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Abstract: Model-driven development is widely used in embedded software development because it has a low error rate while it is
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« FEETH: [FK A RFIEHE$(62022046, U1911401, 61802223); FHL L= T A 11 %I(2019YFB1706200); #4154 ml {5 5
T H (20192000794)
Foundation item: National Natural Science Foundation of China (62022046, U1911401, 61802223); National Key Research and
Development Project (2019YFB1706200); Huawei-Tsinghua Trustworthy Research Project (20192000794)
R IS ] : 0000-00-00; 42 B 7] 0000-00-00; K A B[] 0000-00-00; jos 7E £k H A I [A]: 0000-00-00
CNKI 7£ £kt BRI 8] 0000-00-00



2 Journal of Software ¥ A+54R

tools. Nonetheless, the code generation ability of various tools for data flow model is uneven, especially for the branching actors. It is
well known that current mainstream modeling tools adopt various ways to avoid complex branch modeling and the generation of its
corresponding code. However, branch modeling is very important, and it makes the data transfer logic of the data flow more clearly by
using branch actors. In order to solve the problem of code generation caused by complex branch modeling, this paper proposed a code
generation method based on branch schedule marking for data flow model aimed at complex branch combinations. As for the algorithm
proposed in this paper, firstly, the scheduling order of the model was determined by topological sorting. Secondly, a code generation
location table based on control flow was constructed according to the branch marks which marked by the influence of different
branches. Finally, code generation of various mainstream languages could be carried out in terms of the code generation location table.
By constructing four instances of data flow models with complex branches for code generation and comparing them with Simulink and
Ptolemy in terms of lines of code generation and elapsed time, this paper further illustrates the universality of our code generation
methods in complex branch combinations and the value and significance of this work.

Key words: model-driven development; data flow; code generation; branch; embedded system

BEA IR ) T R AE RN R R RSB 2, & RE RIS A5 A 25 5 1 B R0 361 5 s U150,
FE A B A B R A S e T B SRR . FEBR AT A R, AR R RS U AT, R AR\
AR, BT 515 2000 25 FL o f o oty TURUAE B IR TR 286 1A) J5 SR PR . Blannisk dpk, B 2ered
AR BB N B 1 3R A5 D0 BORR Ve B A i N A R ORI s ek 2, A S T 2R R A R g 1 B 2 RO,
Ol A Y P B S R DRI B AR R A HAERVR SIS, S AR — e R AT, ER—1
BRIV E RO, — i, SEHEMARTTOURER, TR LA R TSRS F i S it 2 i 2 5 10
AR N (5 o ECHE A R R e A R SR AR, TR AR R4

HHE AR R % 1) 3R TR AE Tk FOR R SR 1S BT 0%, W0 Simulink. Ptolemy-II
U], (HAE, XU TSR K AR AL N A R G UE ARG A B ok T ARE KRBk, BT UVR ZEE T
BB 2GR HEAT AR R B, ZAR SRR TR RS A2 B, LA Prolemy-11 kAN SRR HUAR TR AL o 43
AR ARRD A . AR A A IR A AR B RE ) IR KRR BRI TR R, FONE T EIR
LI RN BAAUL A B T B R AT A A B, B A5 S R S R AR AR i ARk A AT T 0 4 5 T AR 115171

BAT5r A EBE T T A ZEAR FUE L PR @A T A . Simulink #1 Ptolemy-1I. ZiA#&, AKX
eI T X T BER 0 LA . (E Simulink /1, A LUEE If T &R S8 Switch Case T %
GRS RKIE, BMERE T RSEAE S LH AL HEBEERRNT RGEHMET, XENT RS
WET—MEAEHEMt. XFE—K, —HHAET RS SRR ZEMEER; 5— S RIMFERE
MR, SMFEEHREZZEN TR T, XX FEBOR R S EB, RERANN TH,
FITF RN LR 2 5 E B R R IR AR R S S BB T . 7E Ptolemy-11 H1, @A) 23X
ROy AT, HIEQRT AR B0, B SRR RS A AR A B, 534k, KT Prolemy-Il
AR A= B RS 0 A5 0 A T B B AR Y ) AR A A B, B B B A AR AL 25 2R RS, AR
A AR D 2 — R S S A AR 0, AR, B I X R AR AR LT VA TE S bR AR AR,
NERDER, I HIETREREERK.

