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Abstract Refactoring is an engineering technique for securing the quality of existing legacy code, improving the
internal structure without changing the functionality of the software. Along with the reuse of open source software,
reuse of source code through programming language conversion is increasingly required due to technical or market
requirements. In this situation, the refactoring technique including language conversion as well as energy efficiency
is considered to be an important means for improving the productivity and the quality of embedded software
development. This paper proposes a code refactoring technique that converts the grammar and structure of a
programming language into those of a different language through comparison and mapping, in addition to the
existing energy efficient refactoring technique. The use of the proposed refactoring technique can expect to improve
the competitiveness of the product through rapid software development and quality improvement by coping with the
environment change of the software development language and enhancing the reuse of the existing code.
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Table 2. Ranking of most used programming language

Mar 2018 Mar 2017 Language Ratings
1 1 Java 14.94%
2 2 C 12.76%
3 3 C++ 6.45%
4 5 Python 587%
5 4 Ctt 5.07%
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Original Source Code

‘ Save Code ‘ Refactoring Source Code Save Code

1 #include<stdio.h>

2 #define ADD(x, y) 2"x+y
m ADD(int , int y) 3
4 int maing)
return 2%x+y, Cl

K I‘#‘mzluziécst.dlofm

6 inta=lb=2¢
7 ¢ = ADD(@a,b),
int main( 8 return 0;
9}
int a=1,b=2, ¢, 0
11 ¢=ADD@ab);
12 return O;
13}
14

Conversion| | Halstead oK

Fig. 1. Screen of newly added function Conversion
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7 Code Conversion = u} X
Original Code (C) Ref: ing Code ( C++)

finclude "Cat.h"

Cat::Cat() {
name[20] = "Kitty";
s t age = 3; }
static char kind[30] =" void Cat::cat_eat(char food[l) {
cout << name << "
void cat_eat(char food[]) { return;

printf (" }

return;
} void Cat::cat_cry() {
cout << name << "
void cat_cry() { return;

printf(" ying... \"M )

return;
} void Cat::cat 1nfoxmat10n() {
cout << " mog
void cat mforma:mn() { return;

pnntf( ’ }

return;

OK

Fig. 2. An example of language converted refactoring
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Fig. 4. Objects mapping in conversion model
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EgdJo} F=(IoT 7]¥He] 7] 2 d5A4 Ali
3 Ak 472 ekl WA, Ao
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Paradigm IndexE Qlstt) Ak <1

A& FEE CAARE 75 7] Wil Paradigm
Index gko] -loJth. HEE dh= Aol7k C++ lojo]7]
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F2837XS LCDDriver.h
FatFs [ LED.c
Log [ LED.h
Scheduler B maiTs2.c
SensorDriver M41T82.h

Subboard [ main.c

TemperatureCTL [ CvenDuct.c

util [A OvenDucth
[ 2PosModule.c [ PDDController.c
2PosModule.h PDDController.h
[ AD7712.c [ SerialPort.c
B AD7712.h [ SerialPort.h
[ subboardManegement.c
subboardManegement. h
SystemCommeon.h
[ SystemCTL.c
[ SystemCTLh

AD7T734.h

[[] ADCProcessing_c

[[] ADCProcessing_h

[ Communication.c
Communication.h

=1 delay.c

delay.h

[E1 Duct2POSTest.c
Duct2POSTest.h

[ EventListener.c
EventListener.h

[ FileDataManegement.c
[ FileDataManegement.h
B i2c.c

ize.h

[&1 LCDDriver.c

Fig. 8. Source files in embedded software project
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#include =stdioc.h>

#include <string. h>

#include "SerialPort.h"

#include "LCDDriwver . k"

#include "SwstemCommon b

#include "communication.h"

#include "ADTT34.h"

#include "./TemperatureCTL/Templperation. h"

#include "OvenDuct.h"

r m9 il

A %
7]

o

"Z2PosModule. h "
" A TemperatureCTL/HeaterCTL .k ™

#include
#include

"Subboardanegement (k"
" A SensorDriver/smbalx. h"

#include
#include

“LED. k"

"PODController.h”
"Duct2P0STest R "
"Subboard/ExtractorCTL . k"
"Subboard/MFCCTL . R "
"SwstemCTL R

"EventlL istener . h"

#include
#include
#include
#include
#include
#include
#include

"iZe. k"
"MATTEZ . h"
"Schedulerfschedule h"

#include
#include
#include

Fig. 9. Included header file in main.c file
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class SystenComng

{

i/ primary defines
#def ine YERSION_INFO 40
#define EOT 0x04
#def ine BOOL nt
#def ine FLADDR

SystenCommon() @ SystemStatus(), ControlModuleDatal) {};

