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Abstract

This paper discusseghe concept, application, and usefulnessof software designpat-
terns for scierti ¢ programming in Fortran 90/95. An examplefrom the discipline of
object-oriented designpatterns, that of a gamebasedon navigation through a maze,
is usedto describe how someimportant patterns can be implemented in Fortran

90/95 and how the progressiwe intro duction of designpatterns can usefully restruc-
ture Fortran software asit ewlves. This exampleis complemeried by a discussion
of how design patterns have beenusedin a real-life simulation of Particle-in-Cell

plasma physics. The following patterns are mentioned in this paper: Factory, Strat-

egy, Template, Abstract Factory and Facade.
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1 Intro duction

As computersbecomemore powerful, there is a growing desireto make scien-
tic codesincreasinglycomplex.In the computersciencditerature, researbers
have discoveredthat similar solutionsto programmingcomplexproblemshave
appearedin di erent cortexts, and they have called suc solutionsdesignpat-

terns. The seminalwork by Gamma, Helm, Johnson,and Vlissides[1], iderti-

ed 23recurring designpatterns. Thesepatterns are intendedto be language
independen, and, indeed, a number of texts have appeareddiscussingtheir

application to C++, Java, and other languages(see,for example,[2,3]). But

the treatment of designpatterns in Fortran 90/95 is quite lacking by compar-
isonto theselanguages.

Fortran 90/95 is a non-object-oriented languagebut it cortains a language
construct, the module which can be usedto ernulate \classes". The resulting
\ob ject-based"style of programminghasbeenrecommendedy someauthors
[4{8] asa way of enhancingthe enapsulationand reuseof Fortran 90/95 code
\componerts".

In the following two sectionswe review the basicconceptsbehind object-based
programmingin Fortran 90/95 and intro ducethe running exampleof the maze
game.This exampleis usedto illustrate the implemertation of three important

designpatterns, Template, Strategy and Factory, in Secs4 and 5. The way in

which a designpatterns approad hasbeenusedto construct a framework for
particle-in-cell simulation is descriked in Sec.6 and the paper concludeswith

Sec.7.

2 Classes in Fortran 90/95

In the following sectionswe will illustrate how some object-oriented (OO)
designpatterns can be usefully emulated in Fortran 90/95. As a vehicle for
this discussion,we will usea running examplewhich has beenadapted from
[1]. This is a game program which createsa two-dimensionalmaze through
which a player needsto navigate in orderto nd an exit. The variousversions
of the software that we discusswill be available through the CPC software
archive.

In our discussionsye will referto listings of sampleFortran 90/95 code aswell
asto somesimple diagrams.The rst example,in Listing 1 and Fig. 1, is an
abridgedFortran 90/95 classwhich modelsthe conceptof a roomin our maze.
The classde nes a type, Roomwhich contains an integer eld for the room
number and an array of logical variableswhich determine whether this room



haswalls in the north, south, eastand westdirections. The classalsode nes 4
constarts to denotethesedirections of the compassit hasa constructor which
initializes the valuesof variablesinside the Roontype (and which would also
allocate spacefor allocatable variables). Good object-oriented programming
practice recommendghat data be kept private and that public proceduresbe
written to accessor modify that data: the elds of the Roontype are private
but the proceduresusedto accessor to modify those elds are public. (In
performance-critical procedures,direct data accessis sometimesfavored for
reasonsof program optimization. We will commen further on information
hiding between classeghroughout this paper.)

The emulation of classesn Fortran 90/95 hasbeendiscussedn [4{8]. Classes
are meart to de ne atype togetherwith procedureswhich operate on data of

that type. Objects of that type are constructed using constructor procedures
and destructed (deallocated), if necessaryby destructor procedures.In For-

tran 90/95, the selectionof the correct procedurefor a giventype needsto be

made by passingan object of the required type. By convertion, we give this

object the namethis and make it the rst argumer in the argumert list.