S5 LTI AN R AR AT Hb S RF 43 S A B FLARAS Az B R R A T R R B BN R —
AIARNAG AN,y S AT T AR IR R R UL R X B, B R IR O R 1y OB R IA IR, H
R 5 SO A AR A R AT DA SR A AR TR e A, IR (E B RAR A AR AR A% A Ak 2R 1] B4 43
TRIE, BERCHRGLEEEELNSTHEMAS, NEAS B EENREERBEEHALEEE
S

X 53 S BT o BT R AR BRI, X5 G 2 S AR A B B SR 2 3 A 4 o A e e 2 B TN =
AR (D)7 AT R IR A B2 AR 2 A A B E R LA IR, 248, T XA, SR m oy
R 5 SC 2 IR TR AR AN 4 SO R AR S AREY, XA T VR AR S A K B I TR RS, R A



A . AT o LAEARCAHRIB AR R A R T ik 3

FEO ST BRI i, A RIS SR & B 08 K. PrBL, AR S E — D a2 &I B R R
o ()7 SCANFEREZ AT BEAT A R PRI T o BN GRS 2 32 B HL i Y 42 SR SRS
Wi, 82 24 1% 53 3CJA THAFAE 73 3C(EE 2 AR 1% 00 SOR AT AE B 2 7y SO, Wi BExt 2 J2 10 70 30E B AT 70 3
Wiy Je G IF R — DRI (3) 70 S AFAE 73 388 R AZ I r 2 e i A . fERE R IK R T, 7Y
AN SRR B AN AL R B TR AN, XA RIS BRI R B E AN BRI S
REE DA p SO UMl A, AZ At ol EASAAT i DU IZ A B B0 U5 RT BE 2 A =P B0 (B8 20 7 ok B 7
ANy SOMBAE LR B AN 30) o 2470 ST 2 TR () 90 3258 SCRT RE 2 i SR AR 2 10 3 SCHAT B AR 1) AT
AE, XA H A 20 ST B SR A A A g K PR

AR X Bl o3 SRS A R AT TR AR TE, B T — AR S i R PR R R 2k 2y
SCAAFA G A A R 125 1% 3 AR 42 IR B AT 1 4 A PP AT 10 J5 AR UG AT B 1 S AR 0 S AL
PRI 3B BRI E AR AR IR IR R AR S, th TR b T AR 3T, Bl e 2l A nf
f 7 S LT R S 0. P AR 0 SOE BT RS 2 )5, Mg — DA AR s B3R, it &4
AP AR, IR P SIS BERIRE R . B TAAED S0, A KA AT RE 2 B A5 2
M E . AT 5 R TE B IR TR R A AL RAT I, 450 A AR L B RN 2 A LA ) A
AR BRIV AT 45 21 58 B B R A0

1 HARBE

B S A R AR A, S B AR R AT R B S M, AR AT o 1 3 SCAL R DR BT AL I B0 SRR
0, AR SChRICIERE XA AF 70 S2AF B AT AR AR B . LUk, AR RS LA B R AL 7 SAR B E AR
MR BR . fea, MRAE AL AR A o hn B R T DA R e B ) 5 G B A B B ARES . B X B
AR o Gy SO IS A F 5 325 (0 EARHEZR A 1 B«

1 A 1 A
c c {0,0} 2 B 2 if(BY
A 4 | A 4 _y| O Q c _, 3 Branch BO: _» 3 C
¥ - = B 4 C 4 Jelsef
7 P 7 P iiEs o1 5 Branch B1: s D
I&llazlgsllmlmlﬁgl 6 D 6}
a. B b. 1A FE T c. LI ShRic d RIS AR BE e. SEEAHY

Fig.1 Framework of code generation method for branch actors in data flow model
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Fig.2 Schematic diagram of a model with complex branches structure
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1 for each layer in ModelLayers

2 for each actor in layer

3 predecessors = getPredecessors(actor)

4 if predecessors == @ then

S: BranchlInfos[actor] = getBranchPathWithEmptyDataSrc()

6 continue

7 end if

8 branchPathsWithDataSrc = @

9: for each pred in predecessors

10: branchPathsOfPred = Branchlnfos|pred]

11: if isBranchActor(pred) then

12: for each branchPath in branchPathsOfPred

13: for each branch in getActorBranches(pred)

14: newbranchPath = connectBranchToBranchPath(branchPath, branch)
15: addDataSrcToBranchPaths(branchPathsWithDataSrc[newbranchPath), pred)
16: end for

17: end for

18: else

19: for each branchPath in branchPathsOfPred

20: addDataSrcToBranchPaths(branchPathsWithDataSrc[branchPath)], pred)
21: end for

