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Abstract

Recently, reverse engineering has been widely adopted as
a valuable process for extracting system abstractions and
design information from existing software systems.
This research will focus on ForUML, a reverse engineering
tool developed to extract UML diagrams from modern,
object-oriented Fortran code, which are still used by scientist
and engineering application developers. The first version of
ForUML produces only UML class diagrams, which provide
auseful window into the static structure of a program, including
the make-up of each class and the relationships between
classes. Rather than visualizing class diagrams, the developers
need to understand class behavior and interactions between
classes. UML sequence diagrams provide such important
algorithmic information. Therefore, we proposed to design
rules for transforming object-oriented Fortran into UML
sequence diagrams with the goal to extend the ability of
ForUML. The proposed capability will enable the visualization
of modern Fortran software behavior and algorithmic
structures. This ability would enhance the development,
maintenance practices, decision processes, and communications

in the scientific software community worldwide.

Keywords: Reverse Engineering, Fortran, UML Sequence

Diagram, Software Engineering.
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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
Abstract method Deferred procedure Abstract
binding
Primitive type Intrinsic type Primitive type
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module class_Person module class_Date

type Date

type Person
character (len=30) =
type (Date) :: birthday

contains

name integer = month, day, year
end type Date

contains

function make_Person (nam, s, b) result (who) function Date_ (m, d, y) result (x)

character (len=*), optional, intent(in) :: nam ! name | | end function Date_

type (Date), optional, intent(in) :: b ! birthday end class_Date

type (Person) : who

who =|Person (" ",Date_(1,1,0)) ! defaults

end type Person

<xml version="1.0" encoding="UTF-8"?>

<uml:Model xmiversion="2.1" name="forum!">

<packagedElement xmi:type="umUInteraction"

contains " .
name="Interaction">

end class_Person <lifeline xmi:type="umlLifeline"
xmizid="66rKFjKG" name="Person" />

<lifeline xmi:type="umLLifeline"
xmizid="AgACIQgV" name="Date" />

§ —

<<Class>>
Date

<message xmi:type="umli:Message"
xmizid =*UYew8tV" name="Date_()"

<<Class>>

Person

receiveEvent="Date" sendEvent="Person"/>

<message xmi:type="uml:Message"

xmizid="Xhr8sYT" name="x"

messageSort="reply" receiveEvent="Person"

X sendEvent="Date"/>
</packagedElement>
</umlModel>
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Fortran

module class B

module class_A type b
fypea end type
end type function msg() result(x)

function call msg() result(x)
type (b)::call b

call b =msg()

end function call_msg

end module class A

end function msg
end module class B
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(SD) Lifeline name = (Fortran) Type name
Ex: Lifeline a = Type a
rule Type2Lifeline {
from
f: Fortran!Type
to
1: SD!Lifeline (name <- f.name)
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(SD) Lifeline name = (Fortran) Function/ Subroutine name
Ex: Message msg = Function msg
rule Procedures2Message {
from
f: Fortran!Procedures
to
ml: SD!SynchronousMessage(name <- f.FunctionName,
messageSort <- f. SynchronousMsg),
m2: SD!SynchronousMessage(name <- f.SubroutineName,
messageSort <- f. SynchronousMsg),
m3: SD!AsynchronousMessage(name <- f.SubroutineName,
messageSort <- f. AsynchronousMsg),
m4: SD!CreateMessage(name <- f.ObjectName,
messageSort <- f. CreateMsg),
mS5: SD!ReplyMessage(name <- f. FunctionReplyName,
messageSort <- f. ReplyMsg),
m6: SD!ReplyMessage(name <- f. SubroutineReplyName,
messageSort <- f. ReplyMsg)

}

mwi 7 ngswsumas s lsWlasd vevssuuy Synchronous

Asynchronous Create UL Reply
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Lifeline name {[Maping name] !/?(send/receive) [Message name];}
Ex: Lifeline a {ab_msg!msg; ab_result?result;}
Lifeline b {ab_msg?msg; ab_result!result;}
rule Interaction {
from
f: Fortran!Operation
to
s: SD!SendOperationEven( id<- f.MessageSendOrder+1,
covered<- f.TypeName, message<-f.ProceduresName),
r: SD!ReceiveOperationEven(id<- f.MessageReceiveOrder+1,
covered <- f. TypeName, message<-f.ProceduresName),
m: SD!MessageOccurrence (name <- f.ProceduresName,
send <- s, receive <- 1),
e: SD!ExecuteOccurrence (id<- f.LifelineExecuteOrder+1,
covered <- f.TypeName),
se: SD!SendExecuteSpecification(id<- f.SendExecuteOrder+1,
covered <- f. TypeName, start <- s, finish <- e),
re: SD!ReceiveExecuteSpecification(
id<- f. ReceiveExecuteOrder+1,
covered <- f.TypeName, start <- r, finish <- ¢)

