadelpatternlislalsolanlexcellentway(foldescribelaFortran[90/95 Wwrapper(around (libraries
like[LAPACK [tolget(rid[oflarguments thatlindicatethe[array[Sizes or[passWork [space[folthe
routines.

ThelAdapter pattern
A Solution [fo[the[Second[exercise i5:

'Ostatl.£9000
'Straightforwardlisolutionlltollexercisell2
|

programistatl

H0implicitlinone

UJinteger, lparameterIHODOOONH: :Hincrem =110
D0 integer000000OOODDOOOOOC0 0 s « Dnumbe r
[Ilreal,ldimension (:),[lpointerl]: :[ldatal
[llreal,ldimension (:),[lpointerl]: :[ldata?2

U00integer0H0O0O00O00OOOOOOOOOOO: :Dierr
HO0real D00000000O0DOODDOOOOOC0D : s Dvalue
J00real000000000000000000000000: : Ovmin
O00real000O000000OOOOOOOO0O0O0O0OOO : : Ovmax
O00realD00O00000O0OOOOOOOOOOOO : s Dvmean
poo

OoftOInitialisellthellarray, UopenlithellfilelJandlistorellall
oo tOthelldata

oo

Ho0numberl=L10

[Jallocate (Udatal (1 :number)[])

UJopen (J10,Ufilell=lI"'statl.inp ')
Hddo
OO0 0read (110, * , [Hiostat=ierrl]) [lvalue

Oooo0oif0 (Hierrl.ne . [J00) Hexit

OOO0001 £ (Dnumberll.ge . [size (datal) [l) [then



OO00d000allocate (Hdata2 (number+increm) )
o000 data? (1 snumber) [=lldatal (1 :number)
HOOoOoOdeallocate (datalll)
Oooooo00datalll=>ldataz2

OO0 endi £

DO0000numbe rl0000COO=Onumbe r C+1
OO0 ddatal (number) U=lvalue
[[lenddo

[ close ([1100])

[mEmy

ot printlthellstatistics

[REEY

L0 £ (Dnumberll. gt . [J0L]) [lthen
OO0000vminl=minval (Udatal (1 :number) )

OO0 00vmax=[maxval ([ldatal (1 :number)[])
DO0000vmean =sum ([ldatal (1 :number) ) [J/Unumber
OO0 00write (%, *) O 'Mean : [0, [lvmean

OO0 00write (%, *) 0 '"Minimum: ', Cvmin

OO0 write (%, *) U 'Maximum: ', [Jvmax

o000 callllhistogram ([datal (1 :number) ,vmin, Dvmax(])

[lelse

OO0 00write (%, *) [ '"Nolldatallinllthellfile! '
[0endif

contains
subroutinellhistogram (larray, vmin, [lvmaxl])
[lreal,Udimension (:)J: :array

O00real 0000000000000 s s Ovmin

U0real0O0HOO0O00OOOO: s Ovmax

U00integertHIOOOOOOOON: <01
Ol0real D00O00DODODOOOOO s :Obound

0write (*, *) ' Upperlimitl I numberloflidata’
Ofdoill=1,10

U000 Dbound=lvmi nC+10* 0 (vmaxlvmin) /10.0
OO0000Owrite (*, *) Dbound, Lcount (Harrayll. le.Dboundll)
[fenddo

endJsubroutinelhistogram

endprogramllstatl

Itusesthefunctions from(the dibrary [that([the (Fortran[90/95 [standards(define, (father[than [ontain

itsl[dwn(dode forthem, butlitidoes [fail [@s(aneélegantSolution ih [two [@spects:

e Thelreallocation0flthe @rray liolding thedatafis Ieftfothesing program.

e Reallocationlrequires/eéxtralmemory.[Youlcouldiise allinkedlist/ofblocksofithemorylinstead,
butlthen[yoularerot/able[to hise [thestandard [functions.

