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Design and Implementation of Source Code Generation for SFC
Graphical Program
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Abstract: To generate source code for SFC graphical program, it presents a source code generation scheme which designs graphical pro-
gramming symbols for Sequential Function Chart (SFC) and defines C code normal form for the symbols and generates real C code final-
ly in this paper. Firstly, the scheme divides sequential function chart pages into three types including task page,execution step page and
functional graph page,and manages all pages hierarchically. Then it designs various graphical symbols to achieve sequential execution and
transfer control of SFC graph. Finally, it generates C code according to the topological structure and control logic of these graphical sym-
bols. This scheme further promotes source code generation approach for dual switch—case SFC graph page by updating the value of status
variables in the first switch structure and executing corresponding control functions in the second switch structure according to the updated
status variables, thus completing status switching and function execution in exactly one operation cycle. It increases execution efficiency of
embedded sequential function programs, which is suitable for sequence control of high real-time embedded systems.

Key words: SFC;dual switch—case;code generating;state switching

0 351 §

I s il Vel s FH 15 S5 B A 0 42+ T i
A RS TIRE 1) B T, B 2 il i P 43
E Ry — RN IR A 850 AT I A
WA, R AT $2 i 1 © 28 78 Tll 4 i) S S
ARSI TR, SCER 1] AR T 3T SIMENS 24
A A0 S7T-200 R AIHLEL, F 48 4 F1 38 25 47 2%
SPGB 1 7 vk, SCER[2] 4 T PLC (1) SFC
FER RN RSB, SCHR 3 ] HE T B g A
Dk A Sk T R B 1k 1T s S I

I #s B #A:2015-06-08 &= BH1:2015-09-14
E£WAH . H%K 863" mI AL RITRIT H (2015AA050101)

HTIRE . SCHR[4 ] e 107 HLAE F 4 4 25 e B A
BRSO, LB T IR &R F 31
SCHK[S ] FE T IEC 61850 A ik X I 42 il Ay icf R R 2
AR LS AT B BT T 2 1 T Re As oL 1Y
ARSI AR | 38 FH 5 68 A8 o 3l 007 45 ), Sk
[6-9 /48 T Fthil (R4 2 G 1 n] P 1k 2 R B (R 5 1 3
&, KRBT S 7 ke 5 Uihe

A SCHR I A e A P T A I s i L 3 e A
EARBAT T R AR BB AR SO T BT
C W 5 T R 45 31 25 4 1 DR AR A5 5 B, IR 42 T WL

[ 2& H kiR B 18] :2016-02-18

&R THEMR(1988-) , 5 Wi, TRE0H , BF 5 1wl hy m Ak g A2 40
[ & H AR bk - hitp : //www. enki. net/kems/ detail/61. 1450. TP. 20160218. 1630. 030. html



- 150 - HEMBARS R R

06 &

switch—case 4% 4] fi4 I 7 42 il Pl AR A ol Ty 28, W] AE —
A JEHI N 5E R ZS DI AN B VR SR AT, 3 - S s 4 ol
2

1 e 2 o B R B A AR SR

42 okl g S B A  1 BT 7R o ARG Y A
A AR Fetfe S SRRl ROR S e e, 2
JETRAT A SC B A, I HUORE et sl s 4 4% 3 45 A
(5 S

|— ————— —_—

e WEHL ][ B J_4|> e

SR B4 i | i
| R s m |

B 1 RAIEH AR

(1) A (Event) . 7EI A F1 25 8] b 5 A — & 1907
B FE ST RS T RSP —FeR
BYMHRH] ) —FeR 24, 385 15 oAb 4 b AR B R A
Ak

(2)IRZS ( State ) « S %t G A HAE A Al I v g — b
ARIL, Ab T FA 5 TR A Hp B G2 25T JEAH DG 5 A, R
FT RS B E Bl A T B i

