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ABSTRACT

Recently, reverse engineering has become widely recognized as a valuable
process for extracting system abstractions and design information from existing software.
The proposed research will focus on ForUML, a reverse engineering tool developed to
extract UML diagrams from modern, object-oriented Fortran programs. Generally, Fortran
is used to implement scientific and engineering software in various domains, such as
weather forecasting, astrophysics, and engineering design. Methods for visualizing the
existing design of object-oriented Fortran software, however, are lacking. UML diagrams
of the Fortran software would help scientists and engineers communicate about the
structure and behavior of their programs at a higher level of abstraction than the source
code itself. UML diagrams can enhance discussions within development teams and with
the broader scientific community.

The first version of ForUML produces only UML class diagrams. Class
diagrams provide a useful window into the static structure of a program, including the
make-up of each class and the relationships between classes. However, class diagrams
lack temporal needed to understand class behavior and interactions between classes.
UML sequence diagrams provide such important algorithmic information.

Therefore, the researcher proposes to extend ForUML to extract UML
sequence diagrams from Fortran code and to offer this capability via a widely used open-

source platform. This research argues that the proposed capability will enable the



(8)

visualization of object-oriented Fortran software behavior and algorithmic structure and
thereby enhance the development, maintenance practices, decision processes, and

communications in the scientific and engineering software community worldwide.

Keywords: Reverse Engineering, Fortran, UML Sequence Diagram, Software Engineering
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2.1 wmalulagNne19a9

walulagNingavesluauide lawn anssudoundu (Reverse Engineering)
giduuaaiudiluima (UML Meta Model) tondidule (XML Metadata Interchange: XMI)
AwIesunsU (Fortran) 1A3asile ForUML wazgiduweadiniudlaszunsy (UML Sequence

Diagram)

2.1.1 AAnssudaundu (Reverse Engineering)
Amnssudeundudunssuiunmsinseissuy WevrssyauUsynauresssuy

WALAMUFUNUTTEMINAIUUTENDUVBITEUU 1AALIINNITHANILUUIIADIUDITLUUIUNIINES

Aduuusssunsedanliiisusne wWelraiursatunldlunisiasieilaseadianisinaunazin

Y

AU N sInUluwsazduasszuule Ineiimnssudaunauiululavinnisilasuwlainis

YIN9IUYDITTUU WSVl iaNaansIuu v (Abran, et al,, 2001)



nsviienssueundudmsurenduislaediulnganieadesiuvesaldn
mﬂﬂ%’j\‘l%ﬁﬂﬂdﬁ AFINTIUTHATOUNGU (Reverse Code Engineering) %ﬂ%uﬁjuﬂismumi
Ainszidiing 4 vewedaldn Wevaudilavesaldalusdazdiu Tnedmnssusiadoundu
fnaglddmsunisinsieisialuun3 (Binary Code) (Willems and Freiling, 2012) faag1auau
gorivdolusunsuilfoulutihetuiy egluglvessialunivioaglusuuuuveaniviaios
fuywdlilanunsasundevhanudilald dwmiuiogisveswenduiiiannsaiinisimass
Hounduansialuuinduinegluzuveswesalén (Decompile) thy ldur Jad (Rukin, 2017) §4
Humorlduaiannsauvassialuuidvesnvean wu lndfsiuwana class ielvinduneg
TusUvoswesaldafiiniauivendurfarunsosuuazsinanudlald uenanivenduasi
Ardesdviminssudeunduludagiuiauaiuisalunisuvasdeyalugunvusng q 7
waInvae LU ArgoUML (Bogdan, et al., 2018), Modelio (Modeliosoft, 2017), UML Designer
(Obeo, 2017) uay Umbrello (Team, 2017) swawduasfananaziauannsandn Ae ns
wUasesaldnlinduiiaglusUresaidunealnozunsy 1wy guneanaalaozunsy uazgLdy

~ = ° o ! o a
LLaa?jLﬂﬁusﬂﬂazLLﬂiu “Nﬂi%‘l_l"]umi‘l/l’]\‘i’]umﬂm?LL&@GNE‘U‘W 2.1

Software Engineering Tool

— E—
XMI/XML

Source Code UML Diagram

Document Generation
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nszvuMsimnssudoundvaziuiudniniwesaldndndiniesiioimnssu foundu Faniw
vesgasaldatuariuegiuaruaiuisnvenniosde Wy 21919121 nrwivesunsu
AwEndanda wion1wsy q ndntueiesdiosrhmsiezivesalAniiefumlaseEdng
uazANdIUSYe9szUY Tnsaziiuaglusunuuves XML Metadata Interchange (XMI) Gaidiu
sduuuidenldlumsuanidsudeyaifiouansgifunealnozunsu (Linzhang, et al,, 2017;
Mythily, et al., 2018; Nikulchev and Deryugina, 2016) 1u%u’umaufjmﬁwam%aﬁamﬁmmw
dounauazriinisadisgidunealaezinsy 1y giduueanadlnezwnIy wazgduwoadAIug
[ZRETR

Andritsos kag Miller (Andritsos and Miller, 2001) lanafeszuuwandwIsiae

] = & a o ¥ o [ & < = & [ 4
muimy,mammmqmmu ﬂ’]ﬁ/l"i]%ﬂ/l’]ﬂ’ﬂﬂl,“lﬂi’i] LLﬁ%U’]?QiﬂU’]UULUHLi@Q‘U’]ﬂ U’Nﬂiﬂﬁ]’]"\]ﬂ/ﬂi‘lﬁ

' (% (%
a a = YY) 1% o

seuuldiuseansam waslianldnemugy Auguuadmnssugeniuasdsliniud Ay
'y} I =~ A A Yo a ¢ & = ¥ o | =
AUN158519A3095 879281 NILATILNTZUVAINNTAUDIAUD L ASIAS199ITLUUAINATD T4
= = Y a Py ~ Ao o a ¢ s A
w3nsdlensanuimnssudouiiunumnddgluimnssugendwisasl
(1) n1531AT189/LUSUNSY (Program Analysis) agtduni1sitAsng s
& v v v A a % | = =
wosalAn waznsaiadeyaiiieItes 1w aana visewwien (Methods)
(2) n135u3usu (Plan Recognition) agilun1sseyguuuu (Pattern) lng
sUkvutueaazduguuuuvemginssunselasiasnavedssuy
(3) N1sfmuakLIAn (Concept Assignment) azdun15AUMIFULUY
Aeluszuu Ingagsiuludan1sAunlasas19ve9wasalAnLarANALNUS TEIN999AUSEN DU
YDITTUU
(@) n15as19ena1svuluy (Re-documentation) aztdun1sas1aLanans
dmsussuunlifivenans visessuuiauenaslulagnisusuls
AMINTIUIDUNFUILYIY LU NWAUILT LI LASIFS19UDIT L UUTBNAWISNL YU
ey lnelanizeg1edaszuunaauninisiauiseiiosiuun Inenssuuimaidagiiusyuuni
ANUFUEoU Lare199tliTlleNaTIIeNAINITOBNKUY NIBLBNAIINITEDNLUUIAGYMNIE Y30

enansnseenwuulilasunisusuugslimsmueuduads duldmnssudounduisaunse
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2.1.2 giduuaauilung (UML Meta Model)
< < S99 Yo o a ' = 1y
giduwaallunuilddmivesuglumasig q dadunnsgilunsairalung
a o = < o [ ¥ a ¢ Y v s s < o
Baing viseluanasgrudmivaiavuiniderlvifussuueeniwis Tnegduweagniiluldly
N15A59UNBIVBITTUY MNUATIEALLBLAVRITTUY Uaztgiaunsyuy dmiuludlunagy
Juleadilddwsveduiglumatu 9 gduueawsilumaiiingussasdiionnuadinaiiy
Y09NEENIUS (Syntax) wazaumunedmsulasasne vieesdusznoulugdunealuna 3
wanlaeaszdrsliiniawndrlateanunungvedunaideinisazdelagndenseiu uag

