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Development today

» Large number of stakeholders;
* Wide geographical distribution;
* Wide range of tools is used.

* Product development dimensions:

— Different levels of abstraction:
— Different aspects;
— Different variants.
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Diversity of Product Fragments

« A wide variety of product ™" A2 Tetemayba e or mor vising
fragments (development Register new g ecrd blon tone pant.
objects) comprises a full AL I
(or partial) system e b,
specification. _reood > ratent Je{ VS

« Some of these product N A2 (ocadacode
fragments are well e
structured, like textual or y pationt = i rameloame)
graphical documents, L[ tent - new_patet(name)
while others are more if visiting_record=patient.get_record()==null

loosely structured.
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Objective & goals

Introduce a method for distributed collaborative work
environment supporting management and change impact
prediction of the diverse product fragments based on the
semantics of the product fragments.

— To investigate what means can support cooperative distributed
development by providing a common reference space to
represent the semantics of development objects;

— To explore how developers can commit to and use that common
reference point throughout the whole development lifecycle;

— To elaborate how semantics of the development objects can
benefit distributed system development by facilitating change
impact assessment;

and then:

— To investigate whether observed change impact notifications can
be useful to establish direct dependency links between

development objects.
@NTNU

Innovation and Creativity

www.ntnu.no “ G




Set of Requirements

Req1l — Flexible access to the product
Req2 — Unrestricted product fragment types
Req3 — Unrestricted relation types — Cooperation

Reqg4 — Incremental product fragment refinement support
Req5 — Support for boundary objects
Req6 — Active delivery of information /
Req7 — Knowledge externalisation in a means of

conceptual domain model Modelling
Req8 — Domain concepts explanation (extension) support

Req9 — Support for knowledge internalization

Req10 — Conceptual domain model should be available
through whole development life-cycle Product
Reqgll — Flexible metadata specification about fragment

development objects management
Reql2 — Efficient dependency management NTNU
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Granularity and structure of product fragment

storage
. Product
* Naming scheme ? él
<object, family, parent> .
L Configuration
° Composmon management Q
<object, family, parent, Composition>
fragment
A
Document Model Code Binary
fragment fragment fragment fragment
Document Model Code
structural element structural
element element
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Domain model-based integration.
Conceptual view

Concept
annotates’/ \refers to
Use
Fragment Referent
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Framework for collaborative modelling

» Externalisation;
* Internalisation;

« Commitment. ASpeCiﬁcaﬁon

Complete 1
Agreement

Opaque t Common view

Personal view

= = » Commitment
Aware Committed
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Supported Concept Definitions

Definition:
a wheeled vehicle that has two
wheels and is moved by foot

pedals
R R Synset={bicycle, bike}
Motorcycle Car Bicycle TT 4
/1/ \+/ \\\ - Bicycle

S Wheeled | : 4 6
/ . . | -
| : vehicle d
[ RN 5
\

N TR A \ Bicycle
\ r—- \
| / N——— <\
| // ~
|7
/f H N,
R Bicycle ) 0 Handlebar
— L
- ~- /o S—
/ \\‘ik——’// "
/ |
] | /I
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| Tandem Mountain . l
\ bicvel bicvel Velocipede I
\ icycle icycle J
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Product fragment management

e A set of domain concepts {C,, C,, ..., C} and a set of product
fragments {F, F,, ..., F_}:

(Fi_)ci)/\(Fj_)Ci):Fi_)Fj @)

(C; > C)A(F > C)AF = C)=F —»F @
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Architecture
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Implementation.

ey | Contert smocston | Change Inpact | BML Edeor | Quenyng | Lload | Cade f 1

A. Functionality tabs

* Python
« wxPython
* PostgreSQL

B. Information display and manipulation

D. Discussion area
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Evaluation Model

Method Adoption Model

Performance Perception Intention Behaviour

Perceived
Ease of Use

Actual
Efficiency

Intention to Actual
Use Usage
E?fecéltli?/le- Perceived
Usefulness
ness
Performfmce based Psychological variables
variables
Actual efficacy Perceived efficacy Adoption in practice
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Design of Experiment

Materials

Dependent variables:
- Performance based:
- Amount of Correct
Dependencies
- Psychological:
- Perceived Ease of Use
- Perceived Usefulness
l - Intention to Use

Experimental
treatment

Experimental
tasks

Participants

Training of participants: Direct'de'pendency linking;

Introduction to the approach; Association through

Introduction to the tools to domain mc_)del;

be used. Interpretation of results;
Post-task questionnaire

 EQI: Is the method effective?
 EQ2: Is the method apt to be adopted in practice?
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Hypotheses

H1: The method is effective, i.e. domain model
facilitates dependency establishment among
product fragments and helps to explore relatedness
of product fragments and discover “hidden”
dependencies,

H2: The method is perceived as easy to use,

H3: The method is perceived as useful,
and consequently,

H4: There is an intention to use the method.
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Experimental materials