#def ine FALSE 0
#def ine TRUE 1
#def ine MAIN_MODE_STANDBY 0
i // main board defines

v // operation data defines

v /7 systen state defines

private:

pub\\c
/1 nested class |
class SystemStatus
{
public:
BOOL iCurrentOperationiode
long iCurrentPressures(2];
I
} SystemStatus

+ [ nested class 2

i class ControlModuleData
|

+ public:

' BOOL bWai tModuleEnable

H long iWaithoduleEnab leCounter;
}

L f‘,“;/..
} ControlModuleData

Fig. 10. An intermediate process result code
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private ®HEL 012 get(), set() = WHEE
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Fig. 11—(b). Final SystemCommon class part 2

stenCommon

7/ primary defines

ne VERSION_ INFO 40
ne EOT 0x04
int

unsigned long
0

LE 1
MAIN_MODE_STANDBY o
board defines

77 cperation data defines

system state defines

private
i SystenCommon() : SystemStatus(), ControlModuleata() {1

public
/7 nested class 1

1{

friend class SystemCommon:
orivate:

BOOL iCurrentOperationtode;
long iCurrentPressures[2]:
" mm))\»:"

inline void setiCurrentOperationMode(BOOL _iCur rentOperat iontods)

iCurrentOperationtode = _iCurrentOperat iontode;

inline void addiCurrentPressureClong iCurrentPressure)
1

int index;
if Cindex = std::find(std::begin(iCurrentPre ). stdiiend(
. iCurrentPressure) == std::end(iCurrentPressures))
{
iCurrentPressureslinde:] = iCurrentPressure;
}
return;
¥
inline void removelCurrentPressure(long iCurrentPressure)
«
int index;

. iCurrentPressure) == std:iend(iCurrentPressures))
1
iCurrentPressures(index] = 0;
i
return;
¥
Public
inline BOOL aet ICurrentOperat ionMode()
1

return iCurrentOperationbode:
inline const longs getiCurrentPressures ()

return iCurrentPressures;
3

} SystemStatus;

// nested class 2

i class trolModulel

{

friend class SystenConmon
private!
BOOL bWaitModuleEnable;
long iWaitModuleEnableCounter:
// variables

public
=h inline void setBiaitModuleEnable(BOOL _biaitModuleEnable)
{

bWaitModuleEnable = _bllaitModuleEnable;
¥
inline BOOL getBWaitModuleEnable()
{

return bifaitModul eEnable:

inline void set|WaitModuleEnableCounter(long _iWaitMody leEnal
iWaitModuleEnab leCounter = _ilaitModu leEnableCounter;

inline long getIWaitModu |eEnableCounter ()

return iWaitModul eEnableCounter;
T
} ControlModuleData;

= inline static SvstemCommond get Instance()

od

|| static SvstenCommon instance;
| return instance;

protected

=1 inline void setICurrentOperat ionMode (B00L _iCurrentlperat ionMods)

SystemStatus.set|CurrentOperationMode(_ iCurrentlperat ionMode) ;

inline void addICurrentPressure(lons (CurrentPressure)

SystemStatus.add|CurrentPressure(iCurrentPressure) ;

inline void removelCurrentPressure(long iCurrentPressure)

SystemStatus. remove |CurrentPressure(iCurrentPressure) ;

ssures)

if (index = std::find(std::beain(iCurrentPressures). std::end(iCurrentPressures)

224 Sstatic class Main @ public SvstenCommon{
225 private:
226 1 SystenCommon systemCommon = SystenCommon ! iget Instance();
227 o/ object variables
228 Dot
22 |
230 public:
231 <1 woid initial izeSystenParameters ()
232 o
i ©1int iCount = 0;
234 11 setlCurrentOperationMode (MA|N_MODE_STANDBY) ;
235 -0+ for (iCount =0; iCount < 25 iCount++) {
238 : 11 addiCurrentPressure(-50000);
ar [
238 ' 1 // SystenCommon variables initialization
239 Y LY
240 Pl
241 -t wvoid LCD Display()
242 Co
243 3 v /7 LCD control
244 Lo}
245 S wvold initializedSystem()
245 P
247 i o/ initialize system
248 Co)
249 J1 void initial izeTimer0()
250 o
251 ©o4 //initialize timer
me |7
253 -, BOOL checkGCMainStatusChange()
254 :
255 i1 /7 check status change
258 Pl
257 Iy
Fig. 12. Final Main class
Seralport LCDDriver Communication
/ Scheduler
Main SystemCommon /
4{> \ LED
\ SystemCTL

Fig. 13. A class diagram for SystemCommon

Table 4. Energy Efficiency for Code Refactoring

Techniques

Consumption(uJ)
Refactoring Techniques Origin Refactor l;f;zt
Inline Method 44.059 43.980 0.079
Inline Temp 43.599 43.394 0.205
Encapsulate Field 53.970 53.128 0.842
Encapsulate Collection 90.200 84.104 6.096
Change Reference to Value 55.372 53.685 1.687
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