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Practical Software Architecture Design Methods for
Non-Conventional Quality Requirements
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ABSTRACT

Software architecture plays a key role in satisfying non-functional requirement (NFR), i.e. quality requirements and constraints. Architecture
design methods and tactics for conventional NFR are largely available in literatures. However, the methods for the target system-specific
non-conventional NFRs are not readily available; rather architects should invent the design methods from their experiences and intuitions.
Hence, the hardship to design architectures for non-conventional NFRs is quite high. In this paper, we provide a systematic architecture
design methodology for non—-conventional NFRs. We provide a five-step process, and detailed instructions for the steps. In the process, we
treat the traceability among artifacts and seamlessness as essential values for supporting effective architecture design. We apply the
methodology on designing architectures for a platform software system. We believe that the proposed methodology can be effectively utilized

in designing high quality architectures for non-conventional NFRs.

Keywords : Software Architecture, Non-Functional Requirement, Architectural Tactic, Design Process, Traceability-Based
Evaluation
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Table 4. Four Desirable Criteria Derived from NFR #2

Galreut Name Description
D
The interface of a plug-in HA
Maintaining component should be compatible with
c1 Compatibility on | the required interfaces of RAINBOW
Interface platform, in terms of method
Specification | signatures and value ranges of
parameters.
L. The medical dataset manipulated by a
Maintaining

plug-in HA component should be
compatible with the medical datatypes
stored in RAINBOW platform.

C2 | Compatibility on
Health Dataset

Maintaining The implementation language for a
c3 Compatibility on | plug-in component should be
Implementation | compatible with that of RAINBOW
Language platform.
Maintaining
Compatibility on | The operating system or the virtual
ca Operating machine needed to run HA

Environment like| components should be compatible
OS and Virtual | with that of RAINBOW platform.
Machine
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Table 5. List of Candidate Tactics for RAINBOW

Culfzta Candidate Tactics
D
T1. Define Required Interface Hierarchy
c1 T2. Apply Strategy Pattern

T3. Apply Template Method Pattern

T4. Apply the Concept of Dynamic Comp. Loading
C2 T5. Use Meta-level Data Types

C3, C4 | T6. Support the Concept of Micro Service
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Table 6. Candidate Tactic Evaluation Results for RAINBOW

Tactic Decision | Criteri

D Name Y/N) | a D Rationale

[In terms of Applicable
Situation] A standardized
interface is known as one of
the effective solutions for
addressing an incompatibility
issue. If required interfaces are
. defined as a form of hierarchy,
Deﬁpe developers can develop plug-in
11 | Reauired | C1 |components by choosing the
Interface right interface in the hierarchy.

Hierarchy [In terms of Pros & Consl]
Developers may have
development burdens since
they have to follow the
standard. However, this
disadvantage overweighs its
advantages.

[In terms of Applicable
Situation] Strategy pattern is
well applied where there are
variabilities on the method
implementation.

Apply [In terms of Pros & Cons]
T2 | Strategy Y c1 |With the strategy pattern, we
can have diverse
implementations for an
operation, but also there is a
performance penalty. By
considering the RAINBOW
execution environment, this
problem may not be severe
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Table 7. Tactic Impact Analysis Result

View . .
Functional View Information | Behaviora | Deployment

Tactic View 1 View View

Add required
interface hierarchy
for plug-in
components to
H.A. Comp.
Executor.

Add strategy
pattern-related
classes to H.A.
Comp. Executor.

T1

T2

T1, T2, T3, T4x= F& Z8|1Q A% 7t HAEVEY
Aol dagt dAe #EHr] wEel, 71e wel 1% 3
7} ALUES Zea T2, AR FBUF AIUE 558E

ool ol TS v
2% 4 £3 A 29 QoA s 28] 3eA AT
&5 olgatel, 74 opldA H wug WAITL Fig 5
gE T T1, T2, TSE x%ﬁg].oq AAE HA
] 3

2 Hozr),

. Comp. Executor

g] Analytics «abstract» | performAnalysis() {

H.A. Comp. = Controller Template HA Comp | ) validate();

Executor : preprocess();

assess();

postprocess();

ssess() } .

postprocess) Applying
Template Method
Pattern

performAnalytics() |
alicate()

abstracty = abstracty %,
. i Disease Early Health Index
Disease Diagnoser Detector | | Assessor
validate() validate() i | validate()
assess() assess() i|| assess()
S :
concreten concreten
H Heart Index Mental Index
Applying Assessor Assessor

Strategy Pattern i,,, | validate() validate()
H preprocess()

Fig. 5. Result of Applying T1, T2, and T3 -
Internal Design of H.A. Comp. Executor

NFRS #&317] o] o= H.A. Comp. Executor®] %
Tz gk AAl]l HA Comp 3 2vte] ¥t o] U<



HIMEXO 22 27Alde efst 288 LZERI0] OFI=I 24 71Y 399

th T1S A&3ted HA Comp o AT T2E AlF3sto] W 7S Adst] fle F 6719 gE o] MAEY o,
gostatt. o] AT FxR= WY =X dA e 7 AR HE2 49 BE QAN BE V)EE 547
7 A o F A AAA st 1A H7F del 4 ol o1 E A EAA Y 25 4709 Fe 671 BEe] &
ANg 7|fro R AT T2, T3E A&ste] 24 A% o NS dAT = don, F 6719 Edo] NFR #2
7h g ke 354 2 7HAAS 248k IEH e~ AlF S SN F JEF AASAY. 919 4AE 53 NFR