WhatOwould[belhice[is[allibrary[that[accommodates for[both[types[of storage: the simple
dynamicallylallocatedarray whichvill[causeldverhead When[it[is[being[filled, (but(whichlis
otherwise(€asy[toiseland(the linked!listlof memory!blocks whichdoesmotTavethedverhead, but
whichpresents more(difficulty When@accessing thelindividualldata.

This[is[the[typeof problem (that[is(suited (for[the Adapterpattern: [providelduniform/interface(for
disparatelobjectswith[thesamelormearly the[samefunctionality.

Welcan(design/the[solutionlin(atleastfwo Wways:



o Takeladvantageloflourlknowledgeloflthe inderlying[storage[mechanism.[This[leads[tolan
implementation(thatlis fast((welaccess the[datadirectly) Butlthatdequires funing[foéach(fype
ofldatalstorageWwecare(toinclude.

e DefinelauniformlinterfacefolsStoreandlaccess individual datalitems.[The statistical imodule
canlthenbelwritten[eéssentiallylindependent(ofithe tinderlying[storage. Thelonly [drawback: it
may belslower, [as(itldoes mot“know” [@nything [dboutthe [properties of the [storage mechanism
and [therefore(relies[dn[getting individuallitems|dr[storingindividuallitems vialfunctionsand
subroutines.

Actuallyweldandombine these[tiwo@approaches(and llwill[do[so by ising the firstlapproach for(the
dynamiclarray land [the[second [for(the linked ist.

However[weldesign[the(libraries for[Storageand[statistics,the mainprogram will[(belalmostthe
2
same:

!lJstat main.£9001
'HH00Generallmainllprogram
|

programlstat main
usellstatistics

U0implicitlnone

U00real00OOOOOOOCOO0: :Ovalue
U0integerDO0O0OO0: :Hierr
UintegerHUODOONOHMN : s Dnumber

L type (STAT ARRAY)LI::[ldata

aooe

gt orllalternatively:

oo bbbt ype (STAT LIST) UOOOOOOMN: :Hdata
oo

Lfcallllstat init (Ldatall)
Uopen (U10,Ufilel=lI"statl.inp ')

Hddo
OO0 read (10, [* , [Hiostat=ierrl]) [value
DOCOOoi £ (Hierrl).ne . 000) Dexit

U0Od00calllstat add(Udata, Uvaluell)
[[lenddo

[0close (LU10L)

oo

OOCMOPrintlithellstatistics

ooo!

UdOnumberl=[stat count (Ldatall)

U1 £0 (Onumberl. gt . [J00) [then

O00d00write (%, *) U 'Mean: 00", Ostat mean (Ldatall)
0000 Ewrite (%, *) D'Minimum: ', Ustat minimum (datall)
UO0d00write (%, *) U 'Maximum: ', Ostat maximum (Udatall)
U000 0callllhi stogram

U0else

*The histogram subroutine could (6fidourse be moved linto the library too. Thave ot donelit Becauselit
prints(directly(to ‘the(screen(and for(allibrary [youlprobably wantcontrol[overthat. [So that would have
generated innecessary [details.



OO0 00write (%, *) O '"Nolldatallinllthellfile! '
[endif

contains

subroutinellhistogram

U0realDOOOOOOOOOOOO0: :Ovmin
O00real 0000000000000 : s Ovmax

UU0integerHODOOOOOO0: <01
U0realOoodOooUOoOOd: :Dbound

HoCvminl=lstat minimum ([ldatall)
UCvmaxl=stat maximum (Ldatall)

HOwrite (*, *) ' Upperllimitlnumberlloflidata’
LfdolJil=11,10

OO0000bound =0vmin+01i0*[0 (vmaxlvmin) /10.0

OO0 write (*, *) Dbound, [Istat count ([ldata, [lboundl])
[I'lenddo

endlsubroutinellhistogram

endljprogramlstat mean

Thelonly[choicethadelin [the[program(isthe [fypelofistorage(vialthelderivedtypes(STAT ARRAY
and[STAT LIST.

Tolillustratelalkind[ofl¢odelinheritance that[is[possiblelin[Fortran[despite[thelack [ofTalformal
inheritance [feature, [IIstart[with [the linked list.