H
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rule Alt {
from

f: Fortran!Statement(f.Isif else)
to

a: SD!CombinedFragment( interactionOperator <- ‘Alt’)
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Rule Java Syntax Modern Fortran Syntax Notations
Lifeline package class A; module class_A ClassA
public class ClassA { type ClassA
...statement - !
} end type ClassA :
.. statement
end module class A
Messages
Create Message public class ClassB { type ClassB
ClassA a = new ClassA(); type(ClassA) :: a create
} endtypeClassB | emeemeeeeeed
Reply Message public class ClassC { type ClassC
public int getld(x) { end type ClassC
function getld(x) result(id)
return id; mmmmmm e
} end function getld
}
Synchronous Message | public class ClassA { type ClassA
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 (..) EE——
} call setA(..)
} end subroutine callA
Asynchronous Message | public class AsyncClassA { type AsyncClassA
public void setA(..) { asynchronous :: a
} end type ClassA
} subroutine setA (..)
end subroutine setA
public class ClassB {
public void callA(..) { type ClassB —_—
a.setA(..); end type ClassB
} subroutine callA (..)
} call setA(..)
end subroutine callA
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@177 3 Fyansnivadenauun lus s Interaction Fragment

Rule Fortran Semantics Notations
Interaction
Fragment
Message Send and Receive Occurrence —
Occurrence
Execution Start and Finish Occurrence start
Specification
< ......
finish
Execution Activation
Occurrence
Combined Loops, Branches,
Fragment and Other Alternatives

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
! 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
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sufiFonlonuduzfiuda call set DOB call print Name
call print DOB call print_Sex call print DOM LLag call
print GPA

module class_Student ! filename class_Student.f90
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
! Optional Constructor for a Student type
function make Student (w, n, d, ¢, g) result (x)
type (Person), intent(in) :: w ! who
character (len=*), optional, intent(in) :: n ! ssn
type (Date), optional, intent(in) :: d ! matriculation
integer, optional, intent(in) :: ¢ ! credits
real, optional, intent(in) :: g ! 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 % dom = Date_( m, d, y) ; end subroutine set DOM
! Public Constructor for a Student type
function Student (w, n, d, ¢, g) result (x)
type (Person), intent(in) :: w ; character (len=%), intent(in) :: n
type (Date), intent(in) :: d
integer, intent(in) :: c; real, intent(in) :: g
type (Student) :: x ! new student
x = Student (w, n, d, ¢, g) ; end function Student
end module class_Student

= o ] 6 v 6 1
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Va3 class  Student
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Ao Student wazdarnidulansuae get person make
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module class_Person ! filename: class Person.f90 print_GPA Lae set DOM I@] 81% f,?}’g P quj“]_| Eﬁ 1%
use class_Date . =~ a b o A .

- print. DOM 3=8m3i5enlwaudusAin print Date luaaa
public :: Person — ) QU — .
type Person Date UWazlua 004U print GPA azlin1ai3unlzau
private

o = .
character (len=20) :: name; character (len=20) :: nationality ‘]J"]_Ig‘ﬂ‘l«l; print_Name ELuﬂﬂWﬁ Person

1 o ' 4 v 6

integer :: sex ﬁ]’]ﬂﬂ']W“?l 14 LRONAIDLNY ad‘ﬁaiﬁiﬂ(ﬂﬂq‘]ﬂqw 23ILNIV
type (Date) :: dob, dod ! birth, death
end type Person

. al A o A
contains Person azdanuiiduiantihe make Person LLaZ Person
! Optional Constructor for a Person type

. ) ] .
luaIuuad class Person TIazimMImnuaTovasnaana

RIU9 Lﬁusﬁ‘ugﬁuﬁa print DOB print DOD print Name

function make Person (nam, nation, s, b, d) result (who)

character (len=*), optional, intent(in) :: nam, nation print_Nationality print_Sex set DOB L8 set DOD Taglu
integer, optional, intent(in) :: s ! sex ' ﬂ, o ~ a 1 > ‘VT ‘o

type (Date), optional, intent(in) :: b, d ! birth, death FIVVDINWINTU make_PerS(l)n TUNILIYNLTINUNINT
type (Person) :: who Date_ A& Date uazluaiuuadfu3fin print DOB 1z

who = Person (“ “,”USA”,1,Date (1,1,0),Date (1,1,0))! defaults
if ( present(nam) ) who % name = nam;

ina3unlonuduzfin print Date luaana Date

if ( present(nation) ) who % nationality = nation module class Date ! filename: class_Date.f90
if ( present(s) ) who % sex ='s

if ( present(b) ) who % dob =b

if ( present(d) ) who % dod = d ; end function

! Public Constructor for a Person type

public :: Date ! and everything not “private”
type Date

private

integer :: month, day, year

function Person_ (nam, nation, s, b, d) result (who) end type Date

character (len=*), intent(in) :: nam, nation contains ! encapsulated functionality
integer, intent(in) :: s ! sex
type (Date), intent(in) :: b, d ! birth, death

type (Person) :: who

function Date (m, d, y) result (x) ! public constructor
integer, intent(in) :: m, d, y ! month, day, year

type (Date) :: x ! from intrinsic constructor
who = Person (nam, nation, s, b, d) ; end function Person