A998 19U 9 MHRTInuNInIgIuTeIEIduLea

User Objects

sU# 2.2 anUnenssumdnluea 4 wé'fmmglﬁmt,aa (Medvidovic, et al., 2002)

31n3U7 2.2 WWunswandiiiuisaardaenssuwdlumavetgiduneans 4

seu Inefseiuanedn User Objects delansdiesngasidenvoding 1w Chair, Desk lusedaudn

(%
[ 0 1

11 Az JulumantidmsuaSuiefeingiu Wwu Product, Unit, Price, Sale, Detail Tusesudaun

q

Meta Model ag1lulunanlidinsuesuielamaiudnil 1wu Class, Attribute, Operation Tu
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o

JEAUANTINY Meta-Meta Model azilulunalidmsuasuietudluimatnedu 1y MetaClass,

MetaAtribute, MetaOperation

Meta-Model UseCase

of Use Cases

+tilte

diagram

Model
y Orderltem

of Use Cases

diagram

e \alidateCart

Y
[

3UN 2.3 dregruualunavesseuudetedum

1
v A

= [ Y 1 1% y a 1% = I £
ﬂ’]ﬂE‘U‘V] 2.3 WUNISLENIAI98 1A ULAA895EUUAITDEUAT T9agtUulimn

lunaiesungfsgainalnovunsy (Use Case Diagram) 90358 UUs@odum lngtudilunadl
zuansegtuglvasnadlnosunsuiilddmsvesuetdunavesyanalaezinsy Inenlunaves

I3 a = s o ° = v o
EJﬁLﬂﬁlﬂE]gLLﬂﬁNQ%LUUﬂWi@ﬁUWﬂﬂﬂﬁﬂﬂsﬁUﬂqﬁmqﬂqu%@\‘ﬁgUU E-store #9Usgnaung 2 WAL

Y

Ao {ldurinsds@eduan (Orderltem) wagildauyinn1snsivaeungnindus (ValidateCart)

v
A a ¥

Fudetlunagawndlaesunsuunaiaduudilusagandlaezunsuvesssuud@oduiagla

AANATIIVIIA 3 ARNE AR Actor wansd Jldaulasinsivunsiuazidenveseyly UseCase

Y

= & o IS o a dl' ¢ =
LL?WNZN‘WQﬂ“UUﬂ'ﬁ‘Vl’NWusUax‘ﬁg‘U‘UIWEJllﬂ’ﬁﬂ’]MUWiqEJaSLi’JEJWU@Q“U@WQﬂ“UU e System LLaAdng
v s

szUUlAglNISANTNUASIOAZLDEATDITRSTEUU tAEYTIY 3 AANd8TANUFURUSAULNDLARS

Twadeansviuvetyandlaaz N sudIRY

2.1.3 wndidule (XML Metadata Interchange: XMI)

ondduleduguiuunnsgiuves OMG (Object Management Group) (OMG,

2017) MuanslmiuieneazidealunisuaniUasudeyavesgduuealuna Jaazegluguuuuves

=

¢ PN s v I o v A o Y
ndsLenglauLaa (XML) Vlmmmmumaagaaﬂulvm LLa3373J']30U']‘UE]H6‘VIUU‘VWVL’JN']LLﬁﬁN
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] v

waldtiugendnaisedu Tnstendiduueaiiuniun Markup vianisiigniimuilag WaC
(World Wide Web Consortium) (Bray, et al., 2008) lnafiuwifiandn fe iudeyauinsgiu
dnfunanBsudoyaluunaniefufiuandieiu duniwiendiduneaiadunwiiooniuy
soidunwinanslunisuanidsuteyavesnwifunsguiuendeiuludagtueu nns
uanidsudeyassuinsmesalnnvamiugiBuuealaesinsy dufuienarsendidulotui
anvaziluonaisiendidunaalaedesdusznou (Elements) uazuonnsdom (Attributes) {uly
PILNATFILTDT OMG Feaskusznauiidrdnyosondidulouanseandeaduiolui

(1) wnasiendiaulefinsimuanestuvsendlduwoauaznisinsig
YBINTATINAIBENUTU <? XML version="1.0" ENCODING="UTF-8" 7>

(2) onasiendiduledinisivuaieiduvesgidunealnosunsuuay
ndoulosndegiadu <umlt:Model xmlins:uml="http://schema.omg.org/spec/UML/2.1.1"
xmlns:xmi="http://schema.omsg.org/spec/XMI/2.1" xmi:version="2.1" >

(3) wenasiendidulefinisivunsivaziBenuenauyssanvesgidy

woalnozlnINUNAIDENTU <packagedElement xmiztype="uml:Interaction” xmi:id="xxx" >

<xmi:XMI xmiIns:UML="http://schema.omg.org/spec/UML/1.4"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1">
<UML:Package xmi:id="ppp" xmi:label="p1">
<ownedElement xmi:type="UML:Class" xmi:id="ccc" xmi:label="¢c1">
<feature xmi:type="UML:Attribute" xmi:label="a1"/>
<feature xmi:type="UML:Attribute" xmi:label="a2"/>
</ownedElement>
</UML:Package>
</xmi:XMI>

1
Y 1

JUN 2.4 fredsvesenansiondioule

1n3U7 2.4 1Wunsuansiiednswesienansiondidule deenaisiendidule
fsnanazfuenansilddmivuansieyavesgiduneanaralnezunsy lngazddeimunniy
sULUUYDI OMG fiszyfiesduvesgidunealnerunsy Aa xmins:UML="http:/schema.
omg.org/spec/UML/1.4" nestuveatendidule fAe xmlns:xmi="http://schema.omg.org
/spec/XMI/2.1" IngasAUsznoulio ownedElement szfin1sinualsslanvedgdunea

Tnezunsuilunadlaozunsutiu Ao xmitype="UML:Class" Ingazinunalaainiuvesnad Ao
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xmizid="ccc" uazdipvoinand Ae xmilabel="c1" Fsneldosrusznau ownedElement giins
MUUALEAYNITINUBIAANANI0I18aLLD8ATBIAATE A xmiitype="UML:Attribute" Ineiltouad

