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Abstract: This paper proposes the decision-abstraction and issue-decomposition principles specific to the

architectural level design, as well as a decision-centric architecture design method based on the principles. The
method models software architectures from the perspective of decisions, accomplishing the design process from
eliciting the architecturally significant issues to making decisions on the architecture solutions, it also implements

the automated synthesis of the candidate architecture solutions and the capture of the design decisions and rationale.

This decision-centric method accommodates the characteristics of architectural level, alleviating the complexity of

architecture design and the cost of decisions and rationale capture.
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Fig.1 Architecture design decision meta-model
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Fig.2 Architectural view: The accepted architecture decisions and the architecture design issues
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|1,;;i;;. —————— —

[Type ] |

Instantiation -1 B sttributes :
e Instance & |

[EFragest 2=
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e B Xlink:type
" | [zlink:href

Characterization b

Fig.3 XML schema of architectural design decision models

3 XML schema
schema (ADProject) 4 : (requirement) (issue)
(IssueSolution) (ArchSolution).  schema : (solution)
(decision) (rationale), (characterization)

AS1 XML
(ArchSolution ID="AS1” Name="Sample”)
(SynlssueSolutions IDREFS="IS1 1S2"/) (1--The issue solutions that synthesize AS1--)
(Solution) (Description)A sample architecture solution. (/Description)
(Instantiation) (Type) COMPONENT-CONNECTOR(/Type)
({Instance xlink:type="simple” xlink:href="AS1.ADL”){/Instance)
(/Instantiation) (!--The instantiation model of AS1--)
(Characterization) (CharacteristicyRealtime{/Characteristic)
(Measure)HIGH(/Measure) (Weight)1{/Weight)
(/Characterization) (!--The characteristics of AS1--)
(/Solution) (!--The solution part of AS1--)
(Decision) (Result)ACCEPT{/Result) (/Decision) (!--The decision on AS1--)
(Rationale) (Type)PRIMARY (/Type)
(Annotation)High performance. (/Annotation)
(/Rationale) (!--The rationale of the decision on AS1--)
(/ArchSolution)
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Fig.4 Decision-Centric architecture design process
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(solution exploiting) ,
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1 ’

/ (CIS) ; / (B/S)
3.2.2
. (component), ; (connector),
; (configuration), .
M ={COM,CON,CONF(COM,CON)}; COM ={com}; CON ={con}.
M ,COM com ,CON con ,CONF(COM,
CON) COM CON

1 )
, , , A
. 5(@) B/S , 5(b)
3.3
(solution synthesizing)
8
3.3.1
4 :
7. (inclusive) , INC(IS,,1Sp), IS, IS,
1S, 1S, . (identical) , , 1S, 1Sy
INC(1S,,1Sp) 1S, 1S
8. (generalized) , GEN(IS,,ISp), 1S, 1S, ,
IS,, 1Sy . GEN(IS,,1S) S, 1Sy
) ISp IS, i
9. (conflictive) CON(IS,,1Sy), 1S, IS ,
IS, IS 1S, ISy
; 1Se 1S,
10. , (independent)
3.3.2

SolutionCombine(ly,SS=NULL)
SolutionCombine(l,,SS){
/* 1,: The issue numbered x.
SS: A set containing a feasible combination of the solutions to issues I;~I,.
SolutionCombine(l,SS): combine a solution to issue Iy, into SS */
if (1, is the last issue ){ /* SS contains a feasible combination of the solutions to all issues */
Ouput SS;return;}
for (every solution IS, to issue ly.;)
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for (every solution IS, in SS)

if (INC(1S,,1Sp)||GEN(IS,,1Sp)){  /* ISy is included by or the generalization of a solution in SS  */
SolutionCombine(ly.1,5S+=1Sp); return;}  /* IS, need to be combined into SS */
for (every solution IS, to issue ly.1){

for (every solution IS, in SS)
if (CON(IS,,ISy)) break;

if (ISy does not conflict with any IS,)
SolutionCombine(ly+1,SS+=1Sp);  /* IS, can be combined into SS */

1}
3.33
, ) 1S,={COM,,CON,,
CONF(COM,,CON,)},1Sp={COM,,,CONp,,CONF(COM,,CONp)}, IS, ISy AS
AS = MERG(ISa, ISb) ={COMa U COMb, CONa'w CONb, CONF (COMa, CONa) U CONF (COMb, CONb)} .
., 9@  5(b) 5(c) : BIS
C g N S g]
Type=sROSWER [ O] Netprotocol —9 Type=WEB c gl LI
(@ SO'(L;t)igré /igstancs of “B/S structure” TpesBRosweR . F;gg::{)\'ffwm
© -SecPromcol ®)
R . (c) Merged solution of (a) and (b)
. SecProtocol -
Security=NEED Security=SUPPORT (C) (a) (b)
(b) Solution instance of “Security communication”
(ON
Fig.5 Two instantiated issue solutions and their merged solutions
5

34

(architecture deciding) , ( )
3.5

(rationale capturing) )
3.5.1
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1S, :
ACCEPT, if 3ASs(Decision(ASs) = ACCEPT A ISx € ASs)

Decision(ISx) = .
REJECT, otherwise

1

,Decision(AS,) AS, 1S,eAS, 1S, AS;.
3.5.2
. ASy
Rationale(ASx) ={Explanation(ASx), Evaluation(ASx), Evaluation(1Ss | ISs € ASx)},
,Explanation(ASy) ,Evaluation(AS,) AS,
,Evaluation(1S;) 1S
, . 1S,
Rationale(1Sx) = {{Decision(ASs | ISx € ASs)}, Evaluation(1Sx)},
,Decision(AS;) AS; ,Evaluation(lS,) 1S,
schema, Rationale
Evaluation(1Ss) XLink
(Rationale)

