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A Study on Efficient Application of Architectural Patterns
by the Taxonomy of Software Requirements

Jong-Woo Choi" - Sang Yoon Min'"

ABSTRACT

As software grows continuously in scale and complexity, the role of software architecture has become increasingly important across
various industries. Although software architects often rely on their experience and intuition when designing such architecture, there is
a variety of methodologies being researched for architecture design. However, these methodologies do not address the specific effects
of applying multiple architectural patterns to a system or the sequence in which they should be applied. In this study, we explain the
variation in architectural design results depending on the order in which the same set of architectural patterns is applied to a single
system. Based on this phenomenon, we identify requirements for applying architectural patterns and propose a method of classifying
the patterns to be applied. We also propose a prioritization process for requirements to efficiently apply the classified patterns in a
specific order. Finally, we show a case study that prioritizing requirements based on architectural pattern types is beneficial for efficient
software architecture design in terms of quality attributes.
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Table 1. Keyword Frequency Analysis for the Layered Pattern

Primary Keywords Frequency Common Words Frequency
layer 11 the 25
layers 7 a 19
modules 6 of 17
system 6 to 13
allowed 4 in 11
software 4 and 10
layering 3 this 7
partition 2 is 7
separation 2 that 6
independently 2 be 5

Table 2. Software architecture pattern pool

Pattern Name

Keywords

layer, modules, bridging, nonadjacent, relation, strict, partition, called, modifiability, separation,

Layered independently, portability, public, abstractions, complexity, uses, interface, interact, relationship, cohesive,
grouping, segmented, undirectional and etc.
broker, service, server, client, provider, failure, distributed, complex, component, location, dynamically,
Broker proxy, communication, messaging, marshaling, compatible, requests, return, availability, interoperate,

exchange, deliver, bindings, intermediary, unmarshaling, protocol, indirection and etc.

Client-Server

server, client, service, request, reply, web, protocol, data, resources, ports, access, interactions, calls,
browser, scalability, factoring, connection, distributed, availability, multiple, invoke, change, callback,
notification, waiting, send, receive, request, host and etc.

Publish-Subscribe

event, consumer, producer, data, subscribe, bus, connector, interact, messages, publisher and etc.

Peer-to-Peer

peer, service, data, distributed, availability, interaction, request, response, interact, decentralized, delivery,
protocol, security, consistency, backup, routing, p2p, scalability, indexing, routing, capability, flexible,
seprated, discovery and etc.

Model-View-Controller
(MVO)

user, data, interface, view, model, controller, separate, interaction, manages, modifications, notification,
changes, widgets, event, callback and etc.

Pipe-and-Filter

data, filter, pipe, input, output, processing, independent, ports, interaction, streams, transformation,
downstream, sequence, concurrently, coupled, graph, passing, protocol, upstream, buffer, parallelization and
etc.

Service-oriented
architecture

service, soa, consumer, provider, distributed, performance, registry, modifiability, security, interoperability,
shared, request, transaction, participants and etc.

(Son)
Shared-data data, shared, store, accessor, consumer, interaction, transaction, database, and etc.
Map-reduce map, data, sorting, key, partition, instances, parallel, repository, nodes and etc.
Multi-tier tier, multi, allocation, adjacent, grouping, eventbased, sharing, notification and etc.
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Table 3. Example of Prioritization of Candidate Pattern

Priority Criteria Pattern
Priority 1 Patterns with external Client-Server(4),
¥ relationship Broker(3)
L Patterns with internal
Priority 2 relationship Layered(2)
L Internal algorithm that is
Priority 3 difficult to pattern None(1)
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Table 4. Software Requirements of Sample Software

. (Biz. value,
No. Requirements IR
uMediaServer should be able to deliver

1 media commands (e.g. play, pause and etc.) (H M)
to the video playback pipeline designated ’
by the media application.
uMediaServer should be able to deliver

) commands (e.g. startRecord, stopRecord H M
and etc.) to the camera pipeline specified ’
by the camera application.

3 Pipelines are separate and shouldn't be M. M)
called directly from the application. ’

4 uMediaServer must deliver notification H M
events and errors related to playback. ’

5 Multiple applications should be able to send . M)
play commands simultaneously. ’

6 uMediaServer should prioritize 0L B
applications that can be played. ’
The communication system should be

7 abstracted. @. M

8 | uMediaServer should always be running. ™M, M)
uMediaServer should provide applications

9 |with a separate communication library in (L, H)
the form of a proxy.