Thellinkedlist

WelWwant[to[separatel the storagel mechanism[ from/[thelstatisticall toutines,[ o[ Wwel define[two
modules.(The one for the linked list Tooks like this:’

!Imodulellforlistoringllblockslloflldatallinllalllinkedl/1ist
|

modulellblock lists

HOJinteger, [lparameter, [privatell: :[lblocksizell=[110

U00typellSTORE LIST

OO0 integer HOOOOOOODDOOOOOOOO00E : s Onumber
L0 real, [ldimension (@) ,[ljpointerll: :[ldata
o000t ype (STORE LIST) ,Upointerll]: :[next
H00endItypelISTORE LIST

contains
subroutinellstore init ([storel))
L0type (STORE _LIST),lintent (inout)I: :[store

[Illstore%numberl[ =10
[lallocate (Ustore%data (l:blocksize) )
O00nullify (Lstore%nextl])

endlsubroutinellstore init

subroutinellstore add(lstore,[lvaluell)
UJ0type (STORE _LIST),lLintent (inout),ltargetli: :[store

}[i@pologize for (the @mount [0f Gode in [this (part [T Wanted to show Something that actually works|instead (6f
justiskeleton/code.



U00type (STORE _LIST),UpointerHIUHOOOOONOONN: :Heurrent
O0type (STORE _LIST) ,pointerHHNHHOOOONOONN: :Hnew

[currentll=>[store

ldolwhilell ([lassociated (current$next)])
OO0000currentJ=>lcurrent%next
[enddo

Ui fl (Hcurrent$numberl).ge.lblocksizell) Jthen
00 Jallocate (Hnewll)

o000 callldstore init (Hnewll)

L0 currentSnextl=>Inew

OO0 00currentl=>new

[endif

[0current%numberl=llcurrent$number+[11
[Ilcurrent%data (currentsnumber)[I=[lvalue

endlsubroutinellstore add
realllfunctionllstore value ([Istore,[Jidx[])

UJ0type (STORE _LIST),Uintent (in),Utargetl: :Ustore
O0integer,Hintent (in) DO0000OODOOOODOO0 : : idx

Ud0type (STORE _LIST) , UpointerJOOOONDONNN: :Deurrent
UO0type (STORE _LIST) ,UpointerUUIHHOOOONN: :new
O00integer00000O0ODODOOO0000000OOOOOO0O0:: : Uidxn

[currentll=>[store
D01 dxnO000=011dx

[fdolwhilell(Hidxnl.gt .[lblocksizell)

000001 £ (Hassociated (current$next) ) Lthen
Oo000000 Jcurrentll=>current$next
OO00000001idxn0000=001idxnJ0blocksize

0000 else
Hoobood00store valuell=010. 00! Actuallyllanllerror!
OOO000000return

0000 0endi £

[lenddo

H00store valuell=llcurrent%data (idxn)
endlfunctionlistore value

integerllfunctionllstore count ([storell)
UJ0type (STORE LIST),Uintent (in),Utargetll: :[store

00type (STORE _LIST),pointerlHINOOOOONNMN: :Hdcurrent

[ lcurrentll=>[store
[0store countl=[0

O0doOwhilell (associated (current$next) )

o store_countli=lIstore_countl+lcurrent%number
D000 currentJ=>current%$next

[enddo

endlfunctionlistore count

endmodulellblock lists



The statisticsthodule(can beWwritten in [analmostigenericlway:

modulellstat lists
UMusellblock lists,DATA STORE[=>STORE LIST

0privatell: :[Istore init,[Istore add,llstore value,llstore count

!IlIncludellthellactualllcode
|

includell'stat generic.f90'

endlJmodulellstat lists

Vialtherenaming(facilities[thatFortran[offers[wehavemanaged fo freethelsourcedodefor the
statistical foutines from any [(textual) reference [fothe tinderlying storage thechanism, [Sothe(actual
codelcan(belputlin(alseparate(filethat/dan belincluded Wwheneverdonvenient:

!lIstat _generic.£90L
'[IStatisticalllmodule,[lusingl/listllofllblocks
|

|

!IGenericllpart

|

[ typel]STAT DATA
HUO000integerDOHOONOON : : Cnumber

O o> A I R B v S B
HO000real HODOOODOO0OOE s s Ovmin
OO0 rea LOCOD0O00COOCC ] s s Cvmax
UJObbdtype (DATA STORE)L: :[ldata
[endtype

contains

subroutinellstat init (Ustorell)
Utype (STAT DATA),lUintent (inout)l)::lstore

[0store$numberI=[10
[store%vsum I 1]=[10.0
[0storesvminlll=0.0
[0storeSvmax I =0.0
[f0callllstore init (Lstore%datall)
endlsubroutinellstat init

subroutinellstat add([Istore,llvaluell)
Ud0type (STAT DATA),Uintent (inout)l::[store
[0real,intent (in) DDOOOOO00000000 : s Dvalue

[storesvsum lll=lIstore$vsum |+ lvalue

OOOifl (Ostoresnumberl(]. eq. 10L) Othen
OO0000storesvminll=value
OO000storesvmaxl [ =value

Oelse

JO0000storeSvminl=[min (Ustore%vmin, [lvaluell)
D00 0storesvmaxl [ =[max ([Istore%vmax, [lvaluell)
[f0endif

[0store%numberl=lIstore%number +[]1

U00calllstore add(Ustore%data,valuell)
endllsubroutinellstat add



realllfunctionllstat minimum ([Istorell)
Utype (STAT DATA),lUintent (inout)l::lstore

[D0stat minimuml=[lstore%vmin
endfunctionlistat minimum

realllfunctionllstat maximum (Lstorell)
L0type (STAT DATA),lintent (inout)l)::lstore

l0stat maximuml=lstore%vmax
end/functionlistat maximum

realllfunctionllstat mean (Ustorell)
L0type (STAT DATA),lintent (inout)l)::lstore

Hl0stat meanl=L10.0

L1 fl (Ustore$snumberl ). gt . [10) [then
HOoOIstat meanli=lIstore$vsumll/[Istore%number
Hlendif

endlfunctionllstat mean

realllfunctionllstat count (Ustore,Jupperl])
U00type (STAT DATA),Uintent (inout)l: :Ustore
[0real, Hoptional IHODOOOOOOOOO00 : : Dupper

O00integer00000000OOOODDO00000O0OOO : <04

OOOifl(H.not.Upresent (upper) ) then
UJofbfstat _countl=[Istore%number

[else

Ho0d00stat countl=0

OO000doill=11, store%number

HoO0o0oodi £l (Dstore value (store%data, i) U. le.Hupperl) Uthen
HoooooododlO0Ostat countll=lstat countl+[1
OOo000000endi £

JO0000enddo

[0endif

endlfunctionlistat count

|

'IEndlofllgenericllpart

Theldynamiclarray

Forlthe[dynamically [allocatabledrray Weldo ot keep [a[complete[Separation (between(the [Storage
and/the/statistical source[code,because[thecounting function/can (be moreefficiently [written.(We
dolwant(fo fake(ddvantageloflthe(generic[dode[shown in[the[previous(section. [First weldefine(the
module(forthis [typelofistorage:

!Imodulellforlistoringlldatallinllall"dynamicllarray"

!

modulelldyn arrays

H0implicitlinone

[integer, [lparameter, lprivatell: :[lincrementl=[110

[0t ype[IDYN ARRAY

OO0 integexr DOOOOOOOCOOOOOCOOO000 : s Onumbe r
OO0 real, [ldimension (@) ,[lpointerll: :[ldata
HO0enddtypelIDYN ARRAY

contains
subroutinellstore init (Ustorel))



O0type (DYN ARRAY),Uintent (inout)UUUU: :Ustore

[)storeSnumberl =10
[J0Jallocate (Ustore%$data (1l:increment) )

endlJsubroutinellstore init

subroutinellstore add(Ustore,llvaluell)
L0type (DYN ARRAY),lintent (inout)l): :lstore
Udreal, Uintent (in) UOOOOOOD0O00000 : s Ovalue