(3) %% 4 ( Transition ) ; & P AR Z 18] ) —Ff 3¢
FROGHAEIRTS 1 P AT —E B SAE , FR A 2
AR T HEARE 2,

(4) SIYE (Action) - FEARAHLAT LLERAT — L J5 45
Y EMF i B P R s AT — A AT 20 R

2 JIFrr = E T

SCrf R 2 ol PR X 0 9 AR FH PR A7 3
JUAF I T 1 () % 2 B B AR, B LG — A E
SORU R HEAT Ak BR 4 35 1 R B, Ak B 58 i o A% 128
S HATTAE R i AR . AL h/e SO,
5 h SO E SCRAR S H A AR AL B i A
SRR IME O TR o SO P SORSCE R, L35 1
e PR A0 B 1 R K D BE B R B DT THT PR R AT 5 R

I 7 ] P TTA < T a8 it S AN I 42 il 2
AE LIRS BT RE A TT A, SR = 1 fi e HAR S Y
et JERATARNL B A P P oo PR B A i th
SRR H T AT 45 i o i AT 28 i
G 47 ) P T B A AL IR 20 A

(1) =R B e i, AR AR 228 4 19 >4 i
AT AR AT BT DI fE 5

(2) DR e 2 1 ) DU, 3 5 S5 3 T e A T 458
il DU A S B

3 IRFFEHIE T

T -4 ) P T 28 280 A DI AT 428 ) D TG BUA T
U HRER T O . H SRR

(1) MR BRA 42 o) T < P 38 4 ) ok
AT TUTAT (AT SR B0 o R BT 4 o O T
S RAT A5 R B B 0 T I 3 2 0 2R S IR 45 J e 9
HL

(2) ST 45 BT AT 45 00 1T A% 2 4007 25 B BT
IS | AR A A48 2% T T £ 30 i et 2 B — 1
e, HEIRE F AT 45 R BOI T, BIAT 25 0T 1T 3 1R 4%
R RETR 2 3 5 B B T fE, BN R T
{8k,

(3) THRE T 00 - 26— A2 AL B B oh T
oA T I RE I T A 1 B f 7 D il el i o
B A R S 3 PR B B A Y SR A AT 45 TR
o AT A A T S R L 2, T LLE
DIRE VR T I HEFT 43 % , 9K 76 BT 25 00 1 3 5 0
T i A ) 7R 2 BN K T D T 4 A
HIBIPAT A T

4 RIS A S it

FHF G542 4 0 BOE AR5 R IR R 5 P AT 25
o TG R e IF Bt B IF_ELSE #t 3 IF_ELSE
He W IF_ELSE #t SWITCH_CASE ¥t [K2 & fh44
SHEIEALIEZS  Hih SWITCH_CASE AR 45 43 37 %k

BN L X TN

page _name

()2 4R A5 B (b)BAT 2B B ()T E R
I
(IF P (e)BAIF_ELSEHR (HSWITCH_CASEH

(2)WIF_ELSE#
B2 RAEIER AT R

BT IREBTHNT .