WaRNSU bonkA xmizlabel="a1" waz xmi:label="a2" amuansu

214 gLé‘mLLaa%Lmuﬁlmamniu (UML Sequence Diagram)

gfuneatiemudlaszunsnduununwiiuandiiiiufamnnnisal (Scenarios) i3]
AnsRTesuvessiazgaaa (Use Case) wazuansfanisufduiusfuseninsinglunudrdiu
Y231 LA8LUANRIEIRUNITAIES (Messages) Nusendneing (Bell, 2004) gLSNLL@ﬁ%LﬂUu%
lnorunsutsznoudieiu 2 wnu Ao WNuLUIRITILARITIRIFUIAIIBINTTAIANT WazkNY
wuaueufinansiansdsansvesingludlailat (Lifeline) Tnonnsujdusiusiuszninedngdl
osfUsznauil
(1) Fove3ing (Object Name) Lunsszydovesinquulailat Tasing
sgdinsihauseandgluun
2 latilar] WHuduussiianauundainiag
(3) M3AfiuaTy (Activation) lunisuansiandesdindsuiioguuidy
voslarilard Tneaslfunutananmsvihonuidnduuuladied
dnfuasfidssenineingiu wanadesudl 2.5 Seasdidnuasdsil
(1) @15&u715 (Synchronous Message) LJunsdsansiuusonaufnau
viiensreundunaufiagyeudu 4 dely

(2) @a150@ua15 (Asynchronous Message) 1unsasaisuuulisonas

YYI o

ey Feagliiinveaviauvesdds i liddenansarinnuseilieda

Y

(3) arsfioundu (Return Message) tWunsdanslunsdifdumasunis

fnsawallangn1ameslinisinmanau
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Instance?2 : Object2

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
1
|
|
|
|
'

Instancel : Objectl

synchronousMessage()

\4

asynchronousMessage()

A\ 4

returnMessage(

AN

l v
Y

UM 2.5 M3dsansseninaingia 3 wuu

9

9 i ' v w s v o ¢ = A
asnananazUsvanamuduiussenieinguulaiiad lngasiignasiveusven
AN190eaNTeing  Agnasseninedng uasiindesdvisunuiveniniunauazUalen1avesans
- v =] ' ! 6 L4 [ v
nludauion lunmsnevauswwesansusiazasazgnuandlaggnassenindlaillatvesingaesng
IngdevesarsiuaniuugnastzUsenauluaistovesilendunisvineu uastediuusves
a1sinuuAninssenldnoudernly dusuansndunidiesasuanslaglignasiunduuni

Talauiiy

2.1.5 M nasunsu (Fortran)

aweunsudunviieenuuuiiieyssgndldsulusuiiieadesiudia
(Metcalf, 2011; Reid, 2003; Reid, 2008) 131 41UAWINYIA1AASLALIAINTTUAIAAT AT
“FORTRAN” 1Jum1gau191n FORmula TRANslation Tnaniwinesunsutiunislusunsy
sefugenwusnaastan Gaduduiamiuluvaed aa. 1953 Tnsusdn lodidu (1BM) wiily
Tae 90%u wuaRa (John Backus) wazlsineunslyfugldenuiled a.a. 1957 lnednnsiaun
L'%laﬂmé'?m@i Fortran |, Fortran li, Fortran lv, Fortran 66, Fortran 77, Fortran 90, Fortran 95,

Fortran 2003 Wag Fortran 2008 @sfin1sweunstud a.a. 2010 wazlanareifusinsguninng

Tgaueglulagiu
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Jaqtunrwinesunsulagnimunlvidnwaueideing (Object-Oriented)

a 1 !

WULAEIAUNI®IR17T U39 FINaANTd 139L38N8N881931 Modern Fortran (Clerman and
Spector, 2011) wislisossunisiaugendusfidanududon uazdunisimdnnisnied
Amnssureniuasindszandlilvieenduiiuseansnmanndstulaianissendiuasniedin
Igransuazimngsy awmiulanduninermansiazinIden1annuiminssurenAwIsInuIY
unlmuaulanaziinisydn Modern Fortran snlalunisimuigenaunas (Barbieri, et al,,
2011; Budiardja, et al., 2012; Morris, et al., 2012; Rouson, et al., 2010) uanainiludaqsy

nanAaUlNLaesAIUSUN YNBSS UINLIULNN baaun liReulwaasianuaIunsaTeIsU

ey

Modern Fortran 1% Numerical Algorithm Group (NAG) (Brian, 2016), GNU Fortran
(Paul, et al., 2016), IBM XL Fortran (IBM, 2016), Cary (Cray, 2016), kag Intel Fortran (Intel,

2016)

a = = 19 a o ' ¢
MN19191 2.1 ﬂ']'iLUiElUW]EJUIﬂ'ﬁ\TaTNSU@QﬂqU']L?]\T’J(?]Qig‘lﬁﬁ']\'iﬂ'ﬁfﬂwaiLL‘Vﬁu LLAaENIYI19131

(Rouson, et al., 2010)

Object-Oriented Equivalent Fortran Java
Abstract Data Type (ADT) Derived Type Class
Attribute Component Property
Method Type-bound Procedure Method
Parent Class Parent Type Base Class
Child Class Extend Type Subclass
Package Module Package
Static Polymorphism Generic Interface Overloading
Deferred Procedure

Abstract Method Abstract
Binding

Primitive Type Intrinsic Type Primitive Type
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91A15199 2.1 wansliiudeiegninsiuieuiisulasiadnweanivndaing

(%
0

FEMINNLINBSWNTUKAZ N1 Taein1wia1tudun e denldluni1si@eulusensusda

Inglutiagtiu (EEE, 2017) vaszfinwinesunsuleainuandindfyvosniwndelng wu ns
dunennuaud (Inheritance) N15%ee3U (Polymorphism) n1353nassuuunads (Dynamic Type
Allocation) kagn3fruAvaUAN1TYeY (Type-bound Procedures) dudlothnnwanuas
A lesunsuniisuiisulassairadeinganunsnssyduiiddyifamundieadaiude Tu

A1¥1919198UNTATNAAFVUNLNOTEYTI8ALLDEANITNIIUAIN 9 Y8I58UU Talun1w)

' ¥
1 A a U L%

NasunIuALINITas19Aa1EYULILAEINTNAN1TYIN UM puiuLAaE Tt aSan N1 ULy Ao
Type wansfin15199 2.2 lunrwaniaziinsivunuiiainaesna1aduioszynsineuyes

aanadegnelduiiainale Fdluniwivesunsusziinnsinuauiininavesnanaluumiioudy

' [
a a1 % U A

LA HNUNINNNTYINN UL UNULALTTOS8NTAN9AULY A Module kandmIn1519n 2.3 Tu
N1¥19177198ANITASLUTDATULLAND AINUANITYINUVEIRaNE Feluntevasunsuaziingg

A5 UNDAT UL LMD UM LAToAvRIN ¥ INDSUNTUTUALTIN1SHUIEILN SN ueandy 2

@ al

wilen Ao wileaduiledu (Function) uazwfienddudugiiu (Subroutine) lnefiwfionves

NM¥191715U2 L NS LUIEIUNI SN NULAATULARIFINNS19N 2.4

i v 1 s v 1 s
A15197 2.2 AegnsgesalanludiunaaueInINeILNTY

¢ v 1
PasalanN1INDTUNTUY

M A

type A fnsasnarananidein A lmentgluranalinisasnafiands

real : x At dusuIuasyen x

end type A
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A15199 2.3 FegrawasalanludIuLiniNavaIN I NaSWNTU

gasalann1wIasNsUY

= o < Aad v & a
UNFATNLNALAINUYDIN class B Iﬂ&JmEJsLG]LLWﬂLﬂ?ﬂiJmi

module class_B

type B a519Pa1a73%971 B lngnelunaiainisas1esnusid
intecer :: - o A
By il dudiavdein y

end type B

end module class_B

A1519% 2.4 fegragesalinludiufionrain1enasinsuy

-4 14 -4 [J a
FDIALANNTINDIUNTUY AD3UNY

subroutine method_1 (this) finsasrauifioniludugiiutiodn method_t
type(A), intent(in) :: this TaaneludusAuinisusen1AAa1ad9791 A wag