Listing 1. A classdescribinga room in a maze
module Room_class
implicit none

public
I Room definition
type Room
private
I room number
integer :: roomNumber
I walls in directions NSEW?
logical , dimension(4) :: walls
end type Room
I parameters

integer , parameter :: NORTH=1, SOUTH=2, EAST=3, WEST=4
contains
! constructor
subroutine new_Room(this, roomNumber, N, S, E, W)
type(Room) :: this
integer , intent(in) :: roomNumber
logical , intent(in) :: N, S, E, W
I set the values of the Room type
I (Call random_number to find walls.
I Either a wall is read in as true or
I a coin is flipped to see if it will be true
I or false.)



end subroutine new_Room

function getRoomNumber(this) result(res)
I accessor procedure for private data

type(Room) :: this

integer :: res

res = this%roomnumber
end function getRoomNumber

function getWalls(this) result (wallList)
I accessor procedure for private data

type(Room), intent(in) :: this
logical , dimension(4) :: wallList
I return current [list
wallList = this%walls

end function getWalls

end module Room_class

Software engineersuse diagrammatic notations, the most famous of which
is the Unied Modeling Language[9]. We shall use a simpli ed version of
one of theseUML notations, called class diagrams, to illustrate the various
versionsof our mazegameand the useof patternsin it. UML represets classes
as boxes with compartmenrs which list the type componerts, other module
data (for example,static data and constaris) and module procedures A UML

diagram for the Roontlass might look like Fig. 1.

Room

-roomNumber:integer
-walls:logical(4)
+NORTH,SOUTH
+EAST WEST

+new_Room()

+getRoomNumber()
+getWalls()

Fig. 1. UML diagram for the Roonxlass . Private data and methods are agged

with \-". Public data and methods are agged with \+".

Static data and constarts

are underlined. Where shown, data types are given after the variable names. Full

argumert lists for proceduresare not shawvn.



3 The Maze Game: mazevl

In this section we preser our simple programming example as if it were a
larger software dewelopmert project.

Imagine that you set out to write a Fortran 90/95 program for a mazegame.
Good software engineeringpractice would dictate that you would start this
exerciseby de ning the requirementsof your system, that you would follow
this phaseby an analysis of theserequiremens before moving on to design
and, subsequetly, implementand test your software. Standard software pro-
cessmethodologiesrecognizethat there are feedbak loops between (at least
adjacen) dewlopmen phases.

The requirementsfor our systemmight read as follows:

(1) The program will create two-dimensionalmaze structures of arbitrary
row and column dimensions.

(2) Eadh roomin the mazecan have betweenzeroand four walls. Movemen
betweenrooms can be made providing it is unimpededby a wall.

(3) A player starts in a particular room and needsto nd the exit room.

(4) A player can quit at any time, and losethe game,or can nd the exit
room and win the game.

An analysis of these requiremerts would esh out important issuesand it
could specify a sequencef stepswhich the programwould walk through from
the perspective of a player (called a use casg. As an example,Requiremer
4 raisesthe issueof whether it is always possiblefor a player to nd the exit
room or whether this might be blocked by walls. Another exampleis that
Requiremen 2 raisesthe issueof whether walls can be one-way (when moving
from roomi to roomj but not when moving from roomj to roomi).

Proceduralsoftware designcan start by taking the requiremens and usecases
and expressingtheseas pseudaode or o w-charts and progressiely re ning
thesemodelsuntil coding of the algorithms can begin. Object-oriented design
starts by consideringthe data-structures neededin the software and then
attempts to locate the proceduresin the sameclassesas the data on which
they operate. There are two major data ertities in our examplewhich canbe
candidatesfor classes:

the maze
roomsin the maze

Our requiremerts alsomertion another data ertity, walls. But walls are most
properly modelledas elds within roomsrather than classesn their own right.
Discovering classesand allocating ertities to elds within theseclassess part



of the art of object-oriented software analysisand design.

In the previous section, we gave an exampleof how a room classwould look
for this simple mazeexample.The Mazeclass would cortain a data-structure
madeup of roomsand it would enablemovemer from room to room. Rooms
might be labeledby numbers. One of the roomsmight be the \exit" room and
another might be the \current" room in a particular game. This class may
alsoreturn the array of walls about the current room. Figure 2 shavs a UML
diagram for sud a Mazeclass module.