[0real,ldimension(:),pointer[l]: :[lInew data
Ud0integerHOOOOOOOOOOO00O0O00000000d : :Hold size

[old sizell=[lsize ([lstore%datall)

Hoi ) (Ustoresnumberl).ge.Jold sizell)lJthen
HoOd00allocate (Unew data(l:old sizetincrement)Ll])
o000 new data(l:o0ld size)ll=lIstore%data

Lol deallocate (Lstore%datall)

o0 store%datall=>llnew data

[0endif

[store%$numberli=lIstore$number+[]1
[0store%data (store$number) [=llvalue

endlsubroutinellstore add
realllfunctionllstore value ([store, [Jidx[])
U00type (DYN ARRAY) ,Uintent (in): :[store
0integer,Hintent (in) DOO0O0O00: s Didx

OOOif0(Hidx. e . 00 . or.Hidxl. gt .[Istoresnumberl]) [ithen
Ho0000store valuell=00.00!JActuallylanlerror

else
HHHHHUStore_valueL:ustore%data(idx)
[0endif

endfunctionlistore value

integerlfunctionlistore count (Ustorell)
Hdtype (DYN ARRAY) ,Uintent (in)0l: :Ustore

H00store countl=lsize (Ustore%datall)
endlfunctionlistore count

endlmodulelldyn arrays

Now [the[statistical thodule [can [be written [as:

modulellstat arrays
UOMuselldyn arrays,[JDATA STORE[=>DYN ARRAY

Hl0privatell: :[Istore init,[Istore add,llstore value,llstore count

'Includellthellactualllcode
|

includell'stat generic.f90'
!

!Ooverwritellthelfunctionllstat count:



'OwWwellhavellallmorellefficientliway
|

integerllfunctionlistat count array (lstore,lupperl!)
l0type (DATA STORE) ,Uintent (in)U: :Ustore
[lreal, Hoptional IHHHODOOOOONNN ) : s [upper

LOOi £ (Dpresent (upper) ) Uthen

HoOO0Ostat count arrayll=licount (Ustore%datall.le.Jupperl])
[else

HHHHHUStat_count_arrayuzjsize(Jstore%datau)

[0endif

endfunctionllstat count array

endlmodulellstat arrays

Welhaveltelimplemented a single functionlin this[moduleto (be able[fo usemoreléfficient data
access/butwe(tely [on(the[generic[code for(d mumberlofldthers=(a kind [0flinheritance [or [perhaps
thelword delegationlis[moreldppropriate [forthis[flavour(ofidbject/driented [programming.

Combiningtheimodules

Atlthis[pointwelhave[two statistical inodules, iow [Wwe meed[d Way [fo[glue[them [fogether, [So [that
theising[program(can [Simply(Selectthe dight[implementation vialthe [fype [0f(storagelitises. The
overalllmodule importsthefoutines fromthefwoSpecific(modules Winderlalspecific(hameland
then hinifiesthem inder(algeneric mame:

![loverallllstatisticslimodule

|

modulellstatistics

H0Muselstat lists,lonly:[ISTAT LISTU=>LISTAT DATA,

(B[R 00 \\HHHH\stat_init_liStDDDD=>Dstat_init,
[ERREN 000 OO0 stat add listlOd0=>lstat add,
(B[R OO0 \\HHHH\Stat_count_liStDDD:>Dstat_Count,
[H[RE NN 000 \\HHHH\Stat_mean_liStDDDD=>DStat_mean,
[H[RE NN 000 \\HHHH\statiminimumiliStD:>DStat7minimum,
0o00d | DOOCD00stat maximum listl=>[stat maximum

UOMusellstat _arrays,Uonly:LSTAT ARRAYLIUOULO=>STAT DATA,
Hooooooooo0o0000000000000 s tat_init arrayldl0=>lstat init,
HoooooooooooDooDoooooob00stat_add arrayliidf=>0stat _array,
I stat count array,
0 stat mean arraylll=>stat mean,
000
0od

