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Abstract Both Optimization and Reuse Technology are considered as core technologies handling the values of
products in embedded software. Framework technology is a typical type of optimization and reuse technology.
When we develop software based on framework, The effect of reusability as well as development productivity
can be improved. However, currently the form of framework-based development is very poor in embedded
software development. Furthermore, because framework development is also beginning stage in embedded
software development, there are questions whether developing framework can bring reusability effect. In this
paper, we propose metrics measuring reusability of framework which is designed for improving reusability of
embedded software. As as result of applying proposed metrics into real design cases, we can obtain more
effective results in framework-based design than existing design.
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A 9] 1. o|3|A(EMI: Existence of Meta-Information)

EMI(c):= §F FEUE o me} JRO| 24 {F5E
ojmgiey.
1 (Meta Info exists)
EMI(c) =

0 (otherwise)
Confidence Interval:[0.5,1.0]

Aol 2. AEXLHE ZSA(RCC: Rate of Component
Adaptability)
RCCO)E 3 HEUE We] £45 7hed 54 715
o 4450 g ojujsi

P, (©)
m (A(c)>0)
RCC(c) =
0 (otherwise)
where,

P,, (c) :number of writable properties in Component ¢
A(c):number of fields in Component ¢
Confidence Interval:[0.17, 0.34]

Aol 3. AXLHE o]AA(SCCr: Rate of Component
Portability)
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where,

B, (c) : number of business methods without return value in Component ¢
B(c): number of business methods in Component ¢

Confidence Interval:[0.61,1.0]
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Changeability(c)= ¢t HEVIE 9] o QE|go]A
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R0

R(c)
Changeability(c) =

(R(c) > 0)

0 (otherwise)

where,

R .(c) :number of changeable methods of Component c's required interface
R(c):number of methods in Component ¢'s required interface

Confidence Interval:[0.17,0.34]

Aol 5. AXUE A (Replaceability)
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2 R 0

R(c) (R(c)>0)
Replaceability(c)=

0 (otherwise)
where,

R, (c) : number of replaceable methods of Component ¢'s required interface

R(c) : number of methods in Component ¢'s required interface
Confidence Interval:[0.17,0.34]

#o] 6. B34 (Extensibility)
Extensibility(c)= AZHEQ] Q- ClE|H|o]A2] H4
EE 7k &4 7hsst mAEE9] HlES ongith

R.(0)

R©) (R(c)>0)
Extensibility(c)=

0 (otherwise)

where,

R (c) :number of extensible methods of Component c's required interface
R(c) :number of methods in Component c's required interface

Confidence Interval:[0.17,0.34]
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Design_1-ClassDiagram package HomeMetworking {2/2}

Visiting RS485

15485  RS4E5 15485
signal - String
mode © String

deviceNams © String
deviceNum - String

controlDevice(deviceType: String)
receivedSignal{signal:String)

sendSignal(signal:String). String
sendStreamigata:byte[])
sendStreamidevice: String, data:byte(]

[O8 1] 2485 A A 1
[Fig. 1] Case 1 of Entrance Notification
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[Table 1] Reusability Measurement of Case 1

ermred
Meta Info No
MNumber of Field 5
MNumber of Writable Properties 3
MNumber of Business Method 5
Mumber of Business Method without retum value 4
Number of Method of Required Interface 0
MNumber of Changeable Method of Required Interface 0
Mumber of Replaceable Method of Required Interface 0
Number of Extensible Method of Required Interface 0
EMI 0 Ve 0
RCC 3/5=0.6 Vace ]
sScCC, 4/5=08 Vecer 1
Changeability 0/0=0 W zhangesbiity 1]
Replaceability 0/0=0 Vrepiacesbiiny 1]
Extensibility 0/0=0 Vestensiviiny 0
COR =1.76 - w—us =084
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Visiting "

DevicePratocollF

package HomeNetworking {3/6}

15485 : RS485

signal : String
mode  String

sendSignal(signal-String): String
sendStream(atarbyte[])
sendStream(device:Stiing, databytel))

~<itertace>
DevicePratocallF

controlDevice(deviceType:String)
received Signal(signal: String)
changeDevice(deviceType: String)

[33 2] &d5R A Al 2
[Fig. 2] Case 2 of Entrance Notification
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[Table 2] Reusability Measurement of Case 2

Factor M:::E;ed

Meta Info No
Number of Field 5
Number of Writable Properties 3
Number of Business Method 5
Number of Business Method without retum value 4
Number of Method of Required Interface 3
Number of Changeable Method of Required Interface 1
Number of Replaceable Method of Required Interface 0
Number of Extensible Method of Required Interface 0

EMI 0 Vew 0
RCC 3i5=0.6 Vree 0
sce, 4/5=0.8 Vacer 1
Changeability 1/3=03 Venangessiny 1
Replaceability 0/3=0 Vreplacestiity 0
Extensibility 0/3=0 Vextensibilty 0
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Design_3-ClessDiagram package HomeNetworking {5/6}
ReusabiltyFramework  ——>{ m

‘ deviceProtocolPor

e
SenicelF

TenceProtocaPart
RSB

execute(variabityName String, param.Object[) Object
ﬂnteNam- Sting g ¥ 9. P bject]])-Obj

deviceNum : Stiing

DeviceProtacallF

g
ReusablelF

controlDevice(devceType String)
recenedSignalisignal Sting)

[ 3] = A= 7]9te] HA A 3
[Fig. 3] Case 3 of Design based on Framework

changeDevice ( adapterTypedeviceType : String)
replaceDevice (adapterType : Sting, deviceType - Sting)
addDevice ( adapterType : Sting, deviceType - String)

e
DeviceProtocolF

ceType:String)
ring)

= A ARl AA AR L DR A AR 2L
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o> T10 O =1 o
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[Table 3] Reusability Measurement of Design based on
Framework
Measured
Factor Value
Meta Info Exists
Number of Field 5
Number of Writable Properties 3
Number of Business Method 5
Number of Business Method without retum value 4
Number of Method of Required Interface 3
Number of Changeable Method of Required Interface 1
Number of Replaceable Method of Required Interface 1
Number of Extensible Method of Required Interface 1
. Measured Measured
Metric Value Vhtetric Value
EMI 1 Vam 1
RCC 3/5=0.6 Vacs 0
SCC, 4/5=0.8 Vscer 1
Changeability 1/3=03 Vehangesbiity 1
Replaceability 1/3=03 W replzcestiiy 1
Extensibility 13=0.3 Vexiensititty 1
1+0+1+1+1+1
COR =1.76 = 7—1.13 =0.34

WAL AFBE7] L8] 87 QIE|H o] A9 T4 Fof
AAE ¢35t = 17]]0] 22 Replaceability= 0.3 ©]H,
AlZ]F7E [0.17, 0.34] AFolof Q1o 2 & VReplaceability+—=
1 o|ch
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Axng ‘ViSiting e EYTEE & ot
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FAol AZE 4 e
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N

o T g

oz 034 |

Desian | Design 2 Desian Using Reusability

(T8 4] dA A= AALg 34 A
[Fig. 4] Reusability Measurement according to Design
Case
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