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Tutorial outline

Introduction — requirements and MDSD
B Requirements modeling and transformation “snaps”

Programming at the requirements level /\
m Clarification of use case semantics
B Application logic vs. domain logic
B Programming understandable by “ordinary people”? \/

From requirements to code

® Automatic transformation of requirements (use case scenarios) into
application logic and domain logic code

Software evolution as requirements evolution
® Changes in requirements “programs” drive changes in the system

Summary and conclusion
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SD project manager’s dream?

L4 SNAP!

Requirements ﬁ
Specification | peyejoper
TEXT "
& Emn }
. A W
name
=l [l
= dateOfBirth
Name: |dd student
precondition: P e U
1. Administrator selects add student option etadent e ameen - =
res = mStudent.getResult();
2. System displ Fae s =) (O .
3. Administrator selects OK student cknorledgenent presanca (s |
)
4. System volidates student els w VEzzorMessage () ;
=>cond: 0 €
5. System presents acknowledgement ) !
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From business to code - traditional

Requirements specification in natural language >
design specification derived from requirements >
code derived from design models

Manual derivation

User A ﬁi ‘
nalys!
i

Requirements Design
Specification ammE ’ Documentation
>
TEXT =N

Dej%ner
Arcﬁtect

Programmer
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From business to code — model driven

Requirements spec. using semi-formal models >
design specification traced from requirements >
code transformed from design models

Semi-automatic transformation
Automated tracing into design T”‘?,gi%::ﬁ‘“

Qa
Requirements

Specification - - .

Design
Documentation

B

l% Designer
User 4%
% Analyst

Programmer
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From business to code — domain specific

Requirements spec. using domain specific models >
code transformed from requirements

Significant

Fully-automatic transformation

Language Designer

Transfﬁmation
designer

Requirements
Specification

DSL

Limited domains,
advanced skills
needed to develop a

DSL, “requirements”?

User Analyst-Programmer

Domain specific
language
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Requirements-level programming?

code transformed from requirements

Fully-automatic transformation

\

Requirements
Specification

Requirements spec. using formal generic models >

Idea: partial
code

neration

>

RPL

User Analyst-Programmer

No techno

Unified .
logies yet

language
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Proposed solution

code partially transformed from requir

Formal
Requirements

Requirements with partially formal generic models >

ements

Automatic
Code ¢
"E' 2

Fully-automatic transformation
User
i

Analyst-Programmer

‘.
4 N

L4 ‘ Semi-formal

Requirements

/

RPL

javg

Programmer Semi-automatiq

-

Partially-automatic transformation
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Evolution schema

Change in requirements - automatic change in code

- pointers to code for manual change

Automatic
change

Automatic
Code ¢
=)

Formal
Requirements

Java

User

&

Analyst-Programmer

Semi-formal Programmer  [Semi-automatid

Requirements

---------*
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What do we need?

Precise but understandable requirements
specification language

Operational semantics for the language — “how to
transform automatically requirements into code”

Means to trace from changing requirements to
changing code

Result:
W Very agile process allowing for quick realization of user
requirements in code
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Programming at a higher level?
>
© Requirements specification
c
(@) General problem Detailed software
= statement requirements
©
©
| .
i :
S Requirements specification User-centric program
= ] Stories (application
8 General problem logic) )
o statement = 7
o Domaln\\ﬁ)cabulary
fu - (business logic)
o 7 7
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Combining natural language with precision

RPL ?

“w Iy W

A o
Users Analysts Programmers
L AN
N\ 4
Less formal More formal
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The story and the environment

4. Tom rides to the old hut.

1.a. Lord Mark runs to aunt Marta’s house.
b. He talks with aunt Martha.