Maze

-sizeW,sizeH:integer
-arrMaze:Room(:,:),pointer
-currentRoom,exitRoom:integer
-arrRow,arrCol:integer

+new_Maze()

+del_Maze()

+moveRoom()
+getCurrentRoomNumber():integer
+getExitRoomNumber():integer

+getCurrentWalls():logical(4)

Fig. 2. UML diagram for the Mazeclass .

An interesting questionis whereto locate the gamelogic of our program. The

proceduresmaking up the gamelogic will handle userinput and overseethe

movemen betweenrooms during the courseof the game.It is most clearly
assaiated with the data ertity of the maze,but it could be decoupledfrom

the Mazeclass and placedin a MazeGameass of its own. We will assume
that our designerhas chosento do this, and we will subsequetly show that

this was a wise decisionto make. Although it involves someextra typing at

this stage,we have chosento de ne a MazeGamig/pe which cortains only a
Mazedata elemen. The UML for this classis shovn in Fig. 3.

MazeGame

Maze

+new_MazeGame()
+del_MazeGame()
+gamelLoop()

Fig. 3. UML diagram for the MazeGamelass .



Our systemjust needsoneother classto initialize the mazeand to repeatedly
call the gameloop until a termination condition is obtained. This client class
is the main program shown in Listing 2.

Listing 2. The main program for the maze game

program MazeGame_T est

use MazeGame_class

implicit none

type(MazeGame) :: game

logical :: bEndGame=.false., bWonGame

call new_MazeGame(game, 3, 4)

do while (bEndGame .eqv. .false.)

bEndGame = gameloop (game, bWonGame)

end do
print , 'Game Over!'
if (bWonGame .eqv. .true.) then
print , 'Congratulations, you won!'
else
print , 'Bad luck, you lost!"'
end if

call del_-MazeGame(game)
end program MazeGame_T est

A full UML classdiagram for the system has open arrows between classes
which are asseiated with oneanother by virtue of having a Fortran 90/95 use
statemert. For example,our main program MazeGameest, hasan assaiation
with MazeGamelass which can be seenfrom Fig. 4 (as well asfrom Listing
2). The \multiplicit y indicators" on the classesMazeclass and Roontlass
represeh how many objects of one classtype on one side of the assaiation
arrow will be assaiated with one object of the type on the other side. By
default, no multiplicit y indicators implies a one-to-oneassaiation.

The implication of an assiation chain, sud as that shovn between Maze-
Gameélest and Roomn Fig. 4, is that all public ertities of Roonare available
to MazeGameest. Howewer, the global accessnodi ers, and the information-
hiding and renaming facilities provided by the Fortran 90/95 use statemer,
complicate this picture. For examplethe two statemers near the beginning
of MazeGameass :

private
public :: MazeGame, new_MazeGame, del_MazeGame, gamelLoop

imply that only those public ertities which are explicitly listed in this state-
mert can be accessedrom MazeGameest. Speci cally, the only accessby
MazeGameest to ertities in Mazeclass and Roontlass arethosecortrolled
by MazeGameass ; by-passingMazeGamelass to directly manipulate mazes



and roomsis not allowed. We have represeted this \priv atizing" by placing
the symbol \#" (traditionally the \protected" symbol in UML) above the
assaiation link of Fig. 4. Fortran 90/95 is very good at privatizing things
and this form of information hiding is a very good thing for object-orierted
software.

MazeGame_Tes|

#

MazeGame Maze

Room

Fig. 4. Classdiagram for mazevl

4 The Template and Strategy Patterns: mazev2

With all of the attention to encapsulationand information hiding described in

the previoussection,our mazevlprogramrepreseis good software engineering
practice for the implemenation of a single maze game. Design patterns will

now be introduced for the rst time to enablethe program structure to be
generalizedto support di erent mazegames.

Supposewe wanted to have seeral options for an algorithm sud asthe game
logic of the mazegame. The Templatedesignpattern is usedto encapsulate
the invariant part of a particular algorithm in one classand varying parts
in other classes.The Strategy designpattern cortrols the switching between
the varying parts of the algorithm. Thesetwo patterns are commonly used
together.