(1) LGRS P AU PAAT 1) v b S aR 4
SHMT AL REHAL 5 %A B AE T
TS R WAL 0

(2) PAT P AR — DT A DU, X B — AR
A&, mi T AR AR N 1 B B B Bt v . St BB
RRBATIZIAT 5L Y T REsREL, TTIF I ZEF E L



3

T FEHRAE I o P DA RS 17 S8 it S B - 151 -

3 SECComp , WIFRAT 2L B 7 ) R EE 300
void runPagelndex ( SFCComp * pcp)
(3) AR B o ilgs E—RES, BBk
BN IR E, AT A
pcp—>sta=new_stat;;
(4)TF He AR 4 5o A~ 728 B (E Ok Tk 2 15 6 78 e
R BIME—AIRAS o FIWTAS 5 v LU FE P ou i vh iy
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if(pcp—>var) | pcp—>state =stax ; |
(5) . IF_ELSE B R4 ] W7 A% ik 1) (i DR 5 1A 7
WE 55433, L IF_ELSE X R A9 GRS Sy .
if(pcp—>var) { pcp—>state = stax ; }
else | pcp—>state =stay ; |
(6) X IF_ELSE . A =M th L, 75 248 & M4
ZEHITAE L, SCRFAE BLSE 4y % A5 F IF_ELSE 4%
o HA A
if(pcp—>var, )
| pcp—>state =stax ; |
else |
if(pcp—>var, )
| pcp—>state =stay, ; |
else
| pcp—>state =stay, ; |

|
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SR, PR I3 S B, FLRDE T AR 73 S 83
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switch( pcp—>var)

{

case value_0;pcp—>state =stax; break;

case value_l ; p—>state =stay ; break;

default ; break;
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switch( pcp—>state)  //transfer the state
{

case 0;

i ( pcp—>var, )

{ pcp—>state =1 }
else

{ pcp—>state=2; |
break ;

case 1:

f( pcp—>var, )

| pcp—>state=2; }
break ;

case 2

if pcp—>var,)

{ pcp—>state=13 |
break ;

default
pep—>state=0;
break ;

|
)

switch( pcp—>state)  //action

%

case 0:break;

case 1 ;runPagel (pcp) ; break;
case 2 ;runPage2 (pcp) ; break ;
default ; break ;
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25 1 A switch_case 25 1) CEEA EARTS N
for(int i=1;i<=stateNum;i++) {
m_txt+="case" +QString: : number (i) ;
CSFCRunBlock * prb=searchStepRunBlock (i) ;
bool bHasSameNextSybl =false ;
for(int j=i+1;j<=stateNum;j++) {
CSFCRunBlock * ptmp =searchStepRunBlock (j) ;
if(prb && ptmp) {
if (prb—>m_nextSybl = = ptmp—>m_nextSybl ) |
bHasSameNextSybl =true;
break ;

fH
if(bHasSameNextSybl) { m_txt+="":\n" ; |
else

%

m_txt+="; \n{\n";
QString str;

if (prb) makeSfeBlockCode ( str,rh—>m_nextSybl ) ;
m_txt+=str+" | \nbreak; \n\n" ;
H

%6 A switch_case Z5 1SS B EEARAS N
for(i=1;i<=stateNum;i++) |

QList<CSFCRunBlock # > list;

m_txt+="case" +QString: : number (i) ;
m_txt+=":\n";

searchStepRunBlockList ( list, 1) ;
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foreach ( CSFCRunBlock * prb, list)

%

QString fname ; getPageDocFuncName (fname,prb) ;
QString refName = prb—>getRefPageName( ) ;

CPage * pdoc =pcp—>searchPage (refName ) ;

if(pdoc) m_txt+={name;

|

m_txt+="break ; \n\n" ;

i

7 HERIE

ORI — R T C IR F RS S r R
S5 BG4 ] L ] A AR T 0 o IR 43 S U
S RE T PAT A T P BE P 7 T e )2 R A
EHTOCAR Y Bt 7T A A ] 3T DL
X switch—case [ ACRGEE 24 2y 1 00 42 i 16 i im A 7
HE e S B e i) G2 ot S IREL T (N = Rk RS
PP B AT TV W T i S A R A M
PPl ok .

DL

(1] ET#, 5% ¥ PLC IR FEH M gmfe Ty ik i )], 4l
L —{4&1k,2011(4) :102-104

[2] FFAERI, &G, BE 5. PLC 1Y SFC RI7E 4 5 I 42 il o
TEE R BRI A I]. 307 TR AR K24 A RRHER,
2006 ,25 :234-236.

[3] AF3C & B N gm e )y A PLC G2 R R AL T]. R
1£3),2014,44(1) :85-87.

(L#% 148 )

1. ].IEEE,2007 ;. 120-125.