16 From Requirements to Code in a Snap Michat Smiatek
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Writing good stories vs. writing good
requirements

A combination of story (sequence of events) and
descriptions of the environment (people, interiors,
landscapes...).
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Style for writing stories

Simplest possible sentences

(StudenDenters theGemestey.
(Teachepiacceptsthecurrent marks:

Subject

Verb

Objects (1 or 2)

q

Systenyassigns thestudenbto thefiew semeste

19 From Requirements to Code in a Snap Michat Smiatek

Extending stories with the “environment”

Note: the stories do not contain the notion
definitions ?
Student enters theGemester>
... Where the semester is a number
between 1 and 10 denoting the
level of studies

But somewhere in a distant story:

Dean accepts thegemester
for the new student

... Where the semester is a number
denoting the current student’s status

20 From Requirements to Code in a Snap Michat Smiatek
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Separating notions from the story

stories

Separate notion vocabulary but consistent with the

Student enters theGemester>

A4

... where the semes i ber
between 1 and 1 he

level of studies /

Semester — number between 1 and 10
denoting the level of studies and the
current student’s status.

21 From Requirements to Code in a Snap
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Writing scenarios

Scenario is a sequence of SVO sentences

Dean adds new lecture to a course

Dean selects to add new lecture to course
System asks for semester

Dean enters the semester

System asks for data of the lecture

Dean enters the data of the lecture

System adds the lecture to the list of lectures

ounhWNE
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Building a vocabulary

The vocabulary is the user’'s “map of territory”.
Better to have it in a graphical form.

System asks fo
Dean entersthe semester

Dean wants to add new Jecture taCCourse>

1
2
3.
4. System asks for data of theJecturd
5.
6

1
2 Dean enters the data of the lecture
i System adds the lecture to th
5. System assigns theZeachedto the lecture [[EETIE
st s G e e S,
Lecture Student Course
| List |
IS
Teacher Semester
of lectures
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Playing-out stories

Coherence of the stories can be checked by playing

the stories.

1—Dean wants to add new lecture to COUTSE>
2. stem asks for semesied
3.<Dean eners the semesiep

4, System asks for data of the lecture
5. Dean enters the data of the lecture
6. System adds the lecture to the list of lectures

add new lectur enter ask for
K* | ]
Lecture Student ours
| |
List ‘
Teacher Semester
of lectures
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Requirements vs. system structure

Stories

A

layer

Interface ] H

“model” in MVC (Reenskaug 1977)

Application % N Domain logic
M logic e
e GUI e Flow ¢ Algorithms
« presentati control * Data
on
Domain vocabulary
“Application logic":
- - s v" “workflow logic” (Fowler 2002)

Domain logic”: v
v'data processing algorithms
v

“controller” in MVC (Reenskaug 1977)
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Concept: requirements level program

]
. 1
.,
@ E :
: | Action on a domain elements

suooeIRWI O Mol

Domain element

Action (domain specific)e

o
-
.

Algorithp,
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Side note: patterns in requirements
programs for application logic

| enter book data | | enter sales item |

| register book data \| | register sales item \ |

1
1
1
| validate book data /'| I | validate sales item 2 |
|
1
1

Library domain E-shop domain

1
1
‘1] i | Bookdata |), L[% i [ sales item
E,“ i 1 El-- -
. validate «”| | | Stepf step validate ]
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Case study — use case model

Course manager

“ «invoke»

@@

Show extended

" Register new studen
course list

Registration office

Edit final course
grades

«invoke»

Teacher

28
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Case study — initial scenarios

1. Teacher selects to see course list [ system - |
2. System builds course list [s}rstern ‘|
3. System shows course list [tg;;hgr v]
=>invoke/REQUEST [Edit final course grades "l
final: success 1. Course manager selects to add course [5}r5tern v]
2. System shows course entry form [cuurse ranager v]
3. Course manager enters course [system v]
4. System verifies course [s;.rstem "]
=»cond: course correct
5. System registers course lsystern "J
final: success
=>cond: course incorrect
4.1.1 System shows course error message lcourse manager 'l
4.1.2 System shows again course entry form [course manager vl

29 From Requirements to Code in a Snap Michat Smiatek

Case study - initial requirements model

"%'E’Zi )

%Y %

‘\!gm j
%

([l Requirements Specification ad Metions
4 (3 Course management 4 b Courses
& Add new COU.P B courte ee—E course
& Edit course B course list course
& Show extended coursels 4l Stucerts and grades enter course
& Show owned course list B final coursz grades verify course
4 [l Grade management / B student register course
O Edit final course grad % Ul elements selects to add course
4 Student management B course entry form select course
@ Register new student ] course error message selects to edit course

