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Abstract: Procedure call-based component connections which are latent in hard code do not only restrict the
flexibility of software but also cause hidden problems to software reliability because of the existing deadlock
connection loops. To solve this problem, first, a formal semantic model called call-based connector has been built
which explicitly separates connection from components. Second, mapping rules used to convert call-based
connectors into component the connection directed graph are proposed. Then, two algorithms, TPDCC (two phases
deadlock connection check) used to find all existing deadlock connection loops, and DCEMRF (deadlock
connection elimination based on maximum reuse frequency) used to find locations with the least number of
connections that must be eliminated to eliminate the loops, are provided respectively. Last, its application and
experimental results show that the presented approach is feasible and effective, so it can be used to enhance the
reliability of software, also be fit as a basis to further design and implement adaptive connector due to its separative
way of description and storage of component connection in semantic.
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FE R PR v T o g P T e ) P B g I P 0P AR 8 A8 1 7 A [ ) A ) 100328 AT 35130 S A
BB TRl R (R 7 9 s R 50 VA FE 1 3 R T S e 3o 10 4 2 U AR T A 1 A 2R 5 T 9
ORI T & RO R AS 7 2 IR e 38 5%k Al Th 6 S A 2 4 7 A4 A i T R S A, B I 1R I R P A Y =
W 334 OMG ) CORBA Microsoft (] COM/DCOM/COM+A Sun [f] JavaBean/EJB, i £ 1 i 52 4 ]
(1002 L LA 3t 2 O ) (A st ) A 2 20 9 LIS b 3 s A P A T 0 3 1, 9 X1 A g 8 o g 12
SEHL A R B A S MR A T A M 2 TR AR R S B — R B R T I RO T AN R A T R ]
B BT T R R Je e T LAt A P TR0 2 S A7 A4 A 3 V1 U0 Y A 3 o AR 2 AP e 3 I 2 K B, T 2K
PEIZAT IR B BB, 3 B P AR e e R R 0 4 1 5 A8 1) R 3T LA, AR S 0t i 3 5 P A 132 e Oy X A7 7 11
B A Bz ) AT BIF O, B ST T i R e g T S SO Y AE SRR b B P B AP % A A Ak
FA T8 H 3 B AT 1D A o ) 52 22 A7 A 000 A 328 UL 80 PR AR 8 o M 5 T K B R A 36 (1) A0 0 22 30 e B2,
T HR BN A7 (¥ T AT SUAVOZE B2 1] 5 RV 3% T A7 B0 AE 82 T S 10 ok £ /N 50 T 328 8 1) 67 A A 2% ) R AR — o
AIAT AT R0 A R 7 25 10 (DI, A 18 5t P (W AR e M Rl SE e BRI 4 & 4, T L A0 T S 0 LA 3 B R
e 4 B LA

1 e RfEA

X 5L AN 1R) L 5 1 5 1 )4 S Java JSSE IR AA 144 (Scone, Sctwo,SCthree Fil SCfour)i%: £z 4 Bl 11
N IR G B R S T U R S ) AT AL T PR A Sl T B A0 T S B A R A 1 S AR A
f22), B 1(a)~El 1) 78 75 4 P BE 12 I 3 A7 AT ] 1) 8,38 AT I 0 5 0 20k LR IR SR B 2(a) i
A, B R A T HE R O R R ] 2(0) o, S 3 AR (Scone,SCtwo Fil SCthree) [ 7 145 2 MR TE L T
VERRIR JEAT B — VA IR HEAT 0% B3 5 R P 10 AN 25 A 346 U5 45 TR AR A 7 2R T A ), 5 S80S 457 A7 ) 2 512 491
WG A B At 25 TR AN 2,8 A S 2 1

DTS, P 5 Jo P2 ) P R e 32 5 4 i PR PR 4 ) R SR

TESC 1. FE TR U PR o 3 4 A0 A 1) SR A vl BT 22 A ) 2 T [ 108 PR A8 T, 5 — ) A 1R T e g v (R )
VB2 8 FH L B B 7R A PR 0 D B U 32 2 TR) T G 422 B0, 3 BBUR AR 32 AT I A A4 [R) (R 00 A 326 U1 R FH TG V20 [l 3 ol —
TR =y SR TV 1) WIS AT B 28 S i 2

package desdlockTese . 1 package deadlockTese:
public class S5Cone= | public class SCtwo {
public int add| int &, int b ){ public int selciplyiint &, int b )
SCtwo obj = mnew SCtwol): SCrhess o) = new SCohees () s
a = obj.mualtiply(a, =) a = abj.minus(a):
m = inc (a): | = dee e s
returm aHo return a*b;
¥ ¥
private int inc(imk & }{ private int dec(int = hi{
return a+l; 1K return &—-1:
¥ 11 ¥
} 1 ¥ -
(a) (b)
CET T
——— _— E 1 package deadlockTest:
. 1 package deadlockTestc: ? public class SCfour {