X5 AASIACE #H/d$lel $1A13 Abstract_ HA_Comp2) #0E & g £ L E o7 g Xt FAHASS 40T
st = 77t e dagFe s Fds A% Hrk FH9a T St
Eol $1A%) 10T tulo]~E o] &gt A% B7F WHELS H7t 2 Ad A 7Y 2 A Z2AE FrkskeE A
L FRC dEglel o diold &4 H7E o delH & SRR 2 =EdAE A A7E FAFoRA A
o] AAE, A, A Ay} $A GAR o]FoA A, 7t Al Z2A| 20 A4 B ARAAS Atk Al AT
GAE AHEshes W Aozt At ol & -‘Hﬁﬁ, EE ] o EHde A7 W} AZE ZTPEo MAFAL.
25 HYEl& o] &3t HAY Template HA_Comp & A ZAE D 9Y 2ZEJo] Hu} AT EY 0 ZYE o}
2 A5k, performAnalytics() 23 Mi% ‘/PUV] 4 7192 A do]l=7} vig- o 2) tAd 17} Hr =
Mo 4 MAEE FAHeR TEIEE FEs 1 & ToT 7 o2 AEA FdEa e Erdlo|ng
g, 1 38 FYPze FE g9 Aolrp EAFT = 9 71E Al2"dbe g2 QFANES 7HH) 7] wjdolth
ovnz g HfHS ALk ogA FoEA, FRES o] A|z=gle] o7 8 AA A¥ 4744 FE ZEs] 9
A7 A4 E2 Hdigte] FEA dagEss AT 3 skl & 16709 tholol 13z} o]df tjgk Aol ke 703
o, e e e 7es AU Agsts FHaE o]7] ek AxEd o] olF|H A HAAE 2T AA
‘dE grol o FE| Aol el e EFe]l A7 3t V15S % ZRALE we AAdste] 2y, %éé}i’ olw7t #&
TS 5= o) agla, o]5e E5 Abstract_HA_Comp? WU}l AAH oz ol7 ] A wradE 4= 9}
ool g AFst Y222, Analytics Controllerdl] 2] 0] Zﬂ/\]% Z2AH 29 g EHo] LZEY ] o}7EXA
3 s&o] 7hsstith AAE o g3H 02 F3% Atk

olgl FAHAL, e HEES HEste] 7T R, AR o 579 2"lo gl FAE ZZA2 AAEH ZR2A2E
oA W A RE AASETE o] w2 AA AH AL H2 288 Xsta QA ¥of, AL g9 A5 Fefo
F2 28 304 o] FojH 7] witol, o] AAAES A 2 oEAE AAT F U
Zhol=gidl o R aste] Htl A of7|dA F HAES o A 8 A F AAEE |E8 7 A5l A
AAE = AT A3 &Sl ol 9lof, 7} 2] ANES

28] 5 3 ZAI: Ay 5ME 7 AFA Y2 el oygwEs 9 7 UsdTh
A& 7HY FAARL JPlo® RE NFRE© o7 €A o FH4 BAE o] &3 NFR H7h: 48 504 NFRe] o}
Aol & gkge]l HAEAE FIFth Fig. 62 NFR #2¢1 7182 Ao 7 MG E A=A E 1] 95 jzrxj,
Z a9 AxdEe] 435294 (Interoperahility) R} A BAE o] g8ty aL, o] & eldl ¥ NFR flo] &
oplElA A Bd 7te] FH4 BAE HAFEr) AMS BT e o|YAE AAIE 4 Al = ]

= ATt
6.8 &
Desirable Criteria
Candidate Tactics /\EEO‘"Oi 01'7] Eﬂﬂ /\4741011}\1 7}‘2 %‘Oﬁl Z'] H]ﬂ%
1t 1t 1 1 A 2 A8 (Non-Functional Requirement, NFR), & #+4
Selected Tactics T (T2 ][ 18 J| T ][T5 || T6 Q FALE g A ekALEFS WEEA] 7= Aoltl, NFRES 1# sk

oplElA A e AEE O] oplElA AA QA Hol

Views Impacted M
vaactm% [Inlo Vle'w] (Dyn Vle'w] [Depl Vlew] o]]}q 7]3;91 11,1-0]5:_7]. Li:ocq, ‘}EQEE \5}_0_ o:]:l.L7]. -é&
g FA T suolth. 2oy, B Al&gd S3td njdd

Refined Models | Fm1 \ \ FM2 \ \ ML | \ pM1L \ | DMz \ \DPM1| . B ]
A9l NFRS 918 AA el g A= Bol W3