22: end if
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23: end for

24: branchPathsWithDataSrc = simplifyBranchPath(branchPathsWithDataSrc)
25: BranchlInfos[actor] = branchPathsWithDataSrc

26: end for

27: end for

28: return Branchlinfos
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1 SimpleBranchPathsWithDataSrc = sortByBranchPathLength(BranchPathsWithDataSrc)

2 curPos = len(SimpleBranchPathsWithDataSrc) - 1

3 while curPos>0 do

4 branchPath = SimpleBranchPathsWithDataSrc[curPos].key

5: dataSrcs = SimpleBranchPathsWithDataSrc[curPos].value

6 subBranchPath = branchPath[0:-1]

7 lastBranch = branchPath[-1]

8 findPos = curPos — 1

9: branchPathsWithSameDataSrc = @
10: branchPathsWithSameDataSrc.append(branchPath)
11: while findPos >0 do

12: branchPathFind = SimpleBranchPathsWithDataSrc[findPos).key
13: dataSrcsFind = SimpleBranchPathsWithDataSrc|findPos].value
14: subBranchPathFind = branchPath[0:-1]

15: lastBranchFind = branchPath[-1]

16: if len(branchPath)= len(branchPathFind) and

17: dataSrcsFind == dataSrcs and

18: subBranchPath == subBranchPathFind and

19: getBranchActor(lastBranch) == getBranchActor(lastBranchFind) then
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branchPathsWithSameDataSrc.append(branchPathFind)
end if
findPos = findPos - 1
end while
if len(branchPathsWithSameDataSrc) > 1 then
if canBranchPathsMerge(branchPathsWithSameDataSrc) then
SimpleBranchPathsWithDataSrc.insert({subBranchPath, dataSrcs})
SimpleBranchPathsWithDataSrc.remove(branchPathsWithSameDataSrc)
curPos = curPos - len(branchPathsWithSameDataSrc) + 1
continue
end if
end if
curPos = curPos - 1
end while
return SimpleBranchPathsWithDataSrc
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Fig.3 The result of the branch marking of the model in Figure 2.
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Table 1 Elements contained in the code generation location table
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subBranchPath, HE|IRBNFLER Inserter. XANEMRRFHRXEN, BANELRESEKIGH {0
Inserter. TEIEAGTFEH, W HARBN T 2 KA1 Inserter, B IRAID A A E R P AT 1% Inserter FTTE
W5 X Z WA Inserter. ZJGTE% Inserter S B QN2 JZ 1 73X E58, FEAEREA 73 3CE5 K TR a8 et 32
Inserter 5140, AR T AT 73 L BAE N {0, OB, OF}, T &R B T35 H ({0} } 1 Inserter, A BLAEIXA Inserter
KAz B AR YR {0, 0BY, {0, OB, OF}, {0, OB, 1F}, {0, 1B}, {0, 1B, OF}, {0, 1B, 1F}IX £} S FIKT B () Inserter. H%
S B 24 R A AT A 3 N B {0, 08,08} X N IK) Inserter fLE . &5 IR EEA MR IOE N, &
TEBAE A {{0}} 1 Inserter Hi B 4 N iX L85y STEE AR B A0 4B 19 20 ST W LI Inserter, WIER 18-20 4T B
TNo IXFFULIE T E AW X8 XE Ol P anSEAN AR 03 STRE RS A 8 ({0, 13, {0, Oy} (Ferh X 4
FER) 1 53 3CF0 Y AR 0 73 S AT Re 2 Rl $047), WA ({0, 1x} && {0, 0v}}+ {{0, Ix}}. {{0, Oy} }iXx =7Ff
XIS R Inserter, i «&& R EHYE, BAWAF LI . KA TR &< AR AN B 1
Fisflis. fEZEERERE, BERELS X NENTW Branch J0E, IHRBRITHE N Inserter, K NEAIH



A . AT o LAEARCAHRIB AR R A R T ik 9

e A S B AR
AR B 1. 257 ST AR AH A %o B AR B AR RE 7R B
1 if (1x && 0v){ /IBranch
2 Actor(1x, 0Y) /lActorExe
3.3
4 else if (1x){ /IBranch
5. Actor(1x) /lActorExe
6. }
7 else if (0v){ /IBranch
8 Actor(0Y) /lActorExe
9.}