2 public class 3Cthree {

ublic gtatic vold main| Scrin AL £
public int minus(int a){ » { gl args )

4 SCone abj = new SCone(): _' ?Eant okl = new SCone():
5 a = obhj.add(a, 5): int ¢ = obj.add(3, 2):
return a-10: & System. cut.printlnic)
a8 3 8 3
d
© (d)
Fig.1 A simple example

B AR
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Froblems | Tevadoe | Declaration| B ceasele 11 "

Sterainated” SCfour [Tura dpplicatisal C:\Progres Files\Furahjdl. 5.0 02\binljwrer. exe.

Exception in thread "main" java. lang.3cackinverflovError scfuur.mﬂin
at deadlockTest, ICthres., minus (Jophpes, dava: )
at deadlockTest.3Ctwo.multiply (SCLEN0. 18va:E) //

ot deadlockTest . 5Cone . add (3Cong. fave: 6) .
2 TR " SCone.add -¢—— SCthree.minus
at deadlockTesat, SCThres, minus (SoThres, 1ave; 6)

at deadlockTest, ICtwo.multiply (FOTwo, dava: 6} \ /
at deadlockTest.ICons. add (FCone, 188 §)
at deadlockTest ._-"’f-r. hree.minus (SCthree. Jawa: &) SCtwo.multi p|}l’
@) ®
Fig.2 Deadlock problem
B2 SEstm
T AR 2% D) g 75 24K A 1 2 1 A A 1 P A SR 2 D T BRI S T B0 42

2 FRRFE

2.1 FEEBRRNENER

N A ) PR A2 L 2K e, S S R T sk PO P S e 2 T 20 SRR il G A P ) (3 420G 3R, O AL B T
o 7 29 5 HE A

T BT ARE 2 r A 4 i T T A R A 1 ) A8 B TR A oK

(1) HiR [ ,(resultVariable)=(objectname).(methodname)({arguments) )k

(2) JCiR[ME 1 ,(objectname).(methodname)({arguments)).

FEEEE AR Jarguments B AT LLA 2.

FE X PR I A T 1R R A R0 1 A 2F 2 TR) e ST R I 2. B BT AT G PR B 1 AR T R L L REAS:
At H P A A TR TR VR R TR T SO 0 b TR R BB A5 0 B X R IR I R R B AN R R FIL. IR ke, e ST
FERAR Y 00 SO, LA S RFVE: SUZ IR EAZIEBE B FE (8 SR 1= 1) A Bk

CAATE S8 B AT ARk 1) L5 ) A 42 110 1 20 SRR O (R 5

PL AllenP g A8 1 — 2K 1F 95 %, L CSP(communicating sequential processes) k2 itiis 14 114: 18] 1 28 1.5 il
G N VR A I (I SCHR[4-6)), 3 4 4 1) B 20T SUBEAY 4 i role A1 glue #1138 1) CSP #ERE AT ENS 5 H 1
F O FIAE L FE AT by W LA B R e ST R T3 o ASE B vy DA a4k e A ik B S 48 H k. FDR(failure
divergence refinement) 7RG 7 L HAG A L AME B AL 25 role 5 glue PR - 7148 R JER AN SRR R ) R &8
PR T 2 85 T T I ) A AT A0 42 A

L Magee! A AR 1 55— 504, Lhisit S04 SEfh e 37 A4 PR 43 B 208 SOREAL. I Magee DL — [ mifii 55
g FEl K 2R IR bind W, LU AR A2 T A 4R 7] provides Ml 45 1) output F requires Al 45 ¥ input (7] )
X Y. 5 s T4 SCTR[9—1 1] A sy B st 5 by 6 il W9 0% 42 AR ok O — 41w 11 port F—/N & (14T M routing. iX K Dln
TR B A R A T 1 T P U OB, SR IR SA(software architecture)[f1Z) AT 4y LA K SA IR AL FIDRE 4, IH A
SCREFCAAS A FIAR 25 PEAS A

b5 R Ay AN R i o R A A R A B 5 2K 3RAN 45 4 CSP RIS il 2 i e 7 i T AR P
45 T SRR B T IR AN AN i 8 A A L S B 4% ) T 9 FR) ) A 6 B2 482 T HLL B A0 4 38 90 BR 20 B0 482 11 7
B FERRAE T L1 £ 1 H DCCTool(deadlock connection CheckTool).