- [ course update form
- [ final course grade form
. [ student registration form
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5&%]
/@@@.
7

N15
Lecture

NO!
Student

N11

Teacher N1g

Semester

class CstudentData {
void update data (Dat d)
{
\\ no code yet

}
}

:
f

;UVL(A‘: ~ficton

class CCourseManager {
void add lecture to course()
{
\\ no code yet

}
}
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Obtaining the code dynamics?
s12 o ||} Bt IS
1. Dean wants to add new lecture to course ad?_lwure_m—wuriseﬁadd,\edure,to, () '
3. Dean entors e somester I A ="
4:Masksfordata of the lecture o .<TE7a © ! uﬁiﬂlﬁ ‘\A(d> M{ﬂ
: g_::t.;;nflr;sﬂ;;eazlzsrfet?: tlr?;tll;srte of lectures ° !\} Q; L’gur‘)w«(«@@ /:1'
............. [y Z :
.......... - | | ¥
i ‘ Code model
class CCourseManager {
void add lecture to course()
{
dat=app.get_lecture data(); Use case scenarios ->
if (dat'=null) {
lec.create (dat) ; method contents
selected.add_lecture(lec); (procedure Ca"S,
) alternatives)
}
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Transformation rules
Source model written in Requirements Programming
Language (RPL)
B Use cases written in SVO grammar
W Separate vocabulary
Target code has the following architecture
B Three layers: presentation, application logic, domain logic
B Structured into components (packages)
B Domain logic controls the application (controller)
General transformation rules
B Use cases transformed into application logic
B Domain vocabulary transformed into domain logic
34 From Requirements to Code in a Snap Michat Smiatek
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Translating use cases into application logic

1. Dean wants to add new /ecture to course
2. System asks for semester

3. Dean entersthe semester

4. System asks for data of the lecture

Presentation

5. Dean enters the data of the lecture
6. System adds the lecture to the list of lectures

| ofov]

.0
.
A\

.'.'.'.'Ji‘;plication logic

The application logic is in the
scenarios!

e el

Controlling the other layers:
controlling the sequence of

Domain logic

events (procedure calls).

Modyfikacja:
2010-10-03
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Translating vocabulary into business logic

class

. register for a class

Application logic

check for availability of class"‘
schedule | register student for class

student ’0..
e .

Serving the application logic
with data processing
operations.

bt | s

Realizing domain operations

Persistent data

on domain objects.

36 From Requirements to Code in a Snap
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Detailed R to C transformation rules

Requirements

| Domain Notion |

|Scenario step I_H

// 11
/ |

-
—
-

Domain Statement

/ Logic

/L

Code /

/
AL_InterfanZ

al_operﬁfion

|

Application
Behavior

DL_Interf [

|

Domain
Behavior

37

From Requirements to Code in a Snap

Michat Smiatek

Transforming stories into code

1. Dean wants to add new lecture

to course

2. System asksfor semester
3. Dean entersthe semester
4, System asks for data of the

lecture

5. Dean enters the data of the

lecture

6. System adds the lecture to the
list of lectures

SVO sentences
transformed into

messages.

Messages transformed
into procedure calls.

-+

O O O
/\ :IScreens :IAplLogic
User
T 1 ! '
(e i :
> 1 !
1 .
T >
------- !
................. !
seprsssanannas
1
1
1
1
1
o] i >J
N >
1
EI ----- >
_< ------

O

:IDomLogic

38
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C = t(R) - structure

IShowExtendedCourselList

«interface»
CourseManagement::

«interface»

CourseManagement::
> IAddNewCourse

+ wantsToSeeCourselList(,

L@ entersCourse()
+ wantsToAddCourse()

‘D Add new course

«interface»