Y

real :: x Avusuieailliliiinnsdsaindu Snsadresn

X = method 2 (thlS) A a & o a A a a Y]
- WUSNUYUALUUIIUIUITITBIN X llﬂ']ilﬁﬁ]ﬂisﬂ\ﬂu

end subroutine method_1 o o - .
wuURleAgulUgs method_2 Taeniurnagluduys x

, , fnsasrsuieaduilentudain method 2
function method_2 (this) result (y) -

e, o) & Ingaeluilanduinisusenianatadodn Auag
end function method_2 fvuaiendliinsdsindususiuwls v

ey lUNMeIaing Wy 11819177 kaznwIndanda aziinsiivualinana

-4

Uszneumedeyanaziuieniinsuuasieduawaud (nstance) vospand Lielsenn13vinanu
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module class_Circle
implicit none
private

public :: Circle, circle_area, circle_print

real :: pi = 3.1415926535897931d@® ! Class-wide private constant

type Circle
real :: radius
end type Circle
contains

function circle_area(this) result(area)
type(Circle), intent(in) :: this
real :: area
area = pi * thiskradius*#*2

end function circle_area

subroutine circle_print(this)
type(Circle), intent(in) :: this

real :: area
area = circle_area(this) ! Call the circle_area function
print *, 'Circle: r = ', this%radius, ' area = ', area

end subroutine circle_print

end module class_Circle

program circle_test
use class_Circle

implicit none

type(Circle) :: ¢ ! Declare a variable of type Circle.
c = Circle(1.5) ! Use the implicit constructor, radius = 1.5.
call circle_print(c) ! Call a class subroutine

end program circle_ test

JUN 2.6 Magrawesalannwimasunsu (Akin, 2003)

1n5U7 2.6 1Wunsuansfiegnsveseesaldnniwinlosunsy Usznaudie 2
Aana Ao circle test wa Circle lngpana circle_test azviminidulusunsundnifioonnis
vhauwesnana Circle flagnneldfuega class Circle TngaziimsiFonmsvihanuildudugiu fo
call circle_print(c) Fvaziinistmuanisidenldaludmana Circle kusauds c andunely
Fugitude circle print ¥eeAana Circle aziln1siFennisviauiifuileddy Ao area =

circle_area(this) #sazdnisienlrauilsndunlunaiafeniu
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Fortran code
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gouneadiniudlnezunsy IngazisuduainniseantuugduLeadimudlaorunsuuslung
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Yaangusiazde eudlunailazwanseglusvesnaialaevunsy lngaslulunanilidmsy
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nsuandgudeyasenineiy
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n1seenLUUgduLeaTiAIudlezunIui lunavEiansuInANduRLS

seningesalanniwnesunsunazianasiondiduleludiuveinisasreranalaeznsudslayn
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ngeniiIg ForUML lunwideneunthil@sideannsaindeyaunaiunileguaiunussyndly
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A

uld sndiegraudu nsihdeyadevesranausazaatauiadiinduduwuidavsonisanid
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M151991 3.1 ngnisulasgesalinnivinesunsudugduueanardlaozunsudseglugluuuves

wngLdule (Rouson, et al,, 2010)

Fortran ‘ XMI Elements
Derived Type UML: Class
Type-bound Procedure UML: Operation
Dummy Argument UML: Parameter
Component UML: Attribute
Intrinsic type UML: DataType
Parent Type UML: Generalization.parent
Extended Type UML: Generalization.child
Composite UML: Association (The aggregation property as
‘composite’)

dusutenansiandiduleludiuvesnisasseaalaezunsuilauianeenanag

va o

ForUML 9zlasnainngnisuiaseesalanniuinesunsunansfsnisnen 3.1 deidelamdenty
d11v99 Derived Type, Type-bound Procedure, Dummy Argument Lag Component 11
Uszgnaldlunisadengnisulasesaldnnwivesunsulugduueatiniudlnasunsuiiuun
luniseanuuungnisulasvesalanniwivesunswilugiduueadiniud
lpazunsuazinisfinwiseazidenvetenaisiendouleludiuresnsasiedimudlaesunsy &
Wugukuunnsguves Object Management Group (OMG) Tiuandliiiuieseazidendoya
< & A 9gvo o a ' <
vosgidunealing ngasiduguuuuielddmsuesurganuningvengsi q Tunsuvaadu
I = A 9 v g a 1% v o w
gLuweadinIuglaszunsy uastitaldiduminsgrunanslunisuaniud sudeyasenineiu dmsu
¥ <

fegrnenarsiendidulenidoyavesgidnueadiniudlaezunsuasuansdagun 3.4 39

Jsznaume



32

module class_Person <<Class>> <<Class>>
type Person Pelrson Datle
private » I date o R
character (len=30) :: name i >
type (Date) :: birthday I |
end type Person :<_-x ---------- 1
contains ! !
function make Person (name, s, b) result (who)
character (Ilen=*), optional, intent(in) :: name <?xml version="1.0" encoding="UTF-8"?>
type (Date), optional, intent(in) :: b ! birthday <uml:Model xmi:version="2.1" name="forum|">
_ type (Person) :: who <packagedElement xmi:type="uml:Interaction"
who = Person (" ",date_(1,1,0)) ! defaults | name="Interaction">
end function <lifeline xmi:type="uml:Lifeline"
end module class Person xmi:id="66rKFjKG" name="Person" />
h <lifeline xmi:type="uml:Lifeline"
xmi:id="AqACIQgV" name="Date" />
module class Date <message xmi:type="uml:Message"
type Date xmi:id =“UYew8tV" name="date ()"
private receiveEvent="Date"
integer :: month, day, year sendEvent="Person"/>
end type Date <message xmi:type="uml:Message"
contains xmi:id="Xhr8sYT" name="x"
function date_ (m, d, y) result (x) messageSort="reply"
receiveEvent="Person"
end function Date sendEvent="Date"/>
end module class_Date </packagedElement>

</uml:Model>

JUN 3.4 fegvevenaisiendiduledmiu guueadiniudlaezunsuvedlusunsulunim

Nosunsu

(1) xmiztype="uml:Lifeline" azidugunuuiilifmunneazdenvedlailay lng
§i xmisid="66rKFKG" dumneavriuredlaila waz name="Person’ fiuansdavaslailall

(2) xmi:type="uml:Message" %LﬁugﬂLLUUﬁI”iﬁmumwazL%ﬂmmmi Taedl
xmi:id="Xhr8sYT" 1Junueiaafiiuvesans messageSort="reply" L@AIUTLLANVDIANT
name="Person" LLam%aﬁuaqms receiveEvent="Person" LLamDLamaﬁﬁ%’Umi ey sendEvent=
'Date” wanslalatifidens

o

dmiuniseenwuungniswiasgesalannivinesunsulugduueadiniud
1aoehnsULUALTTUADUNAN ABD NITUIAINTUAUNUSTLUING AST LUALULAAYDIN1 N
Wosunsunazionansiandidule lasudluinavesisansasidulumanldidudiunuvaluma