7 Wright!"2 B3I g kg R 240 CSP!I AR [ 30E 5 (process). 3 L Ky 1t 45 3 FiE OB R AL, Y340, BL C #5
LI BE BAR A UBK 30 AS 5] R A8 4. T A S CSP R (R R 5, 2t g Sk P o 42 25 T 20 SORE 2R ) LAt AH DG 1 S
7E X

EX 2. KR XS Ab 52 AR KA D g 4 U7 vk (B R, B Ol A8 A 1 A6 AT L R TR U O AR Tl TE
(external-channel),ic. & OP, 1B LL R Aw LA DX 1) [ — 440 14 Py 6k 2 $ 40 B A ) vk
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(1) A4 PR . AT 5 I AL R SRS L AR AE B D RE #R A v G R ) Bk Sk R 19 A A8 L e
38 Xk P T34 (internal-channel), id 9\OP, 3£ B LR b LA D7) 1] —H4) 44 P9 Bk 1 AN [\ 5 v

(2) R 2R A 2 Ak P /AN I IE S 2870 A0 0 X FE B DL A LA DX 530 AR [ £ 30 3 i o 2R Y

(3) WNZHEEMBFRIE A A/AMEE AR A Y, 5B BLR BR AR 30 A 7] A i 36 i A 2828

@) FE X RRR AR R EE X100 Xo=x;

(5) HFf ¥ SO R B B i h Yooy

(6) Y A X ¥yuyLLA 7,

(7) Xe=x,z W TRAS R EE x A1z F5 & X 8,

DK )48 P R 2 I A8 B8 o il TE A6 K External-channel=OP\ Y?X,Internal-channel=\OP!Y?X.

EX 3. WAL S — D Re 77 ik OP, T U SORHERE C ML —IlIE OP,ic ) C.OP; P s Kl it
— IR OPH I AGE SO EFE C R — Wil iE, 12 C\OP.

EX 4. WA LB MBS LSRR IE AN LR 5 il X A R &
T LS Z IR RE RN LCHA leL; LI AN F—Thae ikid A :C.OP.

EX 5. WA Dhfg vk A, B xR A 7 0 i A & e s & o, 308 U SCE SOl R A T
££,18 0 OP.Sch; ML AR —IRZTT y, B ye OP.Schy | FEARAS TG y IR AR IR S0 20 B8, 8 XA 0 WS e 2 f A2 Ak
HIRPIRES S p, A5 RES A ) 0 T3 5 0, W2 P SEAN WS AT y=f ()00 R A Fh D i 5 s N W9 4 15
fJ:int a=0;a++; 4R TC a AN a=0;4 QIGHPIZH)T fla)=1. 7040 IR TOMH S H =" ok RR.

TEX 6. T g A% 1) 3 T Ik R FH A8 L PR 1 28 P i S0 300 SO EH Goin), il Join=A=>B, I i
P A FEEAZ E W B S ) 25 S5 A B AR il L S8 EL AR AR 4R

hy FRARTE SR IR (4 52 2% 1, JRA I8 L DA T BGR 2R

LRI 1. A SRR I A AE B N AL B R LR RS L IAE O A R 1.

5 oW (R Y o AP & SRR LN e S B R R AR G R T A SRR S e (AR G e /A SR (=]
o BB 24 SR PR AL 18 e, 2 AT AR P Bk T ARV R T LA P (B B 24 SR ARV I3 2 AR 1,8
PIFPSTNNAS L 48— A ME L OPI Y X.

h T T AT A A B A A SRk v A A R A AT T PR S A g R A TR A 1) B D BTG AR B A 1)
S AL BN R B2

LYRMM 2. A AVEAERIPER R Dy Re T vE b R D) Rk

F9 b H AT RO REFe B B B IR B A AR AEAN DI BT R AR S ], OF H AR AR
PR T LUK T 24 RO T 552 s A2 7 8 R B AN KRS 4 AR I LA X R 24 o, B 02 28 T B A  Th a Rfege ke 1%) X
JEE 55 A o e IR R TR AN 22 e R0 3 o 24 oA AR S 2 1), 7 6 25 IR A IO, P B SROX R A I
YR L IR 3 o B DU R A AR B A R T 1 R IR A BN 2 R v A A e [ K 114 A R, 3k S
T HL L

BT IR 2T S SORTZY ORI A W G 1 (Cy A Cy) 2 ) e T3 R FH 1 A8 L, B XAk o e T ad R
2 3% (call-based connector), Ho B 2015 B AL 4 R

Call-based Connector

Channel caller=C,.OP,!Y,?X,

Channel callee=C,.0OP'Y,?X,

Join=3y,z,€ C1.OP' Y12 X1.SchAYy: =y )AXy:=x2,21Ax2€ Cy. OP 1 Y22 X,.Sch=11:Cy. OP 1 f(y1) 1X2/21=x,