In the mazegamethe gamelogic can beensplit into two parts. The rst part
contains the main loop which solicitsinput from a user(\Where doyouwant to
go?") and determinesthe status of the game(whether the exit room hasbeen
found). The actual movemer within the mazemight vary with the particular
gamelogic and this can be encapsulatedin a procedure,nextMove(), which
is implemerted in dierent ways in dierent classes.n this version of the



software, we illustrate this by implemerting the original gamelogic aswell as
a newgamewhich doesnot have walls about the rooms.The Templatepattern
is illustrated in Fig. 5 which shaws the splitting of the gameloop betweenthe
original MazeGamelass and the new StandardGameComponentass .

MazeGame

-Maze
-gameType

+gamelLoop()

$

StandardGameComponen

+nextMove()

Fig. 5. lllustration of a Template pattern for the maze gamelogic.

We implemen the switching between di erent movemen strategiesin the
MazeGameass . A ag, gameTypgeneedsto be addedto the MazeGanmgpe
and a casestatemen needsto be addedto the gameLoop()procedureto select
the appropriate versionof nextMove(). The ag will be passedthrough from
the main program in a modi ed MazeGameass constructor. Asscciations
will be maintained between MazeGamelass and the two componert classes
(StandardGameComponentass and NoWallsGameComponecriass ). Bec-
ausethe procedurename nextMoveis usedin eat of the componert classes,
the Fortran 90/95 renaming facility is usedto avoid name con icts within
MazeGameass . Listing 3 shows part of the revised MazeGamelass mod-
ule. The possiblevaluesof the gameTypeag are represeted asthe constaris
STANDARIDNd NOWALL&hich are de ned in the mazev2speci cation state-
merts. Thesenewconstarts have beenmadepublic but all of the other ertities
in the program are still hidden from the main program as before.

Figure 6 shavsthe classdiagramfor this versionof the program.In comparison
with mazevl the old MazeGameass has beenarticulated into a hierarchy
of classes.

In this restructuring to mazev2almost all of the changeshave been local-
ized to MazeGamelass and the game componert classes.Roontlass and
Mazeclass areidertical to thosein mazevl Only the call to the constructor
neededto be modi ed in the main MazeGameest program.



MazeGame_Tes

Maze

MazeGame Room

v v

StandardGame- NoWallsGame-
Component Component

Fig. 6. Classdiagram for mazev2

Listing 3. The rst part of the revised MazeGamelass in mazev2
module MazeGame_class
use StandardGameComponent_class, standardNextMove => nextMove
use NoWallsGameComponent _class, nowallsNextMove => nextMove
implicit none
private
public :: MazeGame, new_MazeGame, del_MazeGame, gamelLoop
public :: STANDARD, NOWALLS
type MazeGame

private
type(Maze) :: maze
integer :: gameType

end type MazeGame
integer , parameter :: STANDARD=0,NOWALLS=1
contains

function gameLoop(this, wonGame) result (res)

select case(thisYgameType)

case (STANDARD)

call standardNextMove(this%maze, iDirection)
case (NOWALLS)

call nowallsNextMove(this%maze,iDirection)
end select

end function gameloop
end module MazeGame._class

The idea of restructuring code to split up algorithms into varying and non-
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varying parts is already familiar to Fortran programmers.In traditional For-
tran programming, this restructuring is carried out using multiple functions
and subroutines but without any additional structure. The Template and
Strategy pattern locate the varying and non-varying parts of algorithms in
identi able classes.This makes the restructuring more formal and evidert
and helpsin reasoningabout programming complexalgorithms.

5 A Factory Pattern: mazev3

We now considera casewhere the maze gameis further extendedto have
roomsin the mazewith dierent properties. Speci cally, we will introduce a
TreasureRoomclass module which will cortain a number of treasureswhich
must be collected by ertering ead room. A treasure room is a room with
additional properties and in object-oriented languageshis relationship would
be modeled by inheritance.