10 All command requests should be returned 0L B
within 10msecs. ’

uMediaServer= Pt o] ofj&g]A o] A(application)ol| |
webOS9] m|tjo] o] LeQlS o]§S & SIEE QI Ho|
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Fig. 5. The Architecture of Sample Software
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Table 5. The Measurement Result of Original Umediaserver

Table 6. Candidate pattern by sample software requirements

Module Modifiability Performance
uMediaserver 0.35 0.34
(original) #=1{3, 4} #={14, 1}

Amelg S7A71E 99 F st dbe] 4% Fk
aole}, o]z Qs Sex AR 40 wHY AL 7%
ZRAA $5 ol §HA A5S BRI 0%E 14o]9] gt
2 7Hu 10] 7PHe4E Aol B2 AOF WA n

=
° Agstels P Soli, #2 A4S ougch

N

2% W0 T7lo) uel Aol Pebdl 4 YA HHE

Performance =
1 {l 2711 (1 _ # of touched classes) + (1 _ # of processes having lmffer)} (3)

2™ #of whole classes #of whole processes

Fig. 5914 Z2to]AE(umedia-api)@} A (umediaserver)
7b g =o] qlo] /LA 7+ AR EE7t &olsta, Aol
22 =0 SAAA(UMSConnector) ¥7 Al $7g0] oIt
Hol| ot oqk B2 H(broker) FHHE uMediaServer7}
OE TZAMARE BE umedia-api®} resource_mgr_client
o] A& #Hd BEFEIF =11, 549 resource_mgr_
client ¥2E 95 i 47§19 Controller (ProcessPool,
PipelineManager, ResourceManager, AcquireQueue)
of SE=o] wxe |7t vt vt o] AHHo|AE 7}
StAY 8% 1w uMediaClient, uMediaServer, Pipeline
Manager, Pipeline 4719] @A W7ol dZz o HQ3s|al,
mlolmalQl 49 H&d ¥7H A= Resource Manager,
resource_request_t, AcquireQueue 3719] S A F£Ho]
Zadf ol=fdk 2 FE $Ho| golshA| gkZ ZoE #A4
"ot 702 F5 SHolA EH ntjo] ¥ e 2%
Aol &4 uMediaServerg B4 AEEHEZ 450 £
%2 JFE & 5 A3 AcquireQueue HH HHZE Q5|
E57(blocking)¥= ¥Ho| AUS A5 olFo] A= o]
HE A2l= A|A=A "ot B7F A#E o8l 787 Ao
Table 52 Zt}. W7 8o]4(Modifiability)2 ©tjo] API
FAT AAEY B £ 7102 EHL 9 0.352 HrhH
1, A5 (Performance)2 v|tjo] AP] A7} M ZZA|
A o] g AR £33 0.34F HrHE

4.3 PRTE Xg%t Of7|HIX A7 L Lot

D 94 10 8741 A 9 ofid 25

A Y ATEQ o] 87AR} HAEQ] Table 45 B2
2 g ARMEE oi" E9] A8 &4 719E0lA fAF ©olE
Zlo} JLRof| HAJSEAL Table 63 o] XA} HfE(candidate
pattern)] sid HHFS F7IRIcE hHEHOE QAR 1H
oA “deliver’gt= ©oi7l m{® Eof|A Broker MH,
Peer-to-Peer HE19] 7| AE0| A5kl FARE ol
2 33E Aggti= Yu]olA “send’ = FASHA THE o
Client-Server H = F7}135it}. o|2A] 7|EE 7[Fto =2
IE QAR s A3t HHE FobA ERSh

Candidate

No. Requirements
pattern

uMediaServer should be able to deliver
media commands (e.g. play, pause and
etc.) to the video playback pipeline

designated by the media application.

uMediaServer should be able to deliver
commands (e.g. startRecord,

2 | stopRecord and etc.) to the camera
pipeline specified by the camera

Client-Server
Broker
Peer-to-Peer

Client-Server
Broker
Peer-to-Peer

application.
3 Pipelines are separate and shouldn't be Layered
called directly from the application. MVC

Client-Server
Broker
Peer-to-Peer
Publish-Subscribe
MVC

Client-Server
Peer-to-Peer

4 uMediaServer must deliver events and
errors related to playback.

5 uMultiple applications should be able
to send play commands simultaneously.