VANUARIAIFUN 3.5
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Fortran
Code Mapping rules

1

! 1

1 .
Conform to Conform to

) .
AST Sequence
Metamodel Diagram

Metamodel

JUT 3.5 nsruiuntsulaswesaldnnvimesunsuilugduweatiniudlnezunsy

91n3U7 3.5 WJunszuiunsulassesaldnn wivesunsudugduneadiniug

Tapzunsy Faagusynausig AST Metamodel Fauduiudlananianuaenndasiueosalan
s . = & v aa v Y]

A INBIUNTU ae Sequence Diagram Metamodel Fadulumlunaninudonaa9div
enansiendidule lnefideyaves AST Metamodel azldunainnisuendiuusenausig o veq
gosalAnN1ulaus1s OFP 21nUuazNdIuUTENaUAY 9 VDI AlANNIATMUAAIUENWUS
X a Y s Y s I3 & a P
Fuanlagaziinisadingnisulasesalanniwivesunsulugduneadiniudlaozinsuiiie
° 1% ¢ & a v .
Avuaunsgulunisasiaenansiendidule lnefiveyaves Sequence Diagram Metamodel
snilulumudeimvunvesgduueaiestu 2.1 Fuluumsguignivualag OMG

MaIINN1SAN BRI VTR DULEATA LS lABZLNTUAINBNETSTIEAZBEN
Y93gLduLoa (OMG, 2017) wazngnisuiasgiduneadiniudlaazunsufilauiainnisdn
I55UNTSUNLNEIVD (Li, et al,, 2014; Merah, 2014, Sawprakhon and Limpiyakorn, 2014)
va Y o 4 1% s I <@ s % r-:’lj
AIelamruangnisuuaseialannwinesunsudugduweadiniudlnosunsulinad

1) ngdwmsunsasielailad

2) ngdmsumsasiansseyinelalad

3) nQdmSuMvuANSSULATEIURaNSTiRTY

4)  ngdmSuimuaMsSuiuLagauganITALEu

5 Q@ msuiruamsaiivauvesansuulaila

6) NOAMTUNITATNNTDUVDILAUNN
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3.3 WAIUITZUULDNALIS

#a99INMINIsBeNLUUNTEUIUNTTWlaweTalAnn 1w Iesunsudugduwes
Fieudlassunsy wazvinsesnwuungnisuiawesaldnniwinesunsudugduweadiniud
lpezunsuazinlimsuianszuiunsinnureszuu lngasiinsimunlugluuuresaaniioy
wauUnAAtu (Desktop Application) Fsagldnwarinlunisiwaun esainiilausidfisessu

o o [y

amsunsiauILeUnaIATY 1wl Open Fortran Parser (OFP) waganunsallaldanunsunaiatu
flasretumldynunanrlosu dwiuiaiesdiofildluniswamn 18ud Netbeans daduedosiiod
Pavlunnfoulusunsunvian uasnewnadledaduinioslofazlddmivuansgidunea
Fimudlrozunsutumanenatsiendidule tnefiseasdonvecensaus waveonsuasildly
AsRIsEUUR D

easdunvesansausTidlunswaussu

(1) CPU: Intel Core i7-6700HQ

(2) Graphics: Intel HD Graphics 530 + Nvidia GeForce GTX 950M

(3) RAM: 8GB DDR3L SDRAM (2 x 4GB)

(4) Storage: 1TB 5400 rpm SATA

MeasdunvessruUUfRnng wagrerduFldlun sy uy

(1) Microsoft Windows 10 Pro Professional 64 bit

(2) NetBeans IDE 13957 8.2

(3) Java Development Kit 1195%u 1.8

(4) Modelio 1io3%u 3.7

IngnasanfinauszuuEsawds §Ideasinszsuufinauduluyinisusediune

Augnipsdsazliasuludrudnly
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3.4 Uszidiunandnugndesvainisulasvasaldnnievasunsulugduneadiniug

lnozwnsy

NsUsElURanNgNABIvRINA NS TLANIAINNSLUase SalAn A wINe S UNTU
Jugiduueatiaudlaozunsy ssussfiunnmaUioudisunadnsilaseninunosiis ForuML

LagosalANYRITEUUTIIENTUIMIEHIToLRY Tnetunaulun1siiaisanagisuduainnis

a

AU ILIUdIuUTEnouveswetalAnnslusr U IuATfIdeAmuall 1ntuIEiinig
nsrvdeuTIUINteyaludmutlnezunsulinuaenndosiugeSalARAINGTT NARINTUILIN

nswWSpuiisuiiuiudlsenevreswesalaniinmualivasduiudeyalugduuea dimiud

Ao 1Y U 2 vaw Yy = = o o !
iﬂagLLﬂimﬂﬂﬂquaaﬂﬂaaﬂﬂu 621\‘1Ebl')‘i]EJ‘lﬂllﬂ’]iL?JEIUIU?LLﬂi@ﬂJu@JqUU'ﬁ]’]u’Jua'JUU'igﬂ@UsUaﬂ

FR5ALAALNDANAITURANAIANDIAATVUIINAITTUAIYADY  LA8FTIUIUAIUYTLNDUVD

a v

gosalanneluszuuilammualitead

(1) S1urunaasruniiinissonldnunelussuu Fsavdeudunaraiadis
Juognieldufininadeluntwivesunsuaglidrituega (Module) wiotfuldsunsundn
(Program Main)

(2) UL aInuanin1sisonldaruatneatadulinduntely F99

=

AsouAgulURsilanduasdugiu

Y

[
=

(3) UL enlTNUVBIRRTU L NARTUN e TusEUU
(4) Imumsisenldnuresiugiuiauaininduniglussuy

A U

(5) 47uu Statements Wevuadiiinsi3onldanuilsiduniodusiu Fadu
Statements ludurasdouly madendifivarsdouly uaznishdnfiinisdenldeuiaiy
nelu

Mndnnudusznevvesealdamelussuuitiumaaeudsuduiudoya
TudhuvewosaldnfiddgyiiAsrdesiunsagdueatinudlnozunsy faazasandasiung
fildvhnseenuuuly A 1) Srnuemaimunazasnadostungdmiumsasislailay uazng
dmsuimuansdniiunuvesansuulailay 2) Suuafienimuaazasnndestungdmiy

AsasneassenIglailay 3) I1uunissenlgauYeIlan TUNINUe LaEIIWIUNISSEN TN
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[%
= v

maq%’ugwumwm%aamé’aﬁuﬂgé’m%’uﬁmumms%’uLLazdwmmiﬁLﬁmsﬁu waznydmiu
ﬁmu@msL‘%'mémas?:uq@msoﬁ’wLﬁumu 4) $117u Statements favinazaenadesiunndmMsy
MTASINTOUVBILNUAM Bedvndrurudeyaindruusznauvessesalinnielusyuuiiien
nageuasIUTIutoyavesgdueadiaudlaozunsuildinniaiedle Tefiarsunlédn
gofiETimugndes dwsugordiiiinnldlunimeasuditd

(1) ForTrilinos (ForTrilinos, 2017) tfugenduislemugesanisumasinegdou
shemwlesunsuileenld Trilinos Mdurendaindndaseneusmeyaveslausiililunis
whlgynvesiennaipdulusiuine manstazirnssueans

