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Abstract: “In this paper, the prediction model based on Bayesian is constructed for presenting cause and effect

relationships ‘between software structure features and software flexibility by consulting the experiential data and
expert knowledge. In addition, the Bayesian networks learning technique is extended to find out the weak causal
relationships in the software flexibility prediction model constructing. Finally the method and examples using the
prediction model to assess software flexibility in the software architecture level are presented.
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Table 1 Metric of software flexibility in software architecture level

T BT FR 2 IR A P e s (U

Quality

feature Quality metric Metric definition
Causes of The type of change cause The causes of changes 1gclude: function requirement changes, quality requirement
changes changes, technique mechanism changes.

There is a Change Impacted Graph when software architecture changing, and the max
scale of the st class change is defined
changes change MaxChangeSize 1 = max({v;.ChangeSize 1|v, € CIGV _Changes})

There is a Change Impacted Graph when software architecture changing, and the mean

scale of the st class change is defined
The mean scale of the Ist class z

h v,.ChangeSize 1 ~ { \
change . v, €CIG.V _Chagnes # \
MeanChangeSize 1 = -
\ CIG.V_,‘Chagnes I -

There is a Change Impacted Graph when i):ware architecture ¢hanging, and the max

Scale of The max scale of the Ist class

The max scale of the 2nd class | scqle of the 2nd class change is defined,

change MaxChangeSize 2 = ma&(( {v, .t‘ha Sizd"? | v, € CIGV _Changes})

There is a Change Impacted Graph when software architecture changing, and the mean
scale of the 2nd cl‘ss change is'defined

The mean scale of the 2nd

class change v;.ChangeSize 2

\
MeanChangeSize 2 = Y ECIGY_ Chagnes
|CIGV _Chagnes |

§ 7| When software architecture changing, the module change ratio if defined

Ratio of
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Table 2 Metric of software structure in software architecture level

T2 ORI R G R AE SR 1 e )
%L;?E:Z Quality metric Metric definition
Role(x) is the template role collection of the specific connector’s type x in the software
Complexity | The complexity of system architecture model M, then the complexity of system roles is defined
of software roles z (| Role(x) \)2
structure CP_SYS_R CP SYS R=XCN_TIE
- |CP_TYPE |
Messages(x) is the output message collection of the specific connector’s type x in the
The complexity of system software architecture model M, then the complexity of system messages is defined
messages Z (| Messages(x)|) \
CP_SYS_OM CP SYS OM = N7 .
- - |CP_T Y‘PE | -
R 3 -
Software The size (if component’s | The gize of component’s types in the softwarefarchitecture model M is defined
morph MP SYSVPESPTSIZE MP_SYS_CP{SI =| CR&TYPE |
— = n N, -
The size ?f connector’s | The size of connector’s types in the software architecture model M is defined
Ypes ““MP_SYS _CNTSIZE =|CN _TYPE
MP SYS CNTSIZE s L ) -5 _ |CN_TYPE|
The size of components The size o\components in the software architecture model M is defined
z
MP SYS CPSIZE MP_SYS_CPSIZE= Y, |CP()|
— N i 1eCP_TYPE
The size of connectors. | The size of connectors in the software architecture model M is defined
MP_SYS CNSIZE MP_SYS CNSIZE =MP_SYS CNTSIZE
) Role(x) is the role collection of the specific connector’s type x in the software architecture
I\};[‘;dg;;l; 0];?}?{_%“ model M, then the depth of system is defined
- - MP _SYS _DEPTH = max(| Role(x)|),x e CN
The width of system The width of system in the software architecture model M is defined
MP_SYS_WIDTH MP _SYS _WIDTH = max(| CP(t)|),t e CP_TYPE
. ) The connection density of system in the software architecture model M is defined
The conn:(}:]tslto;rrlndensuy of z (dependence _ count(x))
MP SYS CD MP7SYS7CD — xeCP _TYPE
=Y |CP_TYPE|
The type tree’s complexity The type tree’s complexity of system in the software architecture model M is da&ned
of system MP SYS TIP - 2 T RE A S TR AR 6 1 A s PR 0 \
MP_SYS_TIP - - 2T E’\J\ﬁ'ij(i&ﬁ \ #
Reusabilit The internal reusability | The internal reusability in the software architecture model M is definéd
Y RU_SYS_INTER RU _SYS _INTER = #{F AL {1 E@@i&ﬁ—mﬁ%@ﬂm%ﬁ@@& TS
The global coupling in the software architécture:model M is defined
CL_SYS _MEDIAN.= median({CL _CP _IND(x,y)})
. The global coupling
Coupling

CL_SYS_MEDIAN

And the function me‘ian IS count'the mean value of elements in collections.
\
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Table 3 Metric level
=3 EERMFEHNSE

Metric Level Range Metric Level Range
High (5,+00) High (100,+00)
The max scale of the Ist class change Low [0,5] The size of components Middle | (50,100]
High (3,+) Low (0,50]
Th le of the 1st cl h >
e mean scale of the Ist class change Low (03] High (.+0)

The size of connectors

High (3,+») Low (0,3]
The max scale of the 2nd class change Low (0,3] High (6,+00)
Zero 0 The depth of system Low 0.6]
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|_ Preparation work I
I Select Bayesian Access to . | . .