(Type)AUXILIARY(/Type)

(Annotation)Refer to the issuesolutions that synthesize this archsolution. {/Annotation)

(Reference xlink:type="simple” xlink:href="xpointer(//IssueSolution[

contains(here()/../../..I SynlssueSolutions/@IDREFS,@1D)]/Solution/Characterization)”/)
(/Rationale)

4
(commanding display system, CDS) (
) .CDS ) ;
.CDS (monitors, Ms) (data source, DS)
, (data base, DB)

CDS )
i , 1
; / 6 1112 ,
INC(IS1.2,152.3) 3 GEN(IS2.1,1S3.1),GEN(1S2.2,1S3.2), GEN(1S4.2,1S5.2) 5 CON(IS1.1,

152.3),CON(IS1.2,1S2.1),CON(IS1.2,1S2.2), CON(1S4.1,185.2), CON(1S4.2,1S5.1).
: : . ,GEN(1S2.1,I1S3.1)
1S2.1, 1S3.1,  1S2.1  1S3.2 . CON(IS4.1,185.2) 1S4.1
: .7 8
, 8 AS1-AS8. 8

1S5.2
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AS1 AS8. AS8 , DB DS ,Ms DB
,Ms RIA , Web , DB ,Web Cache.
Table 1 Elicited issues and discovered issue solutions
1
Issues DESCI’IPtIOH Issye Description, pros, and cons of the issue solutions
of the issues solutions
Desc: DS pushes data to Ms directly; Pros: Simple to implement; general DB technology;
. . 1S1.1 . i
n ReaI-Tlmg ) live Cons: Lack of management for live data
data acquiring 1S1.2 Desc: DS puts data into a real-time DB; Ms get data from that DB; Pros: Advantage of
) real-time DB; manageable live and history data; Cons: Cost of real-time DB
1S2.1 Desc: Cache the data in Ms; Pros: Simplify other parts of the system; Cons: Ms may be too
12 Quickly _h_istory complex and need large resources .
data acquiring 1S2.2  |Desc: Use a cache server; Pros: Ms are simple; Cons: Need a server to support cache
1S2.3  |Desc: Use a real-time DB; Pros and Cons: (as 1S1.2)
13 Network and DB| 1S3.1 |Desc: Cache the data in Ms; Pros and Cons: (as 1S2.1)
load IS3.2  |Desc: Use a cache server; Pros and Cons: (as 1S2.2)
1S4.1  |Desc: Graphical application; Pros: High graphical performance; Cons: Difficult to maintain
14 Visualization |sap |Desc: Rich Internet Application (RIA); Pros: Easy to maintain; Cons: Graphical performance
' is not very high
1S5.1 Desc: Auto-Update client; Pros: Support complex application; Cons: Need a server to support
15 Maintainability " update
1S5.2  |Desc: Browser/Server (B/S); Pros: High maintainability; Cons: Limited graphical performance
[s12] [s21]
[ v &} Mg T [ os 4
W?ﬁ 0s_ g %
Protocol=UDP |—O>—\—,—©—‘ Protocol=SQL [1522 ]
= O_@_( Pmtu;(i::‘SQL
[mi2) & &
=
—

Protocol=SQL O rype=reaLive

23
J
Mg DB £

(a) Instantiated solutions to issue 11

Get
Protocol=SQL © Type=REALTIME

(b) Instantiated solutions to issue 12

(@) 11 (b) 12

Fig.6 The instantiated solutions to issue 11 and 12
6

11 12

AS4  AS5 AS6 AS7
Fig.7 Combination tree of the issue solutions
7
; ASS8,
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AS1~AS7 .2 AS1 AS8 ,
AS8 = 1S1.2+152.3+1S3.2+154.2+155.2 J
Svr €]
%;ZEVTERQE Protocol=SQL
AS1 = 1S1.1+1S2.1+1S3.1+1S4.1+1S5.1 J é)
M £] [ Update | Swr £ T
P —— C Update=SUPPORT M &l - Rleqmw jB =
Type=APP — © rotocol=!
8;.;2;:;5#5 Get DB £] RiASTROE Get | TYPe=REALTIME
: A‘\ O—‘ Protocol=SQL ’—( Type=NORMAL ﬁg
]—Pu?sh—\ DS ] % DS £] Put
Protocol=UDP O)—l—,—@ Protocol=SQL. Protocol=SQL.
(a) Synthesized architecture solution AS1 (h) Synthesized architecture solution AS8
(a) AS1 (h) AS8
Fig.8 Synthesized architecture solutions AS1 and AS8
8 AS1 AS8
, . AS8 , AS8

, X 3 1S1.1 1S1.2
Table 2 Decisions and rationale of AS1 and AS8

2 AS1  AS8
Arch. Arch. Arch. rationale
solution decision Primary Aucxiliary Auxiliary
AS1 REJECT (Deciders’ annotation) Eval(AS1) Eval(ISxe{IS1.1, 1S2.1, 1S3.1, 1S4.1, 1S5.1})
AS8 ACCEPT (Deciders’ annotation) Eval(AS8) Eval(ISxe{1S1.2, 1S2.3, 1S3.2, 1S4.2, 1S5.2})
Table 3 Decisions and rationale of 1S1.1 and 1S1.2
3 I1S1.1 I1S1.2
Issue Issue Issue rationale
solution decision Primary Aucxiliary
1S1.1 REJECT Decision(ASxe{AS1, AS2, AS3, AS4}) Eval(1S1.1)
1S1.2 ACCEPT Decision(ASxe{AS5, AS6, AS7, AS8}) Eval(1S1.2)
5
, (ABC/DD),
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