Userlinterface::Ul

o
+
o

showsCourseEntryForm(e=—
showsCourseErrorMessage()

shows course entry form

3. Course manager enters course

showsCourseList() N
\4

), build course list| -~

\.
S

QA

e
, ~ ICourseList ICourse

L «interface»
«interface» CoursesServices::
CoursesServices:: ICourse
ICourselList

~T® builds(CourseListDTO)

+ registers(CourseDTO)
+ verifies(CourseDTO)

From Requirements to Code in a Snap

Michat Smiatek

C = t(R) - dynamics

2 Show extended course list &3

Mame: | Show extended course list

—=®L. Course manager wants to ses course list

2. System builds course list —

3. System shows course list

\

final: success

. 1
o UICDI‘M ul-ul winterfzoen «interfaces
;‘t ‘UICompaneni I1ShowExtendedCoureLig ICourseLig
— - :1Show Exte nded CoursjList :ICourseList
manaper [ [ 1 [
I I I 1 I
ywantsto see coLrse Iist[:‘I ! : :
oy .
o wan 5T25eeCourseList) L ) _ |
] Bh builds{Col rseListDTO)
' showsCoursBLis() |
Lrli I
L I
I I I 1 I
40 From Requirements to Code in a Snap Michat $Smialek
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Application logic code

e UiComponent urul
X :UlCampanent

course manaper “cours

cinterface » «interfaces
IShowExtendedCourseList ICourselist
IShowExtendedCourse List ICourseList

manager T T
[
1wantsto see course lis) !
wanisTaSesCourssLisi()

I
| showsCourseList()

builds(Cou rseLisiDT Q)

|l

class CShowExtendedCMrseList

/(L)

wantsToSeeCourseList () {

ICourseList.builds(cl) ;
UI.showsCourseList(cl) ;

implements IShowExtendedUserList {

: CourseList

IShowExtended

CourseManagement

4 From Requirements to Code in a Snap
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Domain logic code

O— CoursesServices

ICourselist

/7 (...)
void builds (CourseListDTO cld) {
UserListDTO resList;

resList.add (userList[i]) ;

}

cld=reslist;

class CCourselist imp\énents ICourselist {

for (i=1; i==user_list length; i++) { @ R1

™
A\ o

42 From Requirements to Code in a Snap
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General evolution schema

Requirements
full generation

-
-

full generation

Code

I ———
<g -
~~
~

partial generation

a4
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System changes after requirements changes

Requirements
Domain Notion

\

Eu'b - ¥Domain Statement

EEScenariostep L/ DS Logic E,IE
11

-
——
-

/ 11 11
Design a / u U u
AL Interfac DN Interfa
al_operat:.on Appl ication dsZOperation Domain
Behaviour | Behaviour
45 From Requirements to Code in a Snap Michat Smiatek

Evolution example: requirements change

2 Add new course &3

& Courses
B course 3 Show extended course list £ Name: lidd new course
course 1. Course manager wants to add course
Name: | Show extended course list =

wants to add course 2. -
1. Course manager wants to see course list SRS IR

enter course T
- e : 8 enter
verify course ™ 2. System builds course list ,_I,|_ urse manager enters course

i " 4. erifie
register course 3. System shows course list System verifics course

B course list .
final: success
course list
want to see course list

show course list
build course list

<
L ]
[ course filter

1
2
3. ente: i
course filter +1 Course manager enters course filter 2 Add new course
5.

=>cond: course data correct
3. System registers course

final: success

. Course manager wants t see course list

. System shows course filter form 3 Course management

2 Change course data
2 Show extended course list
2 Show owned courses

i3 Grade management
2 Enter final grades for course
2 Enter partial grades for course
2 Show grades for course

enter course filter + System builds course list course filter

build course list with course filter

. System shows course list

final: success

46 From Requirements to Code in a Snap Michat Smiatek
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«interface»
CourseManagement::
IShowExtendedCourselList

+ wantsToSeeCourselList()

Evolution example: system changes

«interface»
Userinterface::Ul

+ showsCourseEntryForm)
+ showsCourseErrorMessage
+ showsCourseList()

0

«interface»
CoursesServices::
ICourseList

+ builds(CourseListDTO)

A/
b’ ICourselList|

\4

ICourse

|IAddNewCourse

IChangeCourseData

IShowOwnedCourses

~

> IAddNewCourse

N

«interface»
CourseManagement::

+ entersCourse()
+ wantsToAddCourse()

SN

«interface»
CoursesServices::
ICourse

+ registers(CourseDTO)
+ verifies(CourseDTO)

entersCourseFilter)
+ wantsToSeeCourselList

IShowExtendedCourseList

«interface»

showsCoursefFilte.