>

if (m<1.or.d<1)stop ‘Invalid components, Date
subroutine print DOB (who) x = Date (m, d, y) ; end function Date
type (Person), intent(out) :: who

call print_Date (who % dob) ; end subroutine print. DOB

subroutine print. DOD (who)

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;

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

end subroutine print Date

print *, who % nationality ; end subroutine print_Nationality subroutine read_Date (x) ! read month, day, and year

subroutine print_Sex (who) type (Date), intent(out) :: X ! into intrinsic constructor

type (Person), intent(in) :: who read *, x ; end subroutine read Date

; ) - < Aping ko > )
if (who % sex==1) then ; print *, “male function set_Date (m, d, y) result (x) ! manual constructor

else ; print *, “female” ; end if ; end subroutine print_Sex 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

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

if ( present(y) ) x%year =y ; end function set Date
subroutine set DOD(who, m, d, y)

end module class Date

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 Vv class_Date
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Va4V class_Person
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<?xml version="1.0" standalone="yes”?>
<uml:Model xmlns:uml=“http://schema.omg.org/spec/UML/2.1.1”
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1” xmi:version="2.1"
xmi:id=“Autogent]” name="Autogent2”>
<eAnnotations xmi:id="548945626” source="Objing”>
<contents xmi:type="“uml:Property” xmi:id=*1890496138"
name="exporterVersion”>
<defaultValue xmi:type=“uml:LiteralString” xmi:id="1952735779”
value="3.0.0"></defaultValue>
</contents>
</eAnnotations>
<packagedElement xmi:type="“uml:Interaction” xmi:id="“2136499180”
name="Interaction”>

! Lifeline

<lifeline xmi:id="LifelineDate”” name="Date” coveredBy="MOS-Receive-
Dateprint_Date EOS-Dateprint_Date BES-Dateprint_Date MOS-ReceiveDate-
Date_ EOS-DateDate BES-DateDate_ ...”></lifeline>

<lifeline xmi:id="LifelineStudent” name="Student” coveredBy="MOS-
SendStudentprint Date MOS-SendStudentDate MOS-SendStudentprint
Name MOS-SendStudentDate...”></lifeline>

<lifeline xmi:id="LifelinePerson” name="Person” coveredBy="MOS-
ReceivePersonprint Name EOS-Personprint Name BES-Personprint Name
MOS-SendPersonprint_Date...”></lifeline>

<lifeline xmi:id="Lifelinemain” name=“main” coveredBy="MOS-
Sendmainmake Person MOS-SendmainStudent MOS-Sendmainset DOB

MOS-Sendmainprint_Name...”></lifeline>

! Fragment

<fragment xmi:type="uml:MessageOccurrenceSpecification”
xmi:id=“MOS-Sendmainmake Person” covered="Lifelinemain”
message="Messagemake Person”></fragment>

<fragment xmi:type="uml:MessageOccurrenceSpecification”
xmi:id=“MOS-ReceivePersonmake Person” covered="LifelinePerson”
message="Messagemake Person”></fragment>

<fragment xmi:type="“uml:BehaviorExecutionSpecification” xmi:id=
“BES-Personmake_Person” covered="LifelinePerson” start=“MOS-Receive-
Personmake Person” finish="EOS-Personmake Person”></fragment>

<fragment xmi:type="“uml:ExecutionOccurrenceSpecification”
xmi:id="EOS-Personmake_Person” covered="LifelinePerson”></fragment>

<fragment xmi:type="uml:MessageOccurrenceSpecification”
xmi:id="MOS-SendmainStudent_” covered="Lifelinemain”
message="MessageStudent_"></fragment>

<fragment xmi:type="uml:MessageOccurrenceSpecification”
xmi:id=“MOS-ReceiveStudentStudent ” covered="LifelineStudent”
message="MessageStudent _"></fragment>

<fragment xmi:type="uml:BehaviorExecutionSpecification” xmi:id="BES-
StudentStudent  covered="LifelineStudent” start="MOS-ReceiveStudentStudent
finish="EOS-StudentStudent_"></fragment>

<fragment xmi:type="“uml:ExecutionOccurrenceSpecification”
xmi:id=“EOS-StudentStudent " covered="LifelineStudent”></fragment>

! Message

<message xmi:type="“uml:Message” xmi:id="“Messagemake_ Person”
name="F:make_Person” receiveEvent="MOS-ReceivePersonmake_Person”
sendEvent="MOS-Sendmainmake_Person”></message>
<message xmi:type="“uml:Message” xmi:id="“MessageStudent_”
name="F:Student " receiveEvent="MOS-ReceiveStudentStudent "
sendEvent="MOS-SendmainStudent ’></message>
</packagedElement>

</uml:Model>
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