6 uMediaServer should prioritize

applications that can be played. None
7 The communication system should be Lavered
abstracted. 4
uMediaServer should always be
8 . None
running.
uMediaServer should provide Broker
applications with a separate Layered

communication library in the form of Peer-to-Peer
DIOXY. MVC

Client-Server

10 All command requests should be Broker
returned within 10msecs. Peer-to-Peer
SOA
2) ©A 20 Hgo] 429 A3

E7 & Table 7498 Aot 5743 RlE
5 o] AT ol HIFoE QAR ARt
27108 Il SAEAE ZAT 4= U=E SHH Table

FeEdt oF BAL BE ey} wigE 8+
Aol Priority 12 7H¢ #1311, BE WF A< i o
¥ o8y QAo Priority 271 "t} AF +X3E
Sfjof sf= @AKol Priority 3202 7MY ¥ SAEE
ZHXA ot ZF g 9] lEss 2 S99 Aol 4
| A8 AFY 2do2 ARESIT

Table 7. Prioritize Candidate Patterns

Priority Criteria Patterns
Peer-to-Peer(6)
Priosity 1 Patterns with external Client-Server(5)
1y relationship Broker(5)
MVC(3), SOA(1)
. Patterns with internal Layered(3)
Priority 2 relationship Publish-Subscribe(1)
L Internal algorithm that is
Priority 3 difficult to pattern None(2)
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Table 8. Prioritize Key Requirements of Sample Software

(Biz. value, | Priority

No. Requirements Arch. impact) | by PRT

uMediaServer should be able to
deliver media commands (e.g.
1 play, pause and etc.) to the
video playback pipeline
designated by the media
application.

uMediaServer should be able to

deliver commands (e.g.
startRecord, stopRecord and

2 etc.) to the camera pipeline (H M

specified by the camera

application.

H M Priority 1

Priority 1

Pipelines are separate and
3 |shouldn't be called directly ™M, M)
from the application.

Priority 2

uMediaServer must deliver
4 | notification events and errors H, M)
related to playback.

Priority 1

uMultiple applications should
5 | be able to send play commands L, M
simultaneously.

Priority 1

6 uMediaServer should prioritize 0L 1)

applications that can be played. Priority 3

7 The communication system
should be abstracted.

8 uMediaServer should always be

L, M Priority 2

running, ™M, M) Priority 3
uMediaServer should provide
9 applications with a separate . 1) Priority 1

communication library in the
form of a proxy.

10 All command requests should
be returned within 10msecs.

™M, H) Priority 1

A9 7120 Tt ERE HHE S VEsTE =2 o
E& A48 Priority 1 7]&9| A+ Peer-to-Peer & O]
AEE T, Priority 2 7|&A& Layered m{Elo] A==},
o|F HIF O & Table 84 7t 87AI}S] A4S A4
Stt}h. Table 89 3¥ QFARIAE Priority 1 =& I}
Priority 2 m€o] Zo] ¥HE A 7 L4 2400A
Qg 9o whet A el 2 A%t Layered H
Elo] Priority 2 7oA HlE7) 714 wol 3¥ Q FAR
2 Priority 22 A3}

3) @A 30 R BA% AEE dY H&
5 oA AvrE idS A3t ol SEE FEo]
Al Peer-to-Peer H€lo] 7P £& T4 HI=4E Hoj o]
g3t} 7|20 Broker e 480 F Broker %
& umediaserverg& AASILL Peer-to-Peer HE-Z
235} umedia-api®} resource_mgr_client’} 24 A
o] k& 5} Fig. 63 o] AAHr}. Fig. 59 & Aol
umediaserver ¥&o0] B% AAEE Aok

S, o

e

4) 2 4 WE DAL AT diE e
EAAA & Q5] =& @& UMSConnector S|4
£ F7Voto] Layerg Wil ©17 8ol A7 =S o

umedia-api resource_mgr_client

AppClient PipelineClient

Fig. 6. 1st Architecture to Apply Patterns Related to
External Relationship

1 1

umedia-api

resource_mgr_client

—eenecten
0 0
1 1

UMSConnector

Fig. 7. 2nd Architecture to Apply Patterns Related to
Internal Relationship

o} ol SAIAA FEE EYStHA AHA 22 BE¥ T
BENATE BAE St FES 8ot 8238 7HAA Eoh
Publish-Subscribe H®2 9% 42 F@sto] 2 1}
EhA] ok=th. Fig. 73 Zo] AAE). Fig. 63} HI A
umedia-api®} resource_mgr client WHoll UMSConnector
7F F7bdh

T

5 @A 50 WE gaElE 2 AE

e AFsHA] &8 QARG ES 9ol 25 F71Rith
ofZACIAES] A FEE 9l PipelinePrioritys
27Kt HEA QRS S $Y Z2ALTE ) R
54 Z2AAT HIRA SREE T8 ZEAAL] FE
A%e 77 glo} 7|20 T 4 9l 7H8A EA} 92
o, 2F2O= Fig. 87} o] A=t