9. Please provide your opinion about the quality of case description:

Case 1
” Very bad | Bad | Far ‘ Good | Very good ‘l
0O 1T O 1 0O 1 0O [ T ]
Case 2

Bad Fair Good Very good

‘ Very bad

Phase stru cture

HNgs st

ha

oo

Development
object

| Very good |
| ]

L ol
Case 2
| Verybad | Bad | TFar | Good | Verygood |
O 00 1 0O [ [ 0 Coimiain modal |

Q\nteractlon

010. Please rank used tools / techniques based on perceived easimess and effici

| Creation | [A\teratlonl [Dwscu59|on|

partic 111.1 r settings:
fotype
1 bm's

- ‘k"aceabzfxzy maLnx

Qllmgjne a geographically distributed software development project bigger 10 times or more
than the specified in the case 1. Please rank used tools / techniques based on perceived easiness and
efficiency, but in the settings of big software development:

1 Prototype

i Doors

1 Traceability matrix

I No, 1 have not experienced any difficulty

[ Lack of design/cade oriented abjects

L Too abstract concepls in a domain modei

[ Lack of demain knowledge. If so, please specify:

Q12. When associating design and code
fragments, did you experienced difficulty
while choosing concept from domain
model? If so, do yon think it was because

This case describes a project implementing a system
to support software development. A simplified model
defining the main concepts in the given domain is
presented for Case 1 in figure 1 below. A software
development project has a development methodology
defined as a phase structure, composed of different
phases (e.g., requirements engineering, design,
programming, etc.), every development object belongs
to one of the phases and is stored in a repository.
There are stakeholders (users) participating in a

f (choose that apply): 1
of (choose that apply) gzﬁ: 5 project. Users’ in io object
|_ - -i [ 7 de not know the reasan, e.g., the scale of an creates an event o erta event| thee. U er _Can_‘
| a | experiment was too limited, to say something
Lo trustworthy subscribe (has subscrlptlona t(? é:prtﬁu %vep at.yi c
Bl Orher: order to get notification about an event.
\
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Experimental materials (cont'd)
. Class C18 : frmFragment
A
?ubl ic ctlFragment Fragmentidd(imlHolder K="= - (B3]
intFraglevsst o Fiagment ID: I s by:
: = | = == by k
—— this.SuspendLayout(); 1 C Mo :
: a | ctlFragment fragl = new ctlFragmey - ——- : Juink test 2
L= fragl.Location = newv System. Drawin Rafionae This do cument containe the test criteria for
fragl Name = "frag:” + intFraglew) 2accndary taat of the Lk eyatem.
fragl Tag = "HEW:" + intFragNew:
s#fragl Size = new System. Drawving| Changss from Secumjz abm S R R G
this Contyols Add{fraglh PIEVIOUE VerHons: =silable lengths was
ol inifotmat
I : I | | I[ . | E - o recieved information
abowsd | | b_'r'k I:Iperatmn AD)
} et referenze-motel ! = MI
N o eprver. Modsl uimn-menll j
##Hethol K
public (I availabie) / _;l
{ ¥ Congs |
To client: Mode! response __I Launch word
o = e — =
Reflerence madel respanss S Lacate fils
rl ]
f
Create s ! fof? I m Dkil
£ dit Simplified server interaction display e when this Fragment becomes avalable
since i alpcady has been described in detail new subscnpeinn hased on this fragmert:

tent hiskary For k

T
[ | hbsoriptions to k
Edit conoept content .I 1Y |
| by
| ‘. ‘5 | trace information and providg
Save concept J'| N |
o o T BT Cmmp' ahilanuant hof new versions of variants of
| a0 | i I r e formation. Also provides comn
| b | | d | ". nt. and is an alternate starting
L——- b [ Confciated CASE-tool.
TIgTCTEnTT DUES CUITENTy 1ot support magmentation of fragments, since con

Interactor should be able to ADD, EDIT and
DELETE mapping/links from fragments to the

Ci fs:
reference-model or other fragments. OmIMENLS

I.F}i'p?':’.'l vemenis:

of fragment parts still is an vnresolved issue.

Facilitate fragmentation of fragments.

Fragmentation was not implemented due to time limitations, oth
had higher priority.




