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A stepwise refinement method by applying Refactoring in system
level design
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Abstract Programmers can use the Hardware-Software Co-Designing, in which they design a hardware system
and software system simultaneously and then unify them, to design an embedded system. This study analyzes
the problems of designing an embedded system and suggests applying the system-level design technique, which
uses SpecC technology, as a solution to the problems. Also, it suggests systematic and concrete stepwise
refinement by applying Refactoring technology in software engineering as a way to make the use of system-level
stepwise refinement.
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1:void display (int t) { 1-void display (int £){
int i; 2: printHeader():

printHeader(): 3: multiDisp(t)
for (i=0u<ti1++){ HHC=E = 4}

System.out.print(1); 5:void multaDisp(int ) {
¥ ity

for(i=0:1<t1++) {

oUW

System.out.print(1);
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[Fig. 3] Example of Extract Method



S| astsle A 4128 A6T, 2011

of AuE 9Igt WAL ket Uk

<I>olg: HAE F&

G5 4 oz gl
HE dAseRY TAS AT S 9IS
ool AL + A eveels
(override) == 3}7] 4]7] wjFolch

4>t

O 2L Hass 28] mase] oo gheof

sl

@ FFHe F=E 4 vaEoA Aze F5T

®

i)Y
hul
rr
o]
In
O{N

= 2
ol ojE 222 ww.

@ FEwE AR 9] W4T AR glche
248 Qobuich. agthy, 1AS 253 vlase
QA B gofatet

® F#2HE 257} 0 A W MRS WHSHEA
sholatch wARE WaTt 1febY, 229 s
£ go vaszA HFe) ks BeE v
ohglaie

® FEsHs PHlo] ol 24 W9l WSS 253 1)

dhat BE chAach

® Amalstn s s

<s> o 219 310 vehelc.

AUk oz ) Mass 7bEAe] Wi mEAo] b
A$7} gk olefst MAEE AAg W fH A
S aAA A B8-S k87 Yelo] He. of

25t w4 A AR FES 2EFORH U
21 WA} HolAn A5 Aol Sy E5 Al 7}
He MAEL T2 HoR tha Abge] Zhs st 2
WA 02 HEH, BE WAL f4 B4l BT 5
Aol A BEAE golict,

2.4 CtE 7o 7|

2 Ago|gt S5folut tmelsto] A AR 7Y
o thalA] Fafolut elste] WE FAL gstel A
She mE R&SHE ZIMoltHIoL o] ZIHe ot
wese] WS AT onE Weke] KNS o
S mgich et ZjRa o2 A Brbsstne
AEES G 4 gtk meo] ol2A S4] BY HE W

olge] aex ml, A7k 2] Fo ik
B Aol g A A wAHe AEE
Qatsr] 91 e 1He gt T olfs
cht 2o A ARl AAsks 4 Aol H5E B
a7t Qie wepd mY wake A Brbsstel SRE
] Al E5 ALY il AAE o she
A2Re] Rt kAo 2715k 917) w2l 2§
o Alad FEot 2 o] uigksith mebd At
of At 2O WekE FuEyE Aelsich
B AoAE Axg A dAle) aAd AAeh 3
oA ApHIBke] AFE 9 Bafo] WsHA] PuF

Bego] A4 714 A shick

m

3. 2[HEEo| 2Het THAHE Mzt

!

gl

e
o

2 AlAE e Al A R A,
4, T+ FOoRRE o|FoXirt. ulEha] ZHzte] A
o= 2T Axlol| whet AJAg 7S At
2y dRje] Al g Ao e Aol UEL
Wi gl gl MEY 9lon, of F2h& {X|3k=
Aol FAHRI AlE YA gethe #A JS
ZHA I Qlet mhEba] 2 =EollAe Z2afe] o F
2g FABEA 2] AYAEA, 7HEA, 54 T
2 gol4y E%%ﬁﬂﬂ%ﬂﬁﬂﬁéﬁizwqu
T25 Adshe BHEY 7eS gt ALY g
W A o] GAAR] AAEHE 4 @éq

SpecC A7 WollA] & =59 A7 W= 19 49
Zrth &, UMLo|| oJgt A3 859 tho]o] 138 A|AH]
gl 9102l SpecCS ©|-83F SpecCAY) mdlZ HE}s5)
= Aotk EaF LAH oz FWET 7]&S o]L3lo]
A-Aehe e 1Y 59F Lok &, UMLTo|o] 13y
o 2HE AgrI53F SpecCAYF mEle H3lsl= 1A
2 o5t Pk