100
0oooa OEO000000000 s tat minimum arrayll=>llstat minimum,
Ooooa HooooooiboObdd0stat maximum arrayll=>lstat maximum
ooo!
[t Providelluniformilinterfaceslltolithesellspecificllroutines
oooe

00interfacellstat init
Ho0d0Omodulellprocedurellstat init list
o000 Omodulellprocedurellstat _init array
[I'Jendlinterface

[f0interfacellstat add

U000 modulellprocedurellstat add list
HoOOOOmodulellprocedurellstat add array
HdendJinterface

Uddinterfacellstat mean
o000 modulellprocedurellstat mean list
o000 modulellprocedurellstat mean array



[lendJinterface

Udinterfacellstat minimum
UUOd00modulellprocedurellstat minimum list
OO modulellprocedurellstat minimum array
endJinterface

Hldinterfacellstat_maximum

OO modulellprocedurellstat maximum list
00 modulellprocedurellstat maximum array
dendlinterface

endllmodule

Uddinterfacellstat count

OO modulellprocedurellstat count list
U Omodulellprocedurellstat count array
Uddendinterface

endllmodule

Alllthisrenaming(may [seem(inelegant(at(first, [Butlit[is [in [factmotmuch [different from [the typical
class[definition[in[(C++[or[the[use[ oflinterfaceslin[Java.[ There[ youl separatelthel[interface
informationfrom thelactual implementation(viafwoldifferentSource iles.Inthe[éxampleldbove
wedefinelin[@separate module How [the fwo hodules fitfogether.

Lethis[recapitulatewhatwehave:

e Algeneralhodulefor(accessing(the(statistical functions(anddatalstructures

e Twolspecificimodules/foridealingwithtwo[different types(ofistorage

e AlgenericSourcefilethatcan be tisedforlanimplementation ofiyet@nother fiypelofistorage

e Almainlprogram(that/dan/selectiwhichlimplementation [to ise by [changingasingle declaration

Setting Wpthelinfrastructure inay (have [seemed[a ot lofWwork, butladding[althird [fypeloflstorage
will iow [be [very [simple.

The(Singletonipattern

ATthird[patternIwant(fo[discuss(is[the Singletonpattern:(d[Wway [fo let(all [parts[oflalprogramhave
access(tolalsinglelset/ofldatawhilelguaranteeing(that(therelis only[onelSuch(set.[The Singleton
pattern[is[useful [for[instance[for[ configuration[data —[they[will[beltequired[throughout(the
programland [youldomotwant[to [pass(areference@around(in(alll@argument ists.

Letfusrhavelallooklatlthe following[codelfragment (the $keleton definitionloflalmodulethat
manipulatesalistioflkeyvalue(pairs,(alsoknown(asaldictionary):

modulelldictionary

[ Jimplicitlinone

U0privateJOOOOOODOOO IMakeldsurelleverythingllisl[thidden, Junlesslwellmakellit
COOOOOOOOOOO0OOoOOOO  fpublical lyllaccessible

Uddinteger,parameterl]: :[value lengthll=[]120
0t ypelJKEY VALUE

U0 character (len=40) L: :[key

OO character (len=value length)ll: :[lvalue
[lendlltypel [KEY VALUE

U0t ypelDICT

00 private

U000 type (KEY VALUE) ,[dimension (:),[pointerll::[Jlist
O0end ltypelIDICT



LO0type (DICT) , Uprivatell: :[ldict datalllll![lWellalwaysllwantllthisllonelltollbellprivate

oo

Lo Publicllfunctions/subroutines
oo

U00publicl: :ldict load
H0publicll: :Ldict_set

0publicll: :ldict get

contains

subroutinelldict load(Lfilenamell)
ood...
endlJsubroutine

subroutinelldict set (Lkey,valuell)
0od...
end Isubroutine

functionldict value (Ukeyl]) Uresult (value)
[llcharacter (len=*) 00000000 : : [key
Ul0character (len=value length)l::[value
[

endlfunctionlldict value

endlmodulelldictionary

With(thismodulelit[is (possible[fo (manipulate[the dictionary [variableldict data"(andfol[get(the
values/oflthe(keys(storedlin[that[dictionary.(It[is not[possible(folcreate(amew onelTthe MICT [fype
is(lidden(and[therelis mo Toutinethatldllows[you fo manipulate(anlarbitrary [Variable[0fthe IDICT
derivedfypelanyway.