[6] Dong N,Nguyen T,Xue Y. Multimedia wireless transmission
with network coding [ C ]//Packet video 2007. Lausanne,
Switzerland : IEEE ,2007 :326-335.

[7] Seferoglu H, Markopoulou A. Video—aware opportunistic net-
work coding over wireless networks[ J]. IEEE Journal on Se-
lected Areas in Communications,2009,27(5) ;713-728.

[8] Seferoglu H,Markopoulou A. Opportunistic network coding for
video streaming over wireless [ C ]//Packet video 2007. Lau-
sanne, Switzerland ; IEEE ;2007 : 191 -200.

[9] Sundararajan J K,Sadeghi P,Médard M. A feedback—based a-
daptive broadcast coding scheme for reducing in—order deliv-
ery delay[ C]//Proc of IEEE workshop on network coding,
theory and application. Lausanne ; IEEE ;2009 :1-6.

[10] Ho T, Medard M, Koetter R, et al. A random linear network
coding approach to multicast[ J]. IEEE Transactions on Infor-
mation Theory,2006,52(10) :4413-4430.

[11] Sadeghi P,Shams R, Traskov D. An optimal adaptive network

(4]

(5]

[13]

[14]

(12]

[13]

[14]

[15]

[16]

o HET EANRRS AR R[] L
ZBENH 2014 ,23(6) :42-47.

PR, i R SR S RE AL R il T A D e A
YAk it (1] RS A 81K ,2012,36(17) :67-71.
Xveds RER DR, F. B — R R T AL
AR AR 5[ 1], Dok fEdli 54,2014 ,27(10) ;
82-84.

IR IR, RN, A DR 5 D4R A eE T A
FERBOTH ST ] )RS A 31K,2005,29 (4) ;58
-61.

HRRKAE, FEZTH, 5 8. AT SR R AE SO op B S B
[J]. ZkH1 28,2008 ,36(3) :1-4.

oo, BT AERSE, A B PLC BRI T Re AR B
M A S BIT 2 )], 1 RS A 311K,2010,34(23)
115-118.

LA BRER X TE 4, 5. — R T 2y a0 ) 404k 52
B 7. CN,201210036915.9[ P].2012-07-25.

Kernighan B K, Ritchie D M. The C programming language
[ M]. Beijing: China Machine Press,2006.

Aho A V,Lam M S,Sethi R, et al. Compilers: principles , tech-
niques ,and tools[ M]. 2nd ed. Beijing: China Machine Press,
1986.

Lewis R W. Programming industrial control systems using IEC
1131-3[ D]. London: The Institution of Electrical Engineers,
1995.

Hoppe G. Software motion control with IEC61131 -3 motion
profile interface the system independent set of function blocks
[ C]//Proc of TECH/EXPO technology update conference.
[s.1. ]:[s.n. ]1,2001.463-472.

S S U S U SO
coding scheme for minimizing decoding delay in broadcast era-
sure channels[ J]. EURASIP Journal on Wireless Communica-
tions & Networking,2010,2010:50-50.

Wang C C. On the capacity of 1-to—K broadcast packet era-
sure channels with channel output feedback[ J]. IEEE Trans-
actions on Information Theory,2010,58(2) :1347-1354.
Sorour S, Valaee S. Coding opportunity densification strategies
for instantly decodable network coding[ J]. IEEE Transactions
on Communications,2013,61 :5077-5089.

Harris J M, Hirst J L, Mossinghoff M J. Combinatorics and
graph theory [ M ]//Undergraduate texts in mathematics. Ber-
lin; Springer,2008.

Yu M, Sadeghi P, Aboutorab N. On the throughput and deco-
ding delay performance of instantly decodable network coding
[J]. IEEE/ACM Trans on Networking,2013,67:1309-1310.
Bron C, Kerbosch J. Algorithm 457 ; finding all cliques of an
undirected graph [ J]. Communication of the ACM, 1973, 16
(9) :575-5717.