Factory patterns encapsulatethe creation of objects within an inheritance
hierarchy. In the caseof our new version of the mazegame,the software will
needto be able to create mazesmade up of ordinary rooms or of \treasure
rooms". We achiewe this by de ning a GenericRoonclass classwhich has
assiations to both the corvertional Roontlass and the new Treasure-
Roontlass and which createsthe correct object accordingto the value of a

ag.

Before describing the details of the Factory pattern itself, we now take the
opportunity to discusshow to enulate inheritance in Fortran 90/95.

5.1 A newmethal of emulating inheritance in Fortran 90/95

Inheritance specializeshe behavior of a classby adding data and functionality

to it. A parent classin an inheritance chain might model a generalconcept
like a Room. A child of this classmight add ertities sud asdata represeting

treasure and proceduresto add, retrieve and court this treasure.

Fortran 90/95 can enulate inheritance by delegatingfrom the child classto its
parert. There are seeral ways in which this delegationcan be implemerted,
but they all sharecharacteristics of a simple \structural" [1] designpattern:
a client classcalls procedureson one class,the child, in blissful ignoranceof
the fact that a number of thesecalls are being delegatedup to the paren.

A detaileddiscussionof earlier modelsfor implemerting inheritancein Fortran
90/95 can be found in [4,8]. The presen implemertation, found in mazev3
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is shavn in Fig. 7. The extra information neededto specialize a Roomto
a TreasureRoomhas been placed in a new ExtendRoontlass module and
this classprovides methods to read and write this private data. We made
three changesto the Roontlass. The rst was to add a new elemen to
the Roontype which is a pointer referenceto ExtendRoontlass . The second
was to allocate this pointer in the newRoom()constructor. The third was to
add accessoproceduresto obtain pointers to the ExtendRoonobject and to
the Roonobject itself. In TreasureRoomclass we have a constructor which
delegatesto Roontlass and to ExtendRoontlass . The assaiation between
Roontlass and ExtendRoontlass only usesthe ExtendRoontype so that
exisiting code in Roontlass is ignorant of the details of ExtendRoom

This implemertation of inheritance di ers from a simple-mindedassiation
betweenTreasureRoomclass and Roontlass in order to let objects of both
classeshave the sametype (Roomwhile preservingprivacy. If the typeswere
di erent, then the namesof ewery function which is sharedwould needto be
rewritten to explicitly delegateto the parert class.

ExtendRoom

-treasureCount:integer

+getTreasureCount()
+setTreasureCount()

s

Room

-e.>&ra:ExtendRoom,pointer

+éétRoomPtr:Room,pointer
+getRoomExtra:extra,pointe

TreasureRoom

+newTreasureRoom()

Fig. 7. Implementation of an inheritance hierarchy which includes TreasureRoom
and Room
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5.2 Factory pattern implementation

Our Factory pattern is encapsulatedin a new module GenericRoonclass

which maintains assaiationswith both Roontlass and TreasureRoonclass .
Objects of either of theseclassesare createdin the GenericRoomclass con-
structor accordingto the valueof a ag. No other coding is neededn Generic-

Roontlass apart from de ning constarts which represen legal valuesof the
roomtype ag. The situation is shown in Fig. 8.

ExtendRoom

#

Room TreasureRoom

GenericRoom

+PLAIN_ROOM
+TREASURE_ROOM

+newGenericRoom()

Fig. 8. The GenericRoomclass maintains links to both room classesand creates
one or the other accordingto the value of a ag.

5.3 Modi c ations to the rest of the mazegame

The Mazeclass needsto be modi ed slightly to link to GenericRoonxclass ,
rather than directly to Roontlass . It also needsto include a procedure
to court treasure over the ertire maze. There is one additional procedure,
collectTreasure() , which can be called to remove a treasureitem from a
particular room. This proceduredelegatego setTreasureCount() in Extend-
Roonclass .

A further modi cation to Mazeclass is that its default accessmodi er has
now beenmade private. Only a well-de ned set of proceduresand typeshas
beendenotedpublic. This is an additional \priv atization" to that introduced
by the MazeGameass in Sec.3. It makesthe room subsystemin our program
safefrom modi cation by the other, game,subsystem.Theseprivatizations of

13



subsystemsre like the Facadedesignpattern which will be discussedn Sec.6.
A classdiagram for the modi ed MazeGameass is shown in Fig. 9.