Bk 3. ARRD A B b B 3R 1AL G BT
N W PR B R AR Y ModelLayers, #24 H Bt 444 (1) 43 SCARIE Branchinfos.
Bt AR AL E R CGLT(code generation location table)

lI:  CGLT=29

2:  CGLTinsertlnserter(0, {{0}})

3:  for each layer in ModelLayers

4: for each actor in layer

5: branchPathsWithDataSrc = Branchlnfos[actor]

6: branchPaths = branchPathsWithDataSrc.values

7: if not isBranchPathsConflict(branchPaths) then

8: for each branchPath in branchPaths

9: subBranchPath = branchPath

10: while not CGLT. findInserter(subBranchPath) do

11: subBranchPath = subBranchPath[0:-1]

12: end while

13: CGLT removelnserterContain(subBranchPath)

14: CGLTinsertGapBranchAndInserter(branchPath, subBranchPath)
15: CGLTinsertActorExe(branchPath, actor, branchPathsWithDataSrc[branchPaths])
16: end for

17: else

18: CGLT removelnserterContain({0})

19: CGLTinsertCombinedBranchPathsAndInserter({0}, branchPaths)
20: CGLT insertActorExe(branchPath, actor, branchPathsWithDataSrc[branchPaths])
21: end if

22: end for

23: CGLT update()

24: end for

25:  CGLTremoveEmptyBranch()

26: CGLT. removeAlllnSerter()

27: return CGLT
TR, BAMLBSRCLE 2 R AR 6], R4EE 3 50 10 AR ic kR E# — AN 581 CGLT.
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T2 B R IEFHERR RS, AT MRS CGLT ME— B Mt k. RIB B 2 R T R&E
B CGLT, Forb M BR &R AR R A M B e 2, R B 7 %00 R R 1R AT 4 I3 01 A
BRi. F T 2 P, —HIREATHE—ANTM CGLT, HIENTH ({0} 5 XA N Inserter, AT
TREGEETTEIBANAE, WA B 2 M 31 17. ZEZRERHER, HERE A8, A fAH8A
B0 3hsid, BT EEE A ARHATE AN BT ({01} Inserter BITH, XTRLEMRED A B 2 1)
F1AT. B2 BN BAMGMERE, RAE BAGKHITSEN A A4, XN BRER B 2 15 2
170 BAR B AR SCA M, (B CON R 4 SCANAEIX BLAIEE, 12 75 5 11 (0 280438 1) o e 75 ZE RN 1Y
Rk, B 320 C Ak, X, RATRIL C A4 324810 {{0,08} } 4 CGLT 12 A F % B 1)
Inserter, T H C AR 73 3Aric W R A — /N 150,08}, BTLL, X BLIZHEGE 3 11 9-15 1T 47 Ab 22,
YA LRGN, BEER TR0}, RETHH ({0} 1) Inserter, {£1% Inserter Hi i
A B H AT 573, 4% C HA4IIATIE A3 N BIHT 1 ({0,08) 1 1 Inserter L8, X RLEIAHD B 2
HIEE 3. 4. 164 17 F1 28 17. D Al E AAAF[A3E. 2 TREE 4 20 F A G A4, 2nliE ANFHH {{0, 08}}
L0, 18}} 93 AR Inserter FLE, STRIBRIE A B 2 28 5 f1 2017, 35S EMH. 1. I, K A4Fmat
7 C k. 256 ZM LA M A r DL EERIEEA 2 e e imAE. 57 EK N A
M AR, RORIEAEARFE {0, 0B) 43 3 IS B3 {0, OB, OF}H1{0, 0B, 17} XN ) Inserter MHIER, X B FI4E
TR BL 2 BI5E 10 14470 26 8 )21 O A EE 7 IR M. BtJ5, B CGLT FIIFTE Inserter MR . HR%
RID 5B 2 RIS A A B3R, fTULEEME NS EROREES, 1§ ActorExe TGER AL H AT B
MIFATIEA), Branch JCEREAN if. else if. switch 25 & g A RI A,
ARG R B 2. BB 2 B A R AR AR il B 3R