Fig. 6. Architecture Evaluation Result for NFR #2 QA @al, AT EY 0] ofF|HE H&3 X2z Ao

o HAH A NFRS A1 &+ dE 2349 3y

NFR #2278 471¢] 8543} B 7188 25992 eSS fFEstil ol& 7|Wo R opF|HAE AT 1

™, o] @A WL V)Ee Fed el da & gelxl B2 HHFEAQ NFRE 1#ste] o7|9AE dAse &
AP RRE FEHAT F LS AL F e Tl Wi 9 gy S qictsl= Aol oyt

gk Hito] v 7Eo 2 AT 4709 &AM 2 E=EdlAe A AR NFRES A7 AXES)



400 HEXMES=2X/2ZER0 3 HI0IH St Mo H8=(2017. 8)

o] o}7|ENE AMAsz EFAoln AAH of7|gH A
A WHES Adsdt o] WHES Hd¥AA NFRS 2L
Hek ol7|HA AAdE Ag&d F vk Atd WHES
579 ~®log PR ZRAA 7 2dd ik A @
5 A IS 2y, AgE Z2A27F & A
HASS Hol7] s, 7 25l AEEY 74 84AE Y
gata, AEE 7He] FH A (Traceability) #AS #91S &
3 AT e Edeth npe R Aokd WHES] §
&4 A4S Hrtely] e AZEYY FAE obyld
A A A AFE S A AASA
AE AZES O] o}7|EH A WHEe 5L e
I} 2ol gokd 4 gltk
o HIAE A NFRES 9% o718l A AA Za2ZAxg
A A 5
o FAAL 183 AAHA NFR 714k of7 €] H7} %]
A& AN

Zj1

=

4G 5 e Aolen o 22w, F44 s 2
dete] ol7| A S Arehv] g

References

[1] M. Shaw and P. Clements, “The Golden Age of Software
Architecture,” IEEE Software, Vol.23, No.2, pp.31-39, Mar.-
Apr., 2006.
R. Wojcik, F. Bachmann, L. Bass, P. Clements, P. Merson,
R. Nord, and B. Wood, “Attribute-Driven Design (ADD),
Version 2.0, Software Engineering Institute (SEI),
TECHNICAL REPORT CMU/SEI-2006-TR-023, ESC-
TR-2006-023, Nov., 2006.
L. Bass, P. Clements, and R. Kazman, “Software Architecture
in Practice,” 3rd Ed., Addison-Wesley Professional, Oct., 2012.
[4] W. G. Wood, “A Practical Example of Applying Attribute-
Driven Design (ADD), Version 2.0, Software Engineering
Institute (SEI), TECHNICAL REPORT, CMU/SEI-2007~
TR-005, ESC-TR-2007-005, Feb., 2007.
J. Scott and R. Kazman, “Realizing and Refining Architectural
Tactics: Availability,” Software Engineering Institute (SEI),
TECHNICAL REPORT CMU/SEI-2009-TR-006, ESC-TR-
2009-006, Aug., 2000.
N. Rozanski and E. Woods, “Software Systems Architecture:
Working with Stakeholders using Viewpoints and Per—
spectives,” 2nd Ed., Addison-Wesley Professional, Nov., 2011.
[7]1 S. T. Kim, D. K. Kim, L. Lu, and S. Y. Park, “Quality-driven
Architecture Development using Architectural Tactics,” The
Journal of Systems and Software, Vol.82, No.8, pp.1211-1231,
Aug., 2009.

[2

=

[3

=

(5

=

[6

=3

[8] A. Tsadimas, M. Nikolaidou, and D. Angonostopoulos, “Handling
Non-functional Requirements in Information System Archi—
tecture Design,” In Proceedings of 2009 Fourth International
Conference on Software Engineering Advances (ICSEA
2009), pp.59-64, Sep., 2009.

[9] H. Reza and E. Grant, “Quality-Oriented Software Archi-
tecture,” In Proceedings of International Conference on
Information Technology: Coding and Computing (ITCC 2005),
May, 2005.

[10] G. Pedraza-Garcia, H. Astudillo, and D. Correal, “A Meth-
odological Approach to Apply Security Tactics in Software
Architecture Design,” In Proceedings of 2014 IEEE
Colombian Conference on Communications and Computing
(COLCOM 2014), Jun., 2014.

[11] Systems and Sqftware Engineering —Architecture Description,
ISO/IEC/IEEE 42010:2011, Dec., 2011.

gt 83
e-mail : hjlaB0@gmail.com
20031 3| vsta Ak BEH-(ShAL)
20060 s distal 75 E K

#9
201149 TS e S S
]

2013d~8 A (F)2=vE g A%
Al F-oF : Software Architecture, Mobile Cloud Computing,
Internet of Things Computing

2+ =
e-mail : sdkim777@gmail.com
198413 Northeast Missouri State
University A2FsHEA})
198811/1991d The University of Iowa
748 (A AL/EEAL
19914 ~19934 $t=54l A7 e
AdAd+d
19943 ~199%5d A A AZEgO]ATA AIATLA
19959 ~d Al sAUgtn AXES o]y ug
A F-oF : Object-Oriented Modeling, Software Architecture,
Internet of Things Computing, Machine Learning—based
eHealthcare