This[modulelconstitutes(alsimplelexamplelofithe Singleton pattern.Despiteltheprecautions(we
tooktoChide[almostleverything, [the code [femains[flexible: [should[youlaterdecide[thatthe
programmeeds[fo [beldblefo create mewdictionariesand Mmanipulatethem,[d[few[changes[(given
below[inlitalics) Will[Sufficetb @llowthisih[aBackward[dompatible manner:

modulelldictionary

[0implicitlinone
HlDprivatelDDDDOOOOOO ! EMakellsurelleverythingllisllhidden, [lunlessliwellmakellit
DoooooooDooooioooooO ! Dpublicallyllaccessible

Ud0integer, parameterl]: :[Jvalue lengthlJ=[]120
[ 0typelJKEY VALUE
Oof000character (len=40) []: :[key
Uobd00character (len=value length)l: :[value
H0endtypellKEY VALUE

[t ypelIDICT

oo 0private

o000 type (KEY VALUE) , dimension(:),[pointerl]: :[Jlist
[0endltypel IDICT

0type (DICT) ,[privatell:: dict priv !'JRenamed Iforilclarity

oo

OO OPubliclfunctions/subroutines
[REEY

[0publicll: :[IDICT



U0publicli: :ldict load
Udpublicll: :[idict set
Ud0publicll: :ldict get

Uldinterfacelldict load
U0Od00modulellprocedurelldict load pub
HHdO0 modulel lprocedurelldict load priv
Lendlinterface

Udlinterfacelldict set

OO0 modulellprocedurelldict set pub
U0 modulellprocedurelldict set priv
Uddendlinterface

Uldinterfacelldict value
UHOd00modulellprocedurelldict value pub
LHO0modulellprocedurelldict value priv
UlJendJinterface

contains

subroutinelldict load priv(Lfilenamell)
Uddecalllldict load pub(Udict priv,[lfilenamell)
end lsubroutine

subroutinelldict load pub (ldict data,llfilenamell)
Ul0type (dict)l: :[ldict data
|

Lot OThelloriginalllcodelloflldict loadlinlthellpreviousllversion, onlyllnow
LOttdict datallislla localllvariable,llinstead lofllallvariablellinllthe

Ui Omodule.

aooe

endsubroutine

.d(dittolforlldict setllandldict value)

end modulelldictionary

Alprogramthatmeeds[thelsingleton [@pproach(dontinues foWork, [@s[thedverloading[oflthe foutines
makes[sureyoulcanisethehidden[dictionary.[Welhavelalsoreused @ll ofithe[code, While aking
thismew Wersion.

Comparisonwithinumericalllibraries

Theldesignpatterns[describedabove focus[onthe managementloflprogramminglinterfacesto
entities [in[the [program (that(is[tobe[built. Implicit'¢laims[and [in [fact[some[explicit¢laims[in the
literature[on[design [patternsaremade(that(thiskind[ofTpatterns(isnot[possible[in the tealmlof
procedural [programming[and[programming[languages[thatdo[hot[ support[thelobjectloriented
paradigm. In[theain [part(oflthis@rticle [have demonstrated that(at Teast[Some[canonical(design
patterns canBelimplemented(in [Fortran [Tinmy Opinionlévenlih/an/elegantway.