1:  ActorExe: A() IEREE 12 A AR A

2:  ActorExe: B(4) /ARG 2 J2 B AR 3

3: Branch ({{0, 08}}) IR 3 2 C dLAFI B

4 ActorExe: C(B) IFEREE 3 2 C HL AR A i

5: ActorExe: F(C) /AR 4 J2 F 440 6 8

6 Branch ({{0, 0B, OF}}) IEAREE 5 2 H AL 2

7 ActorExe: H(F) IAEREE 5 2 H AR 6 2

8 ActorExe: L(H) IEAREE 6 2 L 4 fFr A

9 ActorExe: M(H) /EAREE 6 2 M A1 Bf ) 2

10: IERE 5 2 H A G, A 7 )2 N AR kR
11:  Branch ({{0, 0B, 1F}}) IEAREE 5 2 H AL 2

12: ActorExe: I(F) IAEREE 5 2 T 4RI G

13: ActorExe: M(I) IIEREE 6 |2 M L4 )

14: IIEAE 5 =2 HALPER B, IEAREE 7 & N AR R
15: ActorExe: N(M) IEAREE 7 2 N A0 ) g

16: 1EAE 3 /R C ALfFIT A, 55 8 /& O 4LAFi Ml B
17: Branch ({{0, 18}}) IR 3 2 C AL AEI B

18: ActorExe: D(B) 1B 3 2 D AR 6

19:  ActorExe: E(B) IEARES 3 2 E LRI B

20: ActorExe: G(D) IFEREE 4 2 G AR 6

21:  Branch ({{0, 18, 0G}}) IEAREE 5 2 T AR A1 g

22: ActorExe: J(G) IEARES 5 2 1 LRI Bl 2

23: ActorExe: N(J) IEAREE 7 2 N AR )
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24: IPEAREE 5 2 T AR AN, 5 8 2 O 44 i ik
25:  Branch ({{0, 18, 1G}}) /EAREE 5 2 T AR A1 g

26: ActorExe: K(G) IEAREE 5 2 K AL )

27: ActorExe: N(K) IEAREE 7 2 N AL A 2

28: /EAREE 5 2 T AR A, EAREE 8 2 O LA i A Bk
29: IFEAREE 3 2 C AR A, kA 8 2 O 4R Mk
30:  ActorExe: O(N) /EAREE 8 2 O LI B 4

31: BT B, BRSO I B

5 ZEISLK IS

HH T Ptolemy-11 #J82 F A 5 4% 70 SO B B AL G (R TE BWLE, AT Prolemy-11 #4% =Fp AN
[ 73 S4B DL AR B S, SR 5 0 X e S 4 R A SCHR M I BV e A Tk € B RS . ST T E R
Ptolemy-11 #ER QI 2 R —FIFR, X RAE AR W28 Z B R . 1% =AM RS HE {5 FH B B AR 4R 7R
#+(DE Director) il B HiU i £ (DiscreteClock) SRR 3, MR/ T[R4 50 AN AZIT[A], B H i i) SR A i
B4 1 AN RALITE], AT DB & IR E AT 51 R RS H (1) BooleanSwitch 2H 2R — 43 32 19 43 S 2L,
B N HE T A T THD R 1 1 3 A RN o i O\ BCHE A% 8 B0 A5 L R A . Ramp ZHAFTT BAAE AR
LR, XBERATGEE WS EZHIETUN-25, AZN 1, SR 882 W-25 FFE/R IO 1.
Expression NEE XA, 7 AER A BIEARN KB AXRME, FA 45 B AL 1% F0 % ol o Scale 4R 7] LUK
MNFEATRGE R o SequencePlotter 7wy 7 41 £ 1] LUK &F U B N IR £ s LT 26110 T2 R4 il i 2K . Counter
MMM 1 ITFEE, ZEERIAT R 210 1. Display 4144 7T BLEH S N BUE DL SCAS I 30860 He ke
2 A BRI R S SE AR 1) — B 43, X B AT AR R U R R vt B AR A SG ARSI T ok,
HeErbn = Rt 3. R & 0 B MR B AR IE X BN CAUR N . ok, JRAT DAAR v fa
“printf 1 Ay % Ay th 200 % R AE RARRD, JF ., fEd CGLT # A ARG rid 2, Bl BooleanSwitch 41
A H A IR B A B4R P51 BooleanSwitch ZH A4 [a] BT S 4R B 4 VR, 183X b 77 AT LA B A 7 (0 A0RS

Table 2 Model examples for three different branch situations

&2 PSR SO LRI T S
7Y X I8 C AR

Ramp_output += 1;
Expression_output = Ramp_output > 0;
if(Expression_output) {
printf("%f\n",Ramp_output);
telse{
Scale_out = Ramp_output*0.1;
printf("%f\n",Scale_out);

DE Director

BooleanSwitch
] 5
>
—>

SequencePlotter

}
Ramp_output += 1;
Expression_output = Ramp_output > 0;
Expression2_output = Ramp_output > -10;
if(Expression_output) {