GenericRoom

Maze

+getTreasureTotal
+collectTreasure

Fig. 9. The revised Mazeclass usedin version 3 of the mazegame.

The other modi cations to the software are quite straightforward. There is
a new gamecomponern, TreasureGameComponewtass , whosenextMove()
procedureis idertical to that in StandardGameComponentass with the ad-
dition of one line to collect treasure. We have also created one additional
function in eadh game componert to test for specialized game termination
conditions. (The treasure gameneedsto test for the presenceof treasure be-
foreterminating agameand, in general,future gamelogicsmay have their own
termination conditions.) The MazeGameass needsto have a new constart
for the newgametype and the casestatemern to selectthe next move needsto
have an additional option. The test for termination in MazeGameass now
callsthe termination test functions within the gamecomponerts. Finally, the
MazeGameass constructor selectsthe room type basedon the gametype
and passesa room type ag down to the Mazeclass constructor. No signi -
cart changesare neededfor the main MazeGameTestflass . A classdiagram
for the completesystemis shavn in Fig. 11.

6 Design Patterns in a Particle In Cell simulation framew ork

In this section,we brie y descrilke how the designpatterns introduced above
have beenapplied in a living scieri ¢ simulation code. The application is a
framework for Particle in Cell (PIC) plasma simulation. PIC plasma codes
integrate the self-consisteh equationsof motion of a large number of charged
particles in electromagnetic elds. Their basic structure is to calculate the
density of charge, and possibly current, on a xed grid (by calling \deposit"
procedures).Maxwell's equations,or a subsetthereof, are solved on this grid

14



MazeGame_Tes!

Maze

#
1.*
MazeGame GenericRoom
TreasureRoom
StandardGame- NoWallsGame- TreasureGame-
Component Component Component
\ \ \

Room

d

ExtendRoom

Fig. 10. Classdiagram for mazev3

and the forceson all particles are calculated using Newton's Law and the
Lorentz force.Particle motion is advanced(by calling \push" procedures)and
new densitiesare calculatedat the next time step. It is a commonpractice for
scientists to build a setof PIC modelsto study plasmaphenomenaat di ering
levels of complexity: an electrostatic code models particles that respond to
Coulomb forcesonly; electromagneticcodesdeal with particles which interact
to both electric and magnetic elds; relativistic codes deal with relativistic
e ects; multispecies codescan model the interactions of seweral di erent types
of ionsaswell aselectronsin the plasmas.Many of thesePIC code typeshave
a needto treat di ering boundary conditionsand di ering solution techniques
for the electromagnetic elds. A framework for PIC modelsof this type needs
to allow all of thesesubmadelsto be generatedand for common code to be
maintained and reusedbetweenthem.

The starting point for our PIC framework is a simple Fortran 90/95 class
for electrostatic particles which respond to Coulonb forcesonly. The type
declaration descrikes properties of particles, but it doesnot actually cortain

the particle position and velocity data which are stored elsewheren normal
Fortran arrays and are passedo the classin the subroutineargumern \ part ".

The type storesa particle's charge, gm charge to massratio, gbm and the
number of particles of that type, npp. Most of the subroutinesincluded in this
module provide a simple interface to legacycode:

Listing 4. Module for the electrostatic particles classin the PIC framework
module es_particles_class
type particles

integer :: npp

real :: gm, gbm

15



end type

contains

subroutine new_es_particles(this,gm,qgbm)
I "this' is of type 'particles'
I set thisYnpp, this%gm, t his%gbm

subroutine initialize_es_particles(this,part,idimp,npp)
I initialize particle positions and velocities
(includes calls to legacy code)

subroutine charge_deposit (this, part,q)
I deposit particle charge onto mesh
(includes calls to legacy code)

subroutine es_push(this,part, fxyz,dt)
I advance particles in time from forces
(includes calls to legacy code)

subroutine particle_manager(this, part)
I handle boundary conditions
(includes calls to legacy code)

end module es_particles_class

Electromagneticparticles respond to both electric and magneticforces.Their
push procedureis di erent, and there needsto be a current deposit in addi-
tion to the chargedeposit. But the initialization, chargedeposit, and particle
managerare the sameasin the electrostatic classand they can be reused.An
electromagneticparticle classis createdby assaiation with the electrostatic
classin a structural pattern asa substitute for inheritance:

Listing 5. Module for the electromagneticparticles class.
module em_particles_class
use es_particles_class
contains
subroutine em_current _deposit (this, part ,cu,dt)
I deposit particle current onto mesh

subroutine em_push(this, part ,fxyz, bxyz,dt)
I advance particles in time from electromagnetic forces

end module em_particles_class

A Factory pattern can be usedto create particles of the the correcttype. In
commonwith the Factory pattern descritedin Sec.5, a\generic particle" class
is constructedwhich createsstoragefor particlesof the relevant type and which

16



then ensureghat the correcttype of pushand current deposit subroutinesare
chosenfor a given particle type. The implemertation details of this pattern
are described in reference10], but we note that this implemenration usesthe
convertional modeling of inheritance in Fortran 90/95 rather than the trick
descriked in Sec.5.

In the PIC framework, is it now necessaryto createthe correcttype of elds
correspnding to the particles: electrostatic particles needto solwe a Poisson
equationto obtain an electric eld but electromagneticparticles needto solve
the full Maxwell equations for both the electric and magnetic elds. This
variation of elds can alsobe encapsulatedin a eld factory. The creation of
the correct type of eld and for the correct type of particle is an example
of the coordination of families of factory patterns which is an exampleof an
Abstract Factory designpattern.

The Strategy pattern is usedin the PIC framework to encapsulatealgorithms
for solving for the electromagnetic elds under di erent boundary conditions
(periodic, Dirichlet and Neumann). The implemertation of this pattern is
discussedurther in reference[11].

Finally, the Facade pattern hasbeenusedto wrap up a subsystemof the PIC

framework for modelling the plasmaresponseto particles which are acceler-
ated in a particle accelerator.The idea of the Facadepattern is to provide a
simpli ed, high level interfaceto a subsystemlIf onestarts with a well-written

Fortran 90/95 code, it is possibleto turn it into a subsystemwith a facade
in three steps: Instead of a main program, one createsa module, and the
declaration section becomesstatic data in that module. Active code in the
old main program getswrapped up into constructorsand procedures Finally,

someobjects of data will needto be passedbetweenthe new main program
and the old subsystem.These data typeswill needto be de ned inside the
subsystemand the code neededto passthe data will needto be written.

7 Conclusions

In this paper we have discussedhow some object-orierted design patterns
can usefully be incorporated into software written in Fortran 90/95. The de-
sign patterns that we have mertioned, Factory, Strategy, Template, Abstract
Factory and Facade are all concernedwith the encapsulationand reuseof sub-
systemsof Fortran 90/95 programs.|If there is one messagdrom this paper,
it is that Fortran 90/95 programmerscan pro tably direct their designfocus
to encapsulationat the subsystemlevel. As long as subsystemsare clearly
encapsulatedthrough privatization, then minor, object-orierted \sins", sud
asletting somedata ertities be public inside a subsystem,can be tolerated if
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they are neededfor performancereasons.

Other work on designpatterns in Fortran 90/95 hasrecerly appearedin the

literature. In addition to thosereferencedy ourselhesdiscussedn the body

of this paper, we note that [12,13]cortain a discussionof implemertation de-
tails of somepatterns in Fortran 90/95. Clearly there is much scoge for this

discussionto cortinue as the scierii ¢ programming comnunity engagesn

better software engineeringpractice to managegrowing complexity. Similarly,

the advert of Fortran 2003will encouragescieni ¢ programmersto consider
how patterns might best be incorporated into that language.We note that

well-written Fortran 90/95 code which usesdesign patterns to encapsulate
subsystemsshould be more easily reuseda mixed Fortran 2003/90/95 frame-
work than onewhich is not.
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