4] 1] SpecC Affo =] W

SpecC ARFE UMLO| Zef2sctoloj gzt A|zct
o]o]131S: SpecColl 4 AFEHE QlElTlo] w7
A2 AR QR AR A T2 e Abogol
, Ao jgeta, e 5
o BEEE AAEL el Az TRt o]

2l Whs Aoz st

sk, o7l el 3 4] R4st WEg
A3kl Theol A%E ATAL HA & 4 ek

whed] of Ajef ol Aa FHst Welw Wakec.
7 Ak a9 et wrk

O_u II?{_,

4l 3
;l_]_
o}

2842



Mg i AAA SR EYS 283 dAA AJAIS

UML

AIAE] Afet

N
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Spec

AIAE Afef

ol

90

<AL

O LI LD D TR - = ) A T L L L L L L L

=]

&
90
f >
=
n
0
o
&0
= g
0
z =
-
[ad

HA
£

I

[ 4] SpecC A 71| At 7o) $1%

[Fig. 4] SpecC position of the proposed method of design techniques

nd

Ul
<<
=

variable Z

D AMM
-

¥
(m7)

/

ki

o
_u
RMX <k
o = &l

1

N
2 - 2l
<
=._._om _._.:on\.M.m _._._._om
ToJiof) Toho]) _u_WH__.._
O_m ol_m - _._._._ol
sar | |=S o
o | |= K| | e
i -Jlo| | Hilujo =y | | o
L R et el [
2=l | LIS | i O
Syl | X0 | doum | | oo
=) Wl | 27T | | 7%
* * * * * ¥ X * *
I I/_. . D~y .
N VNI
= [She __ < ol 20
LIl = =i\ |2 | RAe®
Wz bl 25 Leglisi
a 3 E wz(o 1P ==y
> oy Y —
o o 12 =i
- Z L & 1Ty f_ W )
v

e

A28)

ks

[22! 6] SpecCo] 2]

A=

ks

(33 5] Aeke o o

[Fig. 6] Recorded by the system in SpecC

[Fig. 5] The details of the proposed method

2843



S| astsle A 4128 A6T, 2011

o] el TAH AAe chet gk

D Fe2 olgT $UU o2 B2 A2 Yo
o},

@ Ao Sl main HAES F7IRITh

AEH o5 MEA et

T8 HAES B o]0 At

M=z Aofrt szl MEA Aot dEFolAE

Tzt

©® <leFo]2e HAES St F715t)

™ 28 o]—“ 2_4 5;(1— IE E.ioﬂ 5]_1: =
2ol Ftdsh= QlEHolA P49 Qs 7t

© 6 e

& ofn

&

rr

®

4 MAES BEHE oS Lfs)
K=ol F7batet,
whe} pabet Aaks 19 7

7kt Q%
20| 4}
Aol

EEEER

)
myt

=

Y
(1)

(m6)

X
>

m4

~

variable

N

CJ=xn D UM
—> HME 35 O diMs
g M4 Ha

[O8 7] ALF5Stel 93t A~ 715
[Fig. 7] Regroup by defining processings system records

(24 21 188 AF

o Bl A A5 male] obd the 18] W
o uet BAL AIFHA 15 Folet o)
offl 7152 Sasta i Qo] WAL o)) BE
° FAT TS IFASAL QU BAL TR
Aoleh. £ i RoA HAE o], "HE o], "wA

RN

£ Qleklr, "ol B upL]Y, HAE SEw e elag
o A AU 1 Aus 1Y s gk

1:interface YIF{void w7 (};};
2:interface ZIF{void m3(); void m6();};
3:behavior Z() implements ZIF{

4: int variable;

5: void md(int a){variable=a;}

6: int m5(){return variable;}

7: void p3(){int a; /*...%/ wa(20); a=w6(); /*...#/}
8: void m8(){/*...4/ ma(10); /*...%/}

9: void mainO{/*...#/}

10:};

11:behavier Y(ZIF z) implements YIF{

12: void nBO{/*... %/}

13: wvoid n7O{/*...#/ z.m8(); wBO); /+...4/}

14: void main()}{/#...#/}

16:};

16:behavior X(YIF y, ZIF z){

170 void niO{/*...%/ y.w7(); /*...%/}

18: void n20{/*...#/ z.m3(); z.w6(); /*...%/}

19: void main(){/*...#/}

20:};

[ 8] SpecCell oJ3t AlAH] 7|8 IE
[Fig. 81 SpecC code written by the system
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[Fig. 10] Replace the method call dependence
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1:interface SlaveIF{ / /behavior-interfaca

2: int getArea(int height, int width);