Expression3_output = Ramp_output*5+1;

printf("%f\n",Expression3_output);
telse{

if(Expression2_output){

Expression4_output = Ramp_output*-4+1;

DE Director

DiscreteClock ~Ramp

O XONANEWN =AU R LN~

10. printf("%f\n",Expression4_output);

. I 11. telsed

b. G SR BB LAY 12. Expression5_output = Ramp_output*5+91;
13. printf("%f\n",Expression5_output);
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DE Director BooloanSwitchi 1. Counter output += 1;
> & 2. Expression_output = Counter_output % 7 == 0;
o GER 3. Expression2_output = Counter_output %3 == 0;
T Display 4. if(Expression_output && Expression2_output){
DiscreteClock ~ Counter ol i S. printf("%d %d\n",Counter_output,Counter_output);
pcremen + * U - S 6. }else if(Expression_output){
. on2 GO 7. printf("%d\n",Counter_output);
aprossion 1 8. lelse if(Expression2_output){
A = 9. printf("%d\n",Counter_output);
c. 5 A8 SUAF I AR 10.}

2 I a BERLE R —ANTE VR FE 2 ST b B H I BUE BR 4L LeakyRelu BRI EB . 24 Ramp AR
it KT 0 B, SequencePlotter &7~ Ramp HAFASRMHFHE: X4 Ramp AR /NTSET 0 B,
SequencePlotter {7k Ramp ZHAF4 HAEFLL 0.1, B ) BooleanSwitch 4 FAE L T if-else 1A (5 3 47
% 517); SequencePlotter 14 3 T BooleanSwitch AP A 432, HIT SequencePlotter 2H47E %4~ 43
T FRIEIRIRAE, FTLATE if 0 else MR AT AR T — AT RS (E 4 477 M2 7 47); Scale HAFNTE
BooleanSwitch [1] False 733 #1, Fr UL R 7L else 35 il 1038 A B A AR (56 6 17).

F2 P b HRE R — A5 B, B P BooleanSwitch {34 =/~ B # B, H ' BooleanSwitch2
HAFHRETE BooleanSwitchl N 498 73 B o 458 24 b v] DL B 23 i 22 43 S 2 A4 Bl Switeh 444438,
X AR 1B IR 23 SR B L ARRS A 1o 148 AL v (1) A BooleanSwitch 24412 A U RS 1) if-else 15 7] (3R
4. 7+ 8 A 11 4T)s A BERR U = ANEB 50 43 Bl AL AR IX = if-else M IIE A+ B )5 SequencePlotter
AR B T HAR IR A — B2 A RAE = A if-else #2510 A) P,

2 R o BB AT DAY 3 B 7 BERRI A, FLrhRRIRI 4 3 R 7 A R . AR IR
/1 BooleanSwitch1 il BooleanSwitch2 Z11F# True F1 False 7 2 /3 W KA X, X253 CGLT % Display
AR FNE I A GR R B A B 2 ARl h S/ AN AT, HIX AN 73 3B A% W] g 2 [R] i 2
I, XA 4 3 S 2 4 Fhoyr SCHAT AR O, (R T4t 4B 0 9 AN 2 A ARAY , i DAIX B R AR e =A™ if-else
WEAJHL(ZE 4.6 A1 8 4T) . % 7 s, 7£ BooleanSwitch1 1 BooleanSwitch2 2144 S #N True HITE L T , Display
A 2[R B ISR B I A BooleanSwitch 47 BEH , At 2 A2 U printf A5 2% th 9 AME

SequencePlotter1

i Expression3 BooleanSwitch3
DE Director BooleanSwitch1 EXP! T

T >
b 0.5+(in-0.5)*-0.3 p—>—
Expression4 F

=
<
Scale1
Boo}_reanSwitchZ
—>
>

Fig.4 A model with more complex branching.