Thel question(arises/ Whether[ design[ patternslarelactually Cabsent[ from[software[developedfor

solving humerical [ problems[ as[ that[is[the apparent[nhiche  for Fortran.[ Judginglfrom al few

referencesI¥would[say [that'¢onscientiousapproaches fotheldesignoflsuchsoftwarelabound,ds

much@stheyldolihthelliterature dnldbjectloriented design:

e Libraries(suchlasBLAS[dreBuiltlin /ayers IBLAS [routines(falllinto(three categories(thatéach
useTowerlevel [toutines from[a[previous(layer. [Furthermorebecauseloflthe[different(storage
layouts[(full matrices, bandmatrices(and [others)therelare Wersions[ofmost(or @ll Foutines [that



specificallydealwith(these(storage(layouts: [the interface/isthe[same[but(the(datalobjects(that
are[passed(dremot. ThisMhas(allthe characteristics 0flthe[Fagadeland [Adapterpatterns [(to Hide
thelcomplexity l0fllow [level foutinesand[foprovide @tiniform interface(to lotherwisedisparate
objects).

e ThelLivermore[solver[for(systems[oflordinary[differential (equations(is[another[éxamplelof

deliberateldesign((cf. [l..)[Behind [d[Simplelinterface, it[dontains [d vast[collection[ofMumerical
methods. [These methods(dreselected both By [the iser(and[dutomatically: thehiser(selects(the
classloflsolution methods[(whichhas/consequences for[the[routines [@pplied by [theuser) and
thelsolver[itselfT triestooptimise[the humerical (performance by selecting fmore[or[less
accurateethodsfromfhe(selected(dlass.
Theldocumentationldescribestheldesign decisions aswell[as[thelinternal[working[in[some
detail.[From[this[description[it(is/¢lear(that[the[authors Wwanted[to[make(aSystem[that[can(be
used,withoutichanges[to[thecode, forldwidevariety [0fldpplications.[With[€arlierlibraries[0f
thiskind thehiserliad o @dapt thelcodelto fithis/herrequirements.

o Inltheltontext[ofl solving[systems[ofllinear[équations, Dongerraletlal.[(1995)[describela
particular “program[design,called reversecommunication.[Thebasicidealis[toprovide
flexibility [infiteratively [Solvingsuch[équations[thatcanmotl€asily be[dchieved [otherwise.In
thisCdesign, usercode[provides[specific[ functionality [ toan[otherwise[ general solution
procedure: [alkind (oflclient[server(structure. They [comparelitto [Other(designs,suchlaspassing
user[supplied functionsfothegeneral procedure.

In[Summary: [thediterature lon miumerical [Software [contains(several(descriptions(ofigeneral(designs
that(haveturnedoutiiseful lih [that/dontext.[(Whilelthey [aremot(dalled design patterns,theyhavelall
thelcharacteristics.[[TheJmain[lqualitativeIdifferenceJis[that[the[limplementation[llanguage,
FORTRAN[77,0ffersIesssupportfohide some dfithe details.

Conclusion

ItCmay[tequire[albitloflimagination[tolseehow design[patterns canlbelappliedinlalFortran
program, but/the main(obstaclelis(Oneof terminology: design|patternsiareiisually(described (in/the
context[of[f‘typical”’[objectloriented languages as[ C++land[Java.[Thelterms[that[abound are:
classes, inheritance, [polymorphismland thellike, terms/Wwhichlare[notloftenuised[in[the[Fortran
literature. [Anotherhandicap(fotinderstandingthe tole[of designlpatternsiis/thatltheylareldften
presented Cwithoutthe[ tontext[in[Wwhich[they would Cbeluseful. (1M myselfTstill Thave[difficulty
identifying(theuinderlying design [patternlin(dpiece(oflsoftware, when(there(is Mo hintas(toWwhich
has/been fised.

IThopelthislarticle[Wwill[$ervelas albeginning for appreciating design[patterns. 1 haveltried[to
formulate[the [patterns(in [ferms[aFortran[programmeris familiar With [@nd[it'should Bepossiblefo
betterinderstand (the[publications(on design patterns, [Suchldas Design PatternsExplained, dbook
IMhighly fecommend=(it[gave melthelinspiration [fo Write(this(article.

[wish[to[thankRichard Maineldnd Michael Metcalflfor[proofiieading[anlincomplete[version[of
thisiarticle.Theiridomments[andfextual[Suggestionshiave Helped [t improvelit.
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