. . Discrete data Bayesian network Bayesian network
| network learning > domain > processing ¥ siructure learning > parameter learning
I algorithm knowledge |

Fig.4 Steps of constructing SAFlexBBN
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Table 4 Set of change scenario
F4 Llhssk

The type of
change cause

Pattern name 1D Change scenario Active changes

S1 _Cl

addPluginManager=(PluginManager,1,0,ADD_COMP,NULL)
The dynamic function function modCol=(Collection,0,1, MOD COMP,NULL)

configuration is requirement | modEntity=(Entity,0,1, MOD_COMP,NULL)
Layer S1 C2 implemented by the |change/quality | modUICtri=(UIControl,0,1, MOD_COMP,NULL)
framework manager to | requirement | modWSCtrl=(WSControl,0,1,MOD_COMP,NULL)
manage the components changes modUI=(UI0,1,MOD_COMP,NULL)
modMessageRecver=(MessageRecver,0,1,MOD QOM%’,N ULL)

S1 C3 .

PipeFiliter S2 Cl1 -
.. } 0 >
Table 5 Flexibility metric of software arshl‘bcture,
RS HOIRIR R G5 M N R S
Causes of Sc)le of changes Ratio of changes
D changes
The type of | The max scale of | The mean scale of the | The max scale of the | The mean scale of the | The module
change cause [the 1st classichange|  lst class Change 2nd class change 2nd class change change ratio
S1 Cl1 1 N B 2.71 0 0 0.025
S1._C2 1,2 « B 1 0.14 4 2.29 0.491
S1.C3 3 ¥ 0 0 3 2.14 0.492
2 -3
Table 6 Structure metric of software architecture
6 AN AR GRS ) R R
Complexity of .
software Software morph R(jl;abl Coupling
Pattern | Pattern structure d

ID name CP CP ];/[\];S lg/g‘s MP MP I;[YPS MP MP MP RU CL

_SYS| _SYS CPTSI| CNTSI _SYS _SYS “DEP _SYS | _SYS | _SYS _SY; _SYS

R OM |- - CPSIZE| CNSIZE | - WIDTH CD TIP AINT EDIAN
e ZE | ZE |- - TH |- - - - -
S1 Layer | 7.54 | 7.31 13 2 366 2 7 123 0.92 0.0625 4. 1.06
Pipe- .\ ! -
S2 Filter 7 3.14 7 1 7 1 7 kl \ 0.86 0 0 1
- —
s3 | Black-l 51 4g 5 1 5 1 sNO8 A oo 3 2.45
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//Function name: Ext_ K2 Search
//Description: extended K2 search algorithm
//input parameters

// nodes: sets of ordered nodes

// permitRelation: causal relationship with permitted priori knowledge
// forbidRelation: causal relationship with forbidden priori knowledge
/! data: the set of trained data

// u: the number of maximum parent nodes

Ext K2 Search(nodes,permitRelation forbidRelation,data,u) {
for (i=1<nodes.size()) {
PAi.clear();
/I add into the set of parent nodes directly if it is permitRelation.
foreach z=Pred(i) {
if (i,z) is in permitRelation) {
PAi.add(z); & \ \
} \ -
} 5 4 | wal®
pOld=g(i,PAi,data); 3 s
OKToProceed=true; \ -
while (OKToProceed && PAi.size()<u) { \ -
//find out the node which makes the biggest g in the set of probable parent nodes of node i
z=findMax_g(i,PAi,Pred(i),data); -
/I quit the while loop if it isiforbidRelation
if ((i,z) is in forbidRelation) {
break;
W ¥ .
1l proce?s the nodes that have been added into the set of parent nodes
Y o PGz is in Pred(i)) {
Y contintue;
: }
pNew=g(i,PAi.add(z),data);
if (pNew>pOld) {

pOld=pNew;
}
else {
OKToProceed=false;
PAi.remove(z);
}
}
output (“Node”, i, “\nParents of this Node are:” PAi); 3 \ \
} } \ . ®