(2) PSBLAS (PSBLAS, 2017) LfJu%Wﬁms‘Iaqu%aéaﬁisﬂummfﬂmﬂﬁym
Parallel sparse matrix Jsimulagldinnwnesunsuesdu 2003

(3) MLD2P4 (MLD2P4, 2017) tJusenduislowmugesanldlunisudlolaym
SrUULBaEU (Linear System) swmunlpgldnwvasunsunastu 2003

dnsumgralumsfinsandensendunsimageutuaziansanangonduasi
fnswantuananawnesunsuiiidunividelng uaslinsimuntusldouluguves

a I a 4 I I3 saa v I a
INYIATERNILASIAINTIUATANT LLﬁgLUu%@W@LLJiWNﬂWﬂ“NW‘U@§Jﬁ]i<‘l
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N1509NUUULATNAIUITZUY

!
= '

luunilaziluniseduienanisnniuiuide Faifeaunsowumanisaniu

a v < 1 A 1 ! % =
NUIBNUU 2 @34 AB 1) dIUYBINITODNLUUIZUU LAY 2) dIUTDINITWRIUITEUY laadl

[V

UATLDYAINNNANITANTUIIUIVY I

4.1 N1928NLLUUISUY

o

N1599NKkUUTEULEIdelavinnIsesnwuunsruIunsLUaeTalAn a1y

Wosunswlugiduuoadiniudlaozunsuiuun Inediuvesdunaunisniauduiusiu
& va o Y o s v 1 < <

nszurumswlastugidelaviiniseenuuungnisuiasgesalanniwinesunsuidugLduuea

Fimudlaezunsy Weliierenisvhanudile §3duazld Jui 4.1 GuniseSurengnisudasii

ya o

a319vunn lnenisasiangnisulasiugidelaidenldniwn Atlas Transformation Language

Y
'
1 a o

(ATL) Fadunwinfedlddmiunsudasuudiaet Inedideliidiuniddya sangnisuiasd

[

1AYINN1DBNWUULILENIAIT
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module class_A module class_B

type a type b
a:A b:B d d
. . end type end type
1 1
D msg() E] function call_msg() result(x) function msg() result(x)
" type (b):: call b
Il - -
1 result 1
' ' call_b = msg() end function msg

end function call_msg end module class B

end module class A

UM 4.1 freddldoSurengnisulawesalanniwnesunsulugduneadiniudlnezinsy

(1) ngdwmsunisaidlailad Wungildlunstenlessenindailadvesyidy

LeaTAIud Ao uNTULALTORANAYDITRTALANNYINESUNTY (WanaRagunl 4.2)

(SD) Lifeline name = (Fortran) Type name
Ex: Lifeline a = Type a
rule Type2Lifeline {
from
f: Fortran!Type
to

l: SDILifeline (name <- f.name)

JUN 4.2 ngdmsunisasnslaiiad

31n3UN 4.2 WJunisuuaseana Type vaaudnluwma AST a1ngesaldanniu

Wasunsu lUg Lifeline Node vauiudnlanadiniudlaezunsy lneduonnsdan name Wy

Y

Muuadevedtanladlinseiutevesrandlugasalann v e swnsy



39

(2) ngdmsumsassanssznindlailad Wungildlunisidenlessswinsansves

< = = < s 9 =
gLdULeATAING LB LN TULAYTRLUTIONYBIN MWD TUNTY (KARIRAFUT 4.3)

(SD) Message name = (Fortran) Function/ Subroutine name

Ex: Message msg = Function msg
rule Procedures2Message {
from
f: Fortran!Procedures
to

m1: SDISynchronousMessage(name <- f.FunctionName,
messageSort <- f. SynchronousMsg),

m2: SDISynchronousMessage(name <- f.SubroutineName,
messageSort <- f. SynchronousMsg),

m3: SD!AsynchronousMessage(name <- f.SubroutineName,
messageSort <- f. AsynchronousMsg),

m4: SDICreateMessage(name <- f.ObjectName,
messageSort <- f. CreateMsg),

m5: SDIReplyMessage(name <- f. FunctionReplyName,
messageSort <- f. ReplyMsg),

mé6: SDIReplyMessage(name <- f. SubroutineReplyName,
messageSort <- f. ReplyMsg)

UM 4.3 ngdwmsunisaivansseninslanlanvesasuuy Synchronous Asynchronous Create

v

ae Reply

31n3UN 4.3 1Wun1suuaseana Procedures vadiudinluaa AST a1nwasalan
M nesunsu lug Message Node veaudlunadimudlaozunsy tnganunsowisanseenidu

4 wuu A 1) Synchronous 2) Asynchronous 3) Create Way 4) Reply Favzfiuennizti name
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WJudriivuatevesanshinsitudevesiuienlugesalanniwinesuwnsy wazaziuonnsoin
messageSort Wusmmuuaviinvesansurazyin
(3) npdmsuimuanissutazdwesansiiiotu Wungfildlunsimunnissy

arsvedlanley waznsdsasvaalanlayl (hanssasu 4.4)

Y

(% ' [
=

(@) ng@mTuMruANTSSuAULATAUaANT SN YasansunlailauiiinTu

(%

Dungildlunisivungaisusiuvesansiidsludilailan uazqeduasvasansuulailay (Lansds

SU 4.4)

Y

(5) ngdmsuimuansandunuvesasuulailad [Wungiildlunisiuunnis

[%
€ o

Asiuaunfinsiietuuuladlatty (wandugui 4.4)

Lifeline name {[Maping name] !/?(send/receive) [Message namel;}
Ex: Lifeline a {ab_msglmsg; ab_result?result;}

Lifeline b {ab_msg?msg; ab_resultlresult;}

rule Interaction {
from
f: Fortran!Operation
to
s: SDISendOperationEven( id<- f.MessageSendOrder+1,
covered<- f.TypeName, message<-f.ProceduresName),
r: SDIReceiveOperationEven(id<- f.MessageReceiveOrder+1,
covered <- f.TypeName, message<-f.ProceduresName),
m: SD!MessageOccurrence (name <- f.ProceduresName,
send <- s, receive <- 1),
e: SDIExecuteOccurrence (id<- f.LifelineExecuteOrder+1,
covered <- f.TypeName),
se: SDISendExecuteSpecification(id<- f.SendExecuteOrder+1,
covered <- f.TypeName, start <- s, finish <- e),
re: SDIReceiveExecuteSpecification(
id<- f. ReceiveExecuteOrder+1,

covered <- f.TypeName, start <- r, finish <- e)

JUN 4.4 ngdmsunisdeansiuseninansuaslalad
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91n3U7 4.4 1Bun1sulasrana Operation vouudnluna AST 91ngesaldn
mmWa%umulU’:j Message Occurrence Node, Execution Occurrence Node Wag Execution
Specification Node aaaudluinadiaiudlaozinsy lagludiuaes Message Occurrence Node
andunistmuanisiusardwesansiiintuuulailad nsasiiuonvisdayt name Wushimun
Fovesans wonn3dam send tHusid19898a SendOperationEven Tiiunisinunnisdesans
vulalay] wazwenn3don receive Wufid19898e ReceiveOperationEven ilunisfnuanis
Suvesarsuulaillad d1usuludlruaes Execution Occurrence Node agidun1siinuanis
Anfiusuvasarsuulailay Ineasiuenn3tan covered WWudrfmunteveslailadiifinng
Anfiueu dmduludiuves Execution Specification Node azvdunisivunnisisuduuas