Analysis of dependency discovery performance

Subject| Totally | Partial Totally correct Total Total wof |00 pt:s§bllly % of
ID wrong |additional | mutual |additional % inspected | additional | correct cor;z::ti;:?c ‘| wrong
) ™ ®) © (10) @y
@ @ @ @ O | =en@re) [2@+er@e)| =+ |=Granm| =@+@nmn | =em
1 0 3 5 1 17 % 9 4 67 % 100 % 0%
2 4 3 4 0 0 % 11 3 36 % 64 % 36 %
9 3 5 8 12 3 20 % 28 11 54 % 82 % 18 %
! 4 2 0 13 2 13 % 17 2 88 % 88 % 12 %
= 5 6 1 4 3 43 % 14 4 50 % 57 % 43 %
6 6 1 5 0 0% 12 1 42 % 50 % 50 %
Total 23 16 43 9 17 % 91 25 57 % 75 % 25 %
1 2 3 4 0 0% 9 3 44 % 78 % 22 %
2 3 2 3 0 0 % 8 2 38 % 63 % 38 %
Q 3 1 3 7 0 0 % 11 3 64 % 91 % 9 %
@ 4 5 3 4 1 20 % 13 4 38 % 62 % 38 %
N 5 1 2 6 2 25 % 11 4 73 % 91 % 9 %
6 9 1 5 0 0% 15 1 33 % 40 % 60 %
Total 21 14 29 3 9 % 67 17 48 % 69 % 31 %
Innovation and Creativity
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Perceived Efficacy
* PEU (4 questions in questionnaire)
Subject ID 1 2 3 4 5 6
Perceived Ease of Use | 4,00 3,20 3,40 4,20 3,60 4,40
* PU (2 questions)
Subject ID 1 2 3 4 5 6
# of total inspected 18 19 39 30 25 27
# of total additional 7 5 14 6 8 2
% of additional 38,9% | 26,3% | 35,9% | 20,0% | 32,0% | 7,4%
Q18 4 4 4 3 4 3
* |U (3 questions)
Question Q10 Q11
Subject ID 1|12]3]|4|5]|6 112|3]4|5]|6
Prototype 1|11 2f1|2]117 |2|2faf2|2]1]100
Doors 322123217 |[3|2]2]|2]|2]2]217 B q l ] q l ]
Traceability matrix | 2|3|3|3[3]|2]|267 |2(3[3[3]3]|3]|283 Innovation and Creativity
www.ntnu.no \‘
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Behind the results

Case 1 Case 2
Su:)éea - Mean Overall Mean - Overall
coge |rEauire- |user design | mean (+ st.dev.) |code require- | ean (£ st.dev.)
ments manual ments
@) &) 3 “) (5) (6) @) ®) (9)
1 2,3 3,0 2,0 2,3 2,4 (+0,8) 12 25 1,9 (£1,0)
2 3,0 4,5 15 4,0 3,3 (¥1,4) 3,2 2,8 3,0 (¥2,4)
3 2,1 2,2 1,9 3,0 2,3 (£1,2) 3,4 4,8 4,1 (x2,1)
4 4,5 5,5 4,5 4,0 4,6 (x0,7) 4,2 13 2,7 (¥2,5)
5 4,5 4,5 4,0 5,0 4,5 (¥1,1) 4,4 4,3 4,3 (£1,0)
6 4,0 4,5 15 2,0 3,0 (¥1,5) 2,0 3,0 2,5 (x1,4)
Overall 3,3 (1,4 3,1 (£2,0)

group A 2,3 (¥1,2) 2,7 (¥1,0)
group B 4,1 (#1,2) 34 (#2,1)

Subject ID 1 2 3 4 5 6

High 68% | 80% | 67% | 100% | 64% | 91%

Medium 29% | 15% | 28% | 0% 33% | 9%

Low 3% |5% [5% |0% 3% | 0%

Innovation and Creativity
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Evaluation conclusions

* Results indicate the method being effective and helpful in
dependency links discovery
* The subjects’ perceptions seem to confirm the performance-
based results:
— easy to use;
— useful;
— and they have expressed intention to use the method.
» Results of the experiment give some credible indications on the
method applicability and feasibility
* Results are preliminary, due to:
— limited scope and amount of data,
— artificial, different than intended, use of the method and tool.
» Experiment on a known set of correct dependency links needs
to be conducted.
» The experiment has shown the necessity to improve the user
interface.
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Summary. Goals, means and process

|

| Common c | duct f |

| 1 . s

Goals | reference point omrrllpn . : Product fragment . Product traceability

,,,,,, | ___(space) _ ____conceptualization | _ _ management 0 07

' Externalised : :

\ . : Conceptual : Log of

Means } knowledge as 110\/[ Odellmi / domain | confirmed

| conceptual ramewor model . change impacts
,,,,,, ___model ______________.-T T

| A

| lopi i

‘ D T .

! eveoping - | Association of | prediction & | :

[ conceptual : . Refinement of

| . fragments with B g erositor fragments ! I
Process | domain concepts p y ment. using | Change associations

\ ifi I : ot i

|| Speettie mode Conceptual| Fragments associations 1bpact

} Domain are stored in confirmed

} Model | a repository l
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Main Advantages of the Method

» Helps to reconcile terminology.
« Facilitates an interpretation of development object.

» Facilitates change impact management in distributed
heterogeneous environment.

» Facilitates control of a project.
» Facilitates maintenance.
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Open Challenges

« Empirical studies on collaborative modelling;

* Representation as 4" dimension in the collaborative
modelling framework;

» Adoption of NLP techniques;
* (Semi-)automatic domain model construction;
» Web browser enabled UI.
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