FEZAE A HIE channel iR T 4888 PN H 2,90 caller Al callee A5 UL FH 38 FHagt 1 5 i 12
Join IR T WIANAE FL A B BEAT AT L REAG 1) PRS0 A RLKs — Fh s R A D0 05 75 W ccaller F1 callee 73 AR R IK
channel ] BLJ ] — AN R 4 K P A AN [ 300 38, T A7 100 T A58 28 3 2 1) 9 LAY [) — g P AN () 3 8 2 1) P 52 B A
IAERE vk O 3 e ARG 1R R e, — AN R A0S SN BRI (AT — D R U7 VAR S VRO X AN A (1 A 1)
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REJ7 ¥ P i A, 1 Aob 26 7 i T A N BAAE FH Ji 8  ) 3t e p3 ) P 18] PR SR 6 P LR I Ak Tk A7 0 7% 18
FE N DL R OE 12 2 1A v SOV B, T A F P 8 3 - o 5 R DG ol PR 0 A0 2 th 70 i A P AR R Bk T T LU
T SRR R GEGE BT & LU 38 ] J] TR 2 U B K SR UL e AS: 253K HL A BIF 9 32 BRI i

2.2 AMEBREBLEENER

5E T35 2.1 1511 Call-Based Connector #5288, iJ LU 5N 6] 44 Hh 25 A0 188 i AT 1) i 72 8 FH AC B S B i ok —
AN Call-Based Connector, 4 J& #f — 20 78 A $R HAF AR WAL BIE B A T fE1X & Call-Based Connectors H7#%
HAFAE IO T A PEB I 2,45 T W Y B BB B 4% 7 87 (two phases deadlock connection check, {#j FX TPDCC).
TPDCC Hi% 28 1 By B 3 T Call-Based Connectors /) 25 4185 A4 {132 4 47 1) 18], 56 2 [ B 71 A7 1) 1] v 2 4
H T A7 o [ e A R SR 1T, S8 48 A Call-Based Connector B #4434 32 1 Pl ff 0 S 10 0] L 38 2 Jog o LA
YU PSS
BRETIRI 1. K5 caller Al callee i M (1) Channel 37 IS Sy #2432 P2 A7 i) P o (1) 10 A
EX 7. 5T Channell=C,.OP,!Y,2X; Fl Channel2=C,.OP,\Y,?X,, 4 Channell 5 Channel2 1f)JE =2\ —F¢,H]
C1.OP,Y,2X,=C,.OP11Y,2X,, W FR Channell Fl Channel2 >y “5Afv 13 A48 11 JE 7] A28 H A
RR ST AR 2. 547 30 IR S DAy g P AT (i ] A [ ) T
AR BT R0 3. K Join BRUE g A4 1 3% $i A 1 1 v i 422 AR 3% IL: caller Channel Fil callee Channel f 100 s A 1) 32
¥ Join JE A 1i: G WS SR K P AT o) P T AR LI AE 1Y Join AT 1) 322 (R T4
BREFIAN 4. 45 caller FriRM Channel WSS H PHEHA 10) I TP AR ILITAE R Join FA 1) 1L 46 1K
callee FRIR T Channel WS Ay #4432 427 1) 14 v AR R SL T 7R 1) Join IR ) 20 1 24 555
BRSTALN 5. ¥ Call-Based Connectors [ ££ 71 (1) F1 8 1l 455 Sy K 11 14 4 A 1] ] o g ol %
FUTERI 1. A5 AT o) P P A7 £ — A BT 5P [ e, DU g P T 22 () A AE — N PR 3 JF HAEBOE R 2
12 17 B [
F 1R WU U (¥ SR L, T LR TR TR () TPDCC S (8 S5 vh BRUE B i N IR0 B2 2 A B 8 b
A 1) B A A IE A AT IE R A 1) B TR 1 A A 3 1 v K T A D B 3 () R, B A A R A P A ) R P A
AE R Jr A7 150 B 100 ) 5L, 2 ) 132 4 o ) BT A PR .
TPDCC B & (hRBHA
Stepl.1: {Connector}=inputAllConnectors(connectorfile.xml);
{Connector}.length=computeConnectorLength();i=—1;{Vertex }=; {Edge } =J;go to Stepl.2;
Step1.2: if ({Connector}.length>=1){i++; {Connector}.length-=1;go to Stepl.3;} else {go to Step2.1;}
Step1.3: {Connector}[i]=getConnector(i);
if ({Connector}[i].callerg { Vertex}){{Vertex }.create V({Connector}[i].caller);}
if ({Connector}[i].calleee { Vertex | { { Vertex } .create({Connector}[i].callee);}
{Edge}[/]={Edge}.createE({Connector}[i].caller, {Connector} [i].callee);
{Edge}[j].power={Connector}[7].Join.getPowerinB();go to Stepl.2;
Step2.1: computelnandOutDegreeofVertex({ Vertex});
{ZeroinDegreeVertex } =