K4 BEAEERD SN

Expression1

Expression2

DiscreteClock Sin

GEL®

SequencePlotter2

(=] il=dbedlc] rottar S| | | 2 |
a. P 4 % SequencePlotter] i Hi (1) 5 b. Kl 4 $i%H SequencePlotter2 it ) FEI %

Fig.5 The function graph of the model output in Figure 4.
K5 &1 4 o s 2 Ay o ) R R 45
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5‘75’[‘?*21[‘”?*4‘%5%%B‘Jiﬁlﬁiﬁ*ﬁﬂi&ﬁﬁﬁgﬁiﬁii% WK 4, ZEBEAULEE XA X
WE. PAXXNEFEELEY, CETHIHEBN TN, WE 4 1 BooleanSwitchl Fl
BooleanSwitch2 411 /) True 435238 X F BooleanSwitch3. Expressiond il Scalel iX = ANHAFHT . 75 FHE I IE
XF, ZHEMREGER. ZERSHHEAREEIE, 5w 5@Ff SR, ARG E) Sin AL
— 5 A [A] B 4 1E 5% # 28 I 91 . i BooleanSwitch1 il BooleanSwitch2 21 4FKf 1E 5% #h 28 70 A =#B 4> 5.,
)5 SequencePlotterl ZH4F 2%t vH 55 W H h P EE 40 4, SequencePlotter2 4H 1< iy th vt 5 5 BT A =
HAN B o ARAE AR SCHR MR T 2 SR FE AR I M R T R I A AR U, B 4 H R R AR I A
HAD R B 3 B, ATLAR ) AR AT 2 48 9 iR B I A if-else 1 AJ(H 4. 1516 F1 26 1T), X if-else
K@ s B 7 A 4 PR e A — B0 =3R4 . A (1) Expressiond Al BooleanSwitch3 ZH4F 2 EAT]
BT Ja 4k 41 AE A Scalel 4L 4F#8 RIS 2 T BooleanSwitch1 f True 43 3 il BooleanSwitch2 ] True 7+ F, AT
PUEAT SRR ER A if-else 2l (MR H R HIBLCGE 7. 9-14 4TF1 18, 20-25 17). 1R/ SequencePlotter2 41
o1t if-else PIFEMHIZE 2 5 A B, F H B T8 G WA B A4, B AR B printf AA6S H 2
B SR 2 H R A F S ZE A S AR (B 104 134 21, 24 F1 31 4T).

ARG B 3. A 4 PR A i AT

1:  Sin_output = sin((Sin_t++)*0.01);

2:  Expressionl output = Sin_output > 0.5;

3:  Expression2_output = Sin_output > -0.5;

4:  if(Expressionl output){

S: Expression3_output = 0.5 + (Sin_output-0.5) * -3;

6: Expression4_output = Expression3_output > 0;

7: Scalel output = Expression3_output * 2;

8: Expression5_output = Scalel _output + 1;

9: if(Expression4_output){

10: printf("SequencePlotterl: %f\n", Expression3_output);
11: telse{

12: Scale2 output = Expression3_output * 0.1;

13: printf("SequencePlotterl: %f\n", Scale2_output);
14: }

15:  }else{

16: if(Expression2_output) {

17: Expression4_output = Sin_output > 0;

18: Scalel output = Sin_output * 2;

19: Expression5_output = Scalel output + 1;

20: if(Expression4_output){

21: printf("SequencePlotterl: %f\n", Sin_output);
22: telse{

23: Scale2 output = Sin_output * 0.1;

24: printf("SequencePlotterl: %f\n", Scale2 output);
25: }

26: yelse

27: Const_output =-1;

28: Expression5_output = Const_output + 1;
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29: }
30: }
31: printf("SequencePlotter2: %f\n", Expression5_output);

BE BATET LR WA &0 S0 4 MR Simulink PtolemyIl LA K FRATHIARID AE ji 2833k 47 %
b, xfbbfa b GFEAADAT £ ARG SCAEEARADIZ 4TI (8] . BT Simulink ASSCREEIE M 70 X RIE, A
BATHG 4 AT RN Y Simulink BB 2 J5 B AT AR AR . IXFF, 7E Simulink H 15 7Y 5@ i 2H 7
1R IA NG S AT DME A B S HAKIE, AR BRI B o oy SO AR B M . FRATTSE LA ) ) S B 3
BEX AN FACRS AR 2 AR ARSI AT S 3, 2 JE N T B UV BRBE AL R 22, RATTEAH R 3R 5% T ig 4T
10000 K % %) AR P43 BT G AT I Al (ms) . SEER 45 R WIS 3 Fis:

Table 3 Comparison between Simulink, Ptolemyll, and ours on code generatation

% 3 Simulink. Ptolemyll FASC TAEEACHS AL il b (¥ LL 52

it HAFAN 5 TR VR & M L% AT HL ARG S5 JZAT I 5] (ms)
P A Simulink 512 9 984
EIEDLHIBL | Simulink: 14 Simulink: 8
H(FK 2.2) PtolemylII: 6 PtolemylIl: 6 ;:;}Zm};; 11536 >2 1718
T 18 1 812
P Simulink 543 9 937
WEBOME | Simulink: 32 Simulink: 13
H(F 2.b) Ptolemyll: 10 Ptolemyll: 7 i‘;};mﬁg 12175 60 1811
T 28 1 843
P Simulink 725 15 280
LXIEHMRE | Simulink: 32 Simulink: 12
(K 2.0) PtolemylI: 8 PtolemylI: 5 ;:;}Zm};ﬁl 11864 36 1531
T 20 1 108
R Simulink 541 9 1286
R THOLH S Simulink: 58 Simulink: 21 T
R (P 4) Ptolemyll: 15 Ptolemyll: 9 Ptolemyl 13940 87 B AT R
AX Tk 49 1 1078
Simulink 580 10 871
T Simulink: 34 Simulink: 13
T PtolemylI: 9 PtolemylI: 6 Ptolemyll 12383 63 1686
AXTAE 28 1 710

AR SCIE X L ProlemyTT AT Simulink A4 7 4 [7] {45 2 fr 75 1) 224 A B5ORIASE B 28 B ok Ut WA {of P 4 S 4L
RIEBR RS, X BRI RN R B A W B B KA K E . AR 3 halblE
i, 18 M PtolemyIl ZAF A EL Simulink AT LL5 4 29 73.5% M2 FAN B, B AL IR BE AT DAYk /b 24 53.8%, 3 FH %k
PRI 0 S A AT AR T DL A R L BRI AR AR

FAh, HEEERE, AR R R ARSI T /EAR EL PtolemyIl A1 Simulink & B 4CHY
A RS HAE BE (0 $R T fEAE B ACHS AT B B, AL Simulink 2029 95.1%, #H EE Ptolemyll ik /29 99.7%:;
P22 AR RS B9 IZ AT I A |, A EE Simulink 3258 40 18.4%, #ALL Ptolemyll #23 %) 57.8%. Simulink 42 B HI4
o A0 & 1R 2 0 LIRS 00 5 S0 B0 S s 28 B 00 5 3L, T SEBR b DK 4 19 5 SRS IR A Y
PtolemyIT 4> % M AF A& B AT (19 77 A AR S, 2 o (R B AN S AR BB A i — AN S AR S S, I HL A
N T B2 BHEAL I SeBUACRY, BRI RS R A T AR 4

6 RESRE

AT 5 AT S A% Bl 70 SE5 R I B R R B Y 1 B T ) SO AR L A AR T, 10T I
AN HE A BT L 2, AR BA g ST D9 R X o (2 AN AL AT 2 SORRE 2 JE AR
G SCRRC AR I T4 0 AL AR 2R AT BLR B T LR ARG 2E iy B R e D H bt = S
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ARSI R (R DT VR AR R T B R R v i SCZEL A R A A A B O SR, LT DR RS
R AR — SUN S R AR 1 ARSI T 4 SO BRI R IA R T . AR SCH BT IR 1Y)
I3 SCARAC S REWS A7 RO 3E e v T 70 SR B M S8 ST e R R ARRH A2 B ) <70 SCRBKE IR il BEVEAE 73 S
LR R O A B SEAR R HEAT A TR, LR P B SOARIE B — ELAR R R D K R, ARSCER
H T T4 SO A AN AR A BT, 8 AR A N 2 7 VE A A AR A B R ARAIE T B (s
BARNRIR D) — Sk, ORIE 1T ACRD S AR I PAT B AN R R AL . e Ah, S SRS I IR L
PtolemylIl F1 Simulink 7% B QS A4 s 28 i3k — 20 U0 7 A S TAE MMM EE X

AR SRS AT DAAE A 58 AR A B A B 2 2 SR At — A AR ZR AT A, 24 28 1 2 A 43 SCEE R R N
RIS 3 S S5 JR T IR B if A else if SR &R, I HIX B8 351 W B ARIS & 58 4 — B0, TR 5t mT BA
X I HIR if F else if &I N — 0SB, 3Ok BOS HIER .. 5156, B2 A0 SCHE I i,
I B X5y ke R RN EA AR PATAD, B4 8 DUE A2 H e i A AT B AR IS 0L 2 2
DIMA—DI, KM iR . AR AR E R AT DT R 2 AR ek,
TXREREE A5 AN S AR B 1 SRR 10 T RS AT A b 206 el A il ) AR K B
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