EBH

4:behavior Slave() implements SlaveIF{

int getArea(int height, int width){
return height * width;

}

void main(void){}

//behavior-methed

10:behavior Master() {

41: int height = 3, width = 6, area = 0;

12: Slave slave();

13: void main(veid){

14:  area = slave.getirea(height, width); // behavior-method call

16:};
[38 11] A= 5&9] 4
[Fig. 11] Examples of the method call
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channel Ch(){
int data;
void write(int a){data=a;}
int read(){return data;}

}
behavior Z(Ch chi, Ch ch2){
int variable;
void m4(){variable=chi.read();}
void m5(){ch2.write(variable);}
10:  veoid mainO){/%...%/}
11:};
ibehavier Y(Ch ch){
void w8 {/*...+/}
void m6(){/*. .. %/ ch.write(10); /*
void w7 O){/*...%/ m&(); mE); /»..
vold m1O{/*...%/ m7(); /¥...#/}
void mainO{/*. . ./}

1:
2:
3:
4:
5:
6
7:
8:
9:

—w/}
#/}

B4

19:behavior X(Ch chi, Ch ch2){

20: void m3(){int a; /*...*/ ch2.write(20); a=chi.read(); /+...%/}
21: void m6(){/#%...#/ ch2.write(10); /#... %/}

22: wvoid m20){/*...#/ n30); mEO); /*...+/}

23: void mainO{/*...#/}

24:1;

(32 12] Ado] F7bel A2w 7% 3:

[Fig. 12] System records code added Channel

1:#define INVALID -99999
2:interface GetArealIF{
3: veld reqSend(int height, int width);
void regRecv(int sheight, int *width);
void ackSend (int area);
void ackRecv(int *area);};
channel GetArsaCh() implements GetArealF{
int height=INVALID, width=INVALID, area=INVALID;
event reql, req2, acki, ack2;
bool lock=false; event release;
void reqSend(int argl, int arg2){
while(lock){wait(releasa);} lock=true;

4
5
6
7:
8
9

void reqRecv(int *argi, int *arg2){
while(height == INVALID){wait(reqi);}
(#argi)<height; (varg2)=width;

17 notify(req2); height=INVALID; width=INVALID;}
18: void ackSend(int arg){

19 area=arg; notify(acki); wait(ack2);}

20: void ackRecv(int »arg){

21 while(area==INVALID) {wait (acki);}

22: (*arg)=area; notify(ack2); area=INVALID;

23:  lock-false; motify(release);}};

24:behavicr Slave(GetArealF getAreaCh){

26: int getArea(int height, int width){return height
26: void main(veid){

27 int height = 0, width = 0, area = 0;

28:  getAreaCh.reqRecv(gheight, &width);

29 area = getArealheight, width);

30 getAreaCh.ackSend(area);}};

31:behavior Master(GetArealF getATeach) {

32: int height=3, width=5, area=0;

33: void main(void){

34:  getAreaCh.reqSend(height, width);

36: getAreaCh.ackRecv(karea);}};

height=argl; width=arg2; notify(reqi); wait(req2);}

/#channal-interface

// for concurrent access control|
/#channal-nathod
/# for concurrent access contrel

/#channel-nethod

//channel-nethod

/#channal-nathod

//for concurrent access comtrol
* width;}
//Teceive argument

/#original processing
/#send result

//send argument
//receive result

[33 13] 2E HA|A9 o
[Fig. 13] Examples of port access
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woid sckSend(int area);
woid sckRecu(ing *area);
W
channel GetfreaCh() implemerits Ge
woid reqSend{int height, ink wict){. .}
woid reqReculint “height, mit “width}.. }
woid sckSend(int area){..}
woid ackRecu(ing *arealy. .}
b
behénviar SiavelGet ArealF getareaChif
JIEHAS 7 | S height, widlth, arss)
waid main{vaid){
getiresCh.reqRecvBheight, Bwidth);
SHZAY| AL (area = height * widdh)
getires’h sccSend(area);

interfaoe SlavelF{
ink getdsea(int height, ink width);

¥
behavicr Slave) implements StavelF]
ink getires(int height, ink width){
returm height * width;

weid main{vaid){ =7
¥

behavics Master{ i
B2 7 |3 height, widkh, ars
Ja’ e stave| |
weid rmaindwaid){
ares = slave. gethreal beight, width]

¥
behaviar Master(GetArealF getAreaCh)
Htﬂ/\x7|21- height, width, area)
fo AR,
getiresCh regSand{height, width);
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3
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[Fig. 14] New refactoring code changes
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