(%

duanvosarsuulaflatuy lneuvseanidu 2 diu Ae drunfvuanissuresans wazdiud

A1MUANI5E9909815 Lngasiuenns0a9i start LUu@16198989 SendOperationEven,
ReceiveOperationEven wagkonn3da9 finish 1Jud18198989 ExecuteOccurrence Liio

[
6

Aruan1setdusuvesansuulanlavy

(6) NOAMFUNITASINTBUVBIWNUNIN Lilauansouly Madeniiivalseuly

warnvingn Wungildlunisivunnseureswsun minindu (wanddsgud 4.5)

rule Alt {
from
f: Fortran!Statement(f.Isif_else)
to
a: SDICombinedFragment( interactionOperator

<- ‘Alt’)

JUN 4.5 ngdmsunisasinseuvesununmludiuiuansteuly
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91037 4.5 1dunnsudasnana Statement vadiudnluna AST anaasaldn
awvlasunsy lug Combined Fragment Node vaauimluna@iniudlaozunsy ngludiuves
Statement Tuaziin1snsiaaeuindu Combined Fragment nwarla 1wy Fouly wionns
¥gh s simsimundeves Combined Fragment Ty 9

31nn1seankuungnIselasgesalinniwiesunsuilugiduneadiniud

lpezunsutisiuidelanasandeyaiiouisuiunmuideingniwiay lown nisiSeuiiey

saa %

MNYFURUTVDIN1WNTTNG Lamanuduiusiinnuaseadiulunsuansdydnyalusag

o

[

fydnvalvesguueatirudlaozinsy JeidelihnaTeuiisuiuniviani dadunw
Wsunsndeimgidenlutiogdu uansfansad 4.1 lnoudseenidu 2 @ mudnwaurnsmiy
vosdnydnuaifalszneudie

(1) Lifeline uansila faunuvesnata Usznousedevesduaunud (Instance)
uazdevosnana

(2) Messages wanatia ansfidssenindladilatuseneume arsildainaing ansi

Tdmaundu asuuudulasia wazanshuuasdalasua
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A15199 431LU%SIHﬁHUﬂWi%UﬁQ%@%ﬁIﬁ@LﬂugLﬁmuaa%Lﬂﬁuﬁ1®@8uﬂiuizﬁjﬂﬂﬂﬂwﬂﬂﬂﬁﬂuaz

ANOIUNTU
Rule Java Syntax Modern Fortran Syntax Notations
package class_A; module class_A
public class ClassA { type ClassA
Wl ...statement ClassA
} end type ClassA :
... statement :
end module class_A
Messages
Create Message public class ClassB { type ClassB
ClassA a = new ClassA(); type(ClassA) :: a D
} end type ClassB
Reply Message public class ClassC { type ClassC
public int getld(x) { end type ClassC
function getld(x) result(id) P
return id;
} end function getld
}
Synchronous public class ClassA { type ClassA
Message public void setA(..) { end type ClassA
} subroutine setA (..)
} end subroutine setA
public class ClassB { type ClassB
public void callA(.) { end type ClassB
a.setA(..); subroutine callA (..)
} call setA(..)
} end subroutine callA
Asynchronous public class AsyncClassA { type AsyncClassA
Message public void setA(..) { asynchronous :: a
} end type ClassA
} subroutine setA (..)
end subroutine setA _— »

public class ClassB {
public void callA(..) {
a.setA(.);

type ClassB

end type ClassB
subroutine callA (..)
call setA(..)

end subroutine callA




aq

d1u5uludiu Interaction Fragment Faidudrundearsiusenineansuay

lafllatl Usenouie n13fuuazdivetarsiiniu nsisuaukasduann1sniueuyedans

£

yulaWlauMindu Jamruanisaiuauresansuilanlay wagnsauYBIwEUNIN @1UNTOWER

[ = [

fyanwalnmisunuluniwanild damnsei 4.2

A13197 4.2 fydnvalvesgduuealudlu Interaction Fragment

Rule Fortran Semantics Notations

Interaction Fragment

. ——>»
Message Occurrence Send and Receive Occurrence I:I
Start and Finish —
Execution Specification . :I
Occurrence
Execution Occurrence Activation |:|

Loops, Branches,
Combined Fragment

and Other Alternatives

Wadunisasvasuiingnisuasiiliada@uaiunsadnluussgndldiunie
Wosunsulaaze fRdeliinnisendegrinisudaswesaldnnivinesunsudugduneadiaiud
laazunsuduun lavdszendldngnisudasnlavinnisesnuuulidugesalanluniuyl
WosunsuNtn11NUYes Akin (Akin, 2003) Wieasgduneadiniudlnezunsy lnegduues
= ay v £4 v [ L3 < v a a
Fnudlnozunsuitliazaonadesivdydnualroiniwgdunes Aauansdunisned 4.1 uaz

M13197 4.2 peyesalAnn e nosunsuITQNUanIfagUR 4.6 4.7 4.8 waz 4.9 uaselduLea

Aeudlaezunsunlaunangesalaning1iazgnuanidagui 4.10
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include 'class_Date.f90'
include 'class_Person.f90'
include 'class_Student.f90' | see previous figure
program main | create or correct a student
use class_Student ! inherits class_Person, class_Date also
type (Person) :: p
type (Student) :: x
I Method 1
p = make_Person ("Ann Jones",",0) | optional person constructor
x = Student (p, "219360061", Date (8,29,1955), 9, 3.1) | public
call set DOB (p, 5, 13, 1977) | add birth to person data
call print_Name (p) ! list name
print *, "Born :"; call print_ DOB (p) ! list dob
print *, "Sex :"; call print_Sex (p) ! list sex
print *, "Matriculated:"; call print_ DOM (x) ! list dom
call print_GPA (x) ! list gpa
end program main

JUN 4.6 egrvawesalannwimesunsuludiuvedusunsumdn (Program Main)

NNFUN 4.6 uanairegwvewesalannwinasunsuludiuvedusunsunean g
ziinsunlgaulng class Datef90 class Person.f90 waz class Student.foo lagws 3 lod
gj 1d 1 Y o o v o [ = 1Y 1% 1
1 funenageslidwiulrlusunsunanimunnisinau Fdusunsuvanazsenaumediu
MmIenldauileaidy A p = make_Person wag x = Student_ diunsenldaudusitu Ao call

set DOB call print Name call print_DOB call print_Sex call print. DOM uag call print_ GPA
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module class_Date ! filename: class_Date.f90

public :: Date | and everything not "private"

type Date
private
integer :: month, day, year

end type Date

contains | encapsulated functionality

function Date_ (m, d, y) result (x) | public constructor
integer, intent(in) :: m, d, y ! month, day, year
type (Date) :: x | from intrinsic constructor
if (m < 1.or.d < 1) stop 'Invalid components, Date '
x = Date (m, d, y) ; end function Date_

subroutine print_Date (x) | check and pretty print a date
type (Date), intent(out) :: x
character (len=%),parameter :: month_Name(12) = &
(/ "January ", "February ", "March ", "April ",&
"May ", "June ", "July ", "August "&
"September", "October ", "November ", "December "/)
if (x%month < 1 .or. x%month > 12 ) print *, "Invalid month"
if (x%day < 1 .or. x%day > 31 ) print *, "Invalid day "
print *, trim(month_Name(x%month))," ', x%day, ", ", x%year;