Userinterface:

+ showsCourseEntryForm)
+ showsCourseEmorMessage()

showsCourselList()

Ul

rForm) -7 /

L

«interface»

CoursesServices::ICourseFilter
+ buildsCourselListWith(CourseFilterDTO, CourseListDTO)

./b
-

,@/ ICour

ICours

48

From Require

«interface»
CoursesServices::

builds(CourseListDTO)

elList
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«interface» «interface»
CourseManagement:: _ CourseManagement::
IShowExtendedCourseList<= =~ = ~ IAddNewCourse

+ entersCourse()
+ wantsToAddCourse()

IAddNew Course

IChangeCourseData

IShowOwnedCourses

«interface»
CoursesServices::
ICourse

+ registers(CourseDTO)
+ verifies(CourseDTO)

ICourse

Michat Smiatek
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e UIComporent u:u «interfaces sinterfaces

X UlCompanert IShowExtendecCourse List Ceurselist

course manager -courz JIShowExtandedCourse is ICaurseLisl
manager T T T

| 1 1 1
iwan'sto seccurse lisl) ! !
' '
wantsToSeeCourseList) |

1
! showsCourseLisi()

fo

ouild s{CaurseListDT O)

A\N

UlCom ponent e . wirterfaces winterfaces
UICom ponent I1gowExtendedCourseList ICourseFilter
THIE IANSOET COUWE | ENgvExtendedCourseList ‘ICourseFilter

mansger T T T
i 1 I |
wantsto see course |ig() ! \I

La B wantsToS eeCourseLis() oy, :
: L

1 showsCourseFi lterfgrm ()}

enters course filter) — !
[l

|
entersCourseFilten )
T

bl 1
! buildsCourseLisWith( CourseFilterDTO, CourseListDTO)
| '
[course s found] showsCourseList() T
'
T ] 1

49 From Requirements to Code in a Snap Michat Smiatek

Evolution example: domain changes (1)

O— Administration

IShowUserList UserList implements IShowUserList {
/(L)
setsUserFilterOptions () {
res = IUser.seeksFor (udto);
if (res) UI.showsUserList ()
IShowGuestList else UI.showsNoUsersMessage() ;

O— GuestManagement
ShowGuestList implements IShowGuestList {

T ..)
setsGuestFilterOptions () {
res = IGuest.seeksFor (gdto);
if (res) UI.showsGuestList ()
else UI.showsNoGuestsMessage() ;

}

50 From Requirements to Code in a Snap Michat Smiatek
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Evolution example: domain changes (2)

O— Administration
IShowUserLlist ,

G— UsersServices

IUser

IShowGuestList

GuestManagement

O—

GuestsServices

,,
,
O

IGuest

cl
//

}

ass CUser implements IUser ({
(..0)

UserListDTO seekFor (UserDTO udto) {
UserListDTO resList;
for (i=1; i==user_ list_length; i++) {
if compare (udto,userList[i])

resList.add (userList[i]);
}

return reslList;

}

—>

//

}

}

class CGuest implements IGues:

(on.
GuestListDTO seekFor (GuestDTO gdto) {

)

GuestListDTO resList;
for (i=1; i==guest_list length; i++) {
if compare (gdto,guestList[i])
resList.add(guestList([i]);
}

return reslList;

51
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Summary

Automation enables:

It works! RPL (RSL) and transformations validated by
teams from the industry.

Possible significant shortening of the path from
requirements to code through partial automation.

W Better estimation of requirements change on code
B Finding code for reuse (domain changes)

Further work: full automation?
B What to do with domain rules?

B What to do with non-functional requirements?

52
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