3 >

Fig.5 Extend K2 searching algorithn-\’ ‘ - 8
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n;?X[p(Bs,D)] = HgSIX[p(Bs)p(D/ By)]= gslgécs[p(Bs)p(D/ Byl=c gslggs[p(D/ By)] 3)
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Table 7 Result of experiment \\ . .
£7 LhilmsRl ) 5 F

-

Node N e § Result

3 Low Middle High
The max scale of the Ist class cﬁenge‘\ 0.90/0.90/0.90 — )= 0.10/0.10/0.10

N Low Middle High
The mean scale ofihe %st class ch)nge 0.82/0.84/0.73 ——)— 0.18/0.16/0.27

* "

Zero Low High
The'max §eale of the 2nd class change | 67/0 14/0.19  0.23/0.59/0.55  0.10/0.27/0.26

¥ Zero Low High
¥ The mean scale of the 2nd class change |, f0/) 13020 0.22/0.68/0.52  0.10/0.19/0.28

Low Middle High
The module change ratio 6 /8'2:/ 03 0.32/0.58/031  0.07/0.07/0.07
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FEPREAIE B ARORT A AR AL AR AR A L A — 5 14 5 W), ELIK Rl 5 0BG F 2 0 i DR A 2255
KU 2.1, MRS A (AR BEXT1- 1 1 AR AR ) 52 i
FE RGN TR 8 PR IR v VIR IR, 20 S50 8 3 DU 307 ) HE BT 534 1 SRR A 20 A, W3R 8. |
T (R 45 SR AT EUA 2 P e R AR A I T SR AR 8 A £ SR PEBRAIR, 1 42 1 SRR A AR I P AR 2 Ao
Table 8 Result of experiment

x8 WRIMHLAR

. The mean scale of the Ist class change
Evidence node -
High Low
. High 0.40 0.60 ’
The complexity of system roles Low 015 085 » \ \
-
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Tabl;9 “-Result of experiment
9 SR HELR
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Y L High Low Zero
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Low 0.11 0.64 0.25
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Table 10  Result of experiment

F10 9040 » \ )
\ *
Evidence node The mean scale of the 2nd cl’ass change_ - 4
High Low o Zero -
. High 0.09 0.75 0.16
The global coupling Low 031 @-60\ \1 0.6(
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Table 11  Structure metric of JFace
F 11 JFace W45 ML 45 R
Quality feature Metric Value | Level
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The size of components 122 High="
Software morph The size of connectors 2 "Low
P The depth of system i Low
The width of system = 58 | Middle
The connection density of system 0.75 Low
. | The type tree’s complexity of system 0.0 Low
Reusability | " The internal reusability 0.0 Low
Coupling The global coupling 1.81 Low
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Tablel2 SAFlexBBN prediction result of JFace
F 12 JFace ) LR J7 100 45 3

Causes of changes Scale and ratio of changes Prediction result
The max scale of the 1st class change Low High -
The mean scale of the Ist class change | 0.69 0.31 -
The max scale of the 2nd class change Low High —
The mean scale of the 2nd class change | 0.88 0.12 -
The module change ratio Zero Low High
The max scale of the Ist class change 0.72 0.22 0.06
The mean scale of the 1st class change | Zero Low High ¢ \
The max scale of the 2nd class change | 0.71 0.17 0.12
Low | Middle | High
0.58 0.36 | +0:06
The max scale of the 1st class change\ Low B High -
The mean scale of the 1st class ch%ge 0.69°| 0.31 —
The max scale of the 2nd class change | Low®| High -
The mean scale ofithe 2nd class change | 0.91 0.09 -
The module change ratio Zero Low High
The max scale of the Ist class change 0.11 0.64 0.25
Themean scale of the 1st class change | Zero Low High
3 The max scale of the 2nd class change 0.09 0.6 0.31

Function requirement changes

The mean scale of the 2nd class change

Quality requirement changes

#* n -
Low | Middle | High
i s The mean scale of the 2nd class change 048 044 0.08
Y The max scale of the 1st class change Low High —
¥ The mean scale of the Ist class change | 0.69 0.31 -

The max scale of the 2nd class change | Low High -
The mean scale of the 2nd class change | 0.79 0.21 —

Technique mechanism changes The module change ratio Zero Low High
The max scale of the Ist class change 0.17 0.57 0.26
The mean scale of the Ist class change | Zero Low High

The max scale of the 2nd class change | 0.15 0.52 0.33
Low | Middle | High
0.58 0.36 0.06

The mean scale of the 2nd class change
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