end subroutine print_Date

subroutine read Date (x) | read month, day, and year
type (Date), intent(out) :: x ! into intrinsic constructor
read *, X ; end subroutine read Date

function set_Date (m, d, y) result (x) | manual constructor
integer, optional, intent(in) :: m, d, y | month, day, year
type (Date) :: x
x = Date (1,1,1997) ! default, (or use current date)
if ( present(m) ) x%month = m ; if ( present(d) ) x%day = d
if ( present(y) ) x%year =y ; end function set_Date

end module class_Date
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INFUT 4.7 uansdegrsvesgasalanntwinesunsuludiuves class Date &4

yinsfivundovesnand Ae Date uazdidaufiuileddu Ao Date  uway set Date @ruililu

]

o

Fu3Nu fe print_Date wav read Date



module class_Student ! filename class_Student.fo0
use class_Person ! inherits class Date
public :: Student, set DOM, print. DOM
type Student
private
type (Person) :: who ; character (len=9) :: id; type (Date) :: dom,; integer :: credits; real :: gpa
end type Student
contains | coupled functionality
function get_person (s) result (p)
type (Student), intent(in) :: s ; type (Person) :: p ! name and sex
p = s % who ; end function get_person
function make_Student (w, n, d, ¢, g) result (x) ! Optional Constructor for a Student type
type (Person), intent(in) = w | who
character (len=*), optional, intent(in) : n ! ssn
type (Date), optional, intent(in) :: d | matriculation
integer, optional, intent(in) :: c ! credits
real, optional, intent(in) :: ¢ ! grade point ave
type (Student) :: x | new student
x = Student_(w, " ", Date (1,1,1), 0, 0.) ! defaults
if (present(n) ) x % id = n; if ( present(d) ) x % dom = d ! optional values
if ( present(c) ) x % credits = ¢; if ( present(g) ) x % gpa = g; end function make Student
subroutine print_ DOM (who)
type (Student), intent(in) :: who
call print_Date(who%dom) ; end subroutine print_DOM
subroutine print_GPA (x)
type (Student), intent(in) :: x
print *,"My name is "; call print_Name (x % who)
print *,", and my G.P.A. is ", X % gpa, "."; end subroutine
subroutine set DOM (who, m, d, y)
type (Student), intent(inout) :: who ; integer, intent(in) :: m, d, y
who 9% dom = Date (m, d, y); end subroutine set DOM
function Student_ (w, n, d, ¢, g) result (x) ! Public Constructor for a Student type
type (Person), intent(in) :: w; character (len=%), intent(in) :: n ; type (Date), intent(in) :: d
integer, intent(in) :: ¢; real, intent(in) :: g ;  type (Student) :: x | new student
x = Student (w, n, d, ¢, ¢) ; end function Student_
end module class_Student
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module class_Person ! filename: class Person.f90
use class_Date
public :: Person
type Person
private
character (len=20) :: name; character (len=20) :: nationality; integer :: sex
type (Date) :: dob, dod ! birth, death
end type Person
contains
function make_Person (nam, nation, s, b, d) result (who) | Optional Constructor for a Person type
character (len=*), optional, intent(in) :: nam, nation
integer, optional, intent(in) :: s ! sex
type (Date), optional, intent(in) :: b, d ! birth, death
type (Person) :: who
who = Person (" ","USA",1,Date_(1,1,0),Date (1,1,0))! defaults
if ( present(nam) ) who % name = nam; if ( present(nation) ) who % nationality = nation
if ( present(s) ) who % sex = s; if ( present(b) ) who % dob = b; if ( present(d) ) who % dod = d
end function make Person
function Person_ (nam, nation, s, b, d) result (who) ! Public Constructor for a Person type
character (len=*), intent(in) :: nam, nation; integer, intent(in) :: s | sex
type (Date), intent(in) :: b, d ! birth, death
type (Person) :: who
who = Person (nam, nation, s, b, d) ; end function Person_
subroutine print_DOB (who)
type (Person), intent(out) :: who
call print_Date (who % dob) ; end subroutine print_DOB
subroutine print_DOD (who)
type (Person), intent(inout) :: who
call print_Date (who % dod) ; end subroutine print DOD
subroutine print_Name (who)
type (Person), intent(in) :: who
print *, who % name ; end subroutine print_Name
subroutine print_Nationality (who)
type (Person), intent(in) :: who
print *, who % nationality ; end subroutine print_Nationality
subroutine print_Sex (who)
type (Person), intent(in) :: who
if (who % sex == 1) then ; print *, "male"
else ; print *, "female" ; end if ; end subroutine print_Sex
subroutine set_ DOB (who, m, d, y)
type (Person), intent(inout) :: who
integer, intent(in) :: m, d, y ! month, day, year
who % dob = Date_ (m, d, y) ; end subroutine set DOB
subroutine set_ DOD(who, m, d, y)
type (Person), intent(inout) :: who
integer, intent(in) :: m, d, y | month, day, year
who % dod = Date_ (m, d, y) ; end subroutine set_ DOD
end module class_Person
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program hello i psi_p2p_mod
use psb_base_mod psi_penv_mod
implicit none use psi_comm_buffers_mod
integer , ,
call psb_init(

e v, psb_isndm, &

psb_exit(

end program hello

b_ircvm, &

>

& psb 3 crevy 5
& psb S r s

ps
&
& psb_drcvs r ,&
&
&
& psb_lrcvs s ,&

& psb_hrc

end interface
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Type Procedure Function call Subroutine call Statements

hello 0/0 0/0 100/5 0/0
psb_init 1/1 0/0 3/3 1/1
psb_info 0/0 0/0 0/0 0/0
psb_rcv 28/28 0/0 28/28 0/0
psb_snd 0/0 0/0 0/0 0/0
psb_errstack 0/0 0/0 0/0 0/0
psb_exit 1/1 0/0 2/2 1/1
psb_buffer node 0/0 0/0 0/0 0/0

S 30/30 0/0 133/38 2/2

100% 100% 100% 100%
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Spsb_ircw_ic

S-psb_ircvm_ic

S:psb_srcvs_ic
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S:psb_isnds
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S:psb_igsndm
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S'psb_isndv_ic

S:psb_ispdm_ic

S:psb_ssnds_ic
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InpzunsNYBISTUU MLD2P4

Procedure Function call Subroutine call Statements
mld_dexample 1lev 0/0 6/2 29/7 1/1
psb_init 171 0/0 3/3 1/1
psb_info 0/0 0/0 0/0 0/0
psb_barrier 0/0 0/0 0/0 0/0
psb_errstack 0/0 0/0 0/0 0/0
psb_amx 0/0 0/0 0/0 0/0
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M151991 5.2 wan1siUieuiisuanuuanaisseninsesaldnniuvesunsuiugduieadiniug

lnozunIuveIsEUU MLD2P4 (519)

Procedure Function call Subroutine call Statements
psb_exit 1/1 0/0 2/2 1/1
psb_buffer node 0/0 0/0 0/0 0/0
psb_genrm2 0/0 0/0 0/0 0/0
psb_geamax 0/0 0/0 0/0 0/0
2/2 6/2 34/12 3/3
Overall
100% 100% 100% 100%
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hello.f90... was successfully parsed!
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