7]& Fig. 59 7 284 2 JES 8| wsHH Table 99t
2tk B2A o] glol WA FYA FuE Sk
Faotd uMediaServer?}t 5+9 Controller&% Pipeline
Manager, ResourceManager, AcquireQueue, Pipeline
Pool eleHgo] B3 s, gt BE vjojzatele] A
A HE 5} PipelineX resource_request_t A& A&7}t
PipelineClientol 4] 73] 4 S #els1A €}, w3 o}
£ ojmetels AojolA] S Folof 3] e

umedia-api resource_mgr_client

I PipelineCint } «.‘}
]
Q
l

PipelinePriority

¢

1

UMSConnector UMSConnector

Fig. 8. 3rd Architecture with Internal Algorithm Applied
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Table 9. Role Mapping in Original and Modified Umediaserver

No. original umediaserver modified umediaserver
1 uMediaServer N/A
2 PipelineManager N/A
3 Pipeline PipelineClient
4 UMSConnector UMSConnector
5 ProcessPool N/A
6 Process N/A
7 ResourceManager N/A
8 resource_request_t PipelineClient
9 AcquireQueue N/A
10 |acquire_request_connection_t PipelinePriority
11 uMediaClient AppClient
12 ResourceManagerClient PipelineClient

PipelinePriority7} F7F=|0] &AM oA A=} 4%
AE gt Exo AAEY S EHasiXit
shte] QlejHoj Ao #HE BE F#jAE0] AppClient
ShUE Aot mto|Leielof 21 A= QIFHo|AE
SESH =Hol HA ol7|9 A7} Fig. 5ETh 7HEsHA A
=

0) @A 6 oFIEIA B7}

T oFIEAE WA &0l 5 SHolA Brts) £
o}, Peer-to-Peer &l {02 Qs ELQ3 Ha AV}
QlolA 727} ZasAn, vltlol QEsolAS FobsHAL
54 ) AppClient 245 545t Ho] e 7]
& Fxo) Hg] HofRA Hot EI LAY B HA Al
PipelinePolicy S|4 W7o "t} 7} resource_
mgr_client?] A8 A% FE-S BT o|TotHA Hlxe] ¢
H|7}F QlojA] 1, mijo] ¥ A Al AHE ARA] 4o, ¥
o 77go] AA=H] gl FEgt Hol UZ Aor 24
Heh 4R YR dugEe R APt $49] &
A AE7 S90 AS5H F+271 ol =A AR 57187 =
= 7k Yoy 7le2 B s&cta, Aol FE= F
2olgt 34 &4 57 &2 ALE wodEt. 7 24 &4
o] FrIA 2 HIIS|E™ Table 1037 2ot #H7F £ol4
(Modifiability)2 8%+ A 47F F01€HA 0.15p
FAE 31, A5 (Performance)2 W& 3= process §&
7} €9A 0.16p FFEHA

Table 10. The Measurement Result of Original
and Modified Design

Quality Attribute Original Modified diff.
- 0.35 0.5

Modifiability 4= 4 £= {1 1) +0.15
0.34 0.5

Performance £= {14 1) 4= 0 +0.16

F ERAAE olgst 2842 OF|EA IE Mo 2t A7 293
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A 2ol s AAE oA} PRTE 483t of
g5 Hud wf PRTE #83 oFIgA7F H7F &0l
HollA o ae2d Aoz FAEn. vHo] UFFHolA
F7F Al 71 o8 A = 47119] S 27} M= ofof sARE
PRTE &3 o8 A= 1719 Sd27F WAgHL, AAE
g A ¥R A #EEe 27T 3MM R EHA
0.15p FAEAH. S WY o Z2A| 27} A7 A
d5°l 0.16p FAEUT. F7I=2 PRTE 282t of7|EA
oAE BEAQt T2 EATE duE|Ee ZTeAAYE gl
weE sl dHlshs WZeTt Aoz Hol § ae3
]l op7lE| A 2tarl ItEt. ot A 2HE Higo R &
2R AAE AAH ez T & 3le HE 7Rt 8FARY £
FAAE ARt

5. 22 ¥
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A7

ol7|ER HA7 R opjEEe] Ayo] 25l 9]
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» oo £ T of

l‘[-_{>rlm
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I(grouping)staA mE |7 T £4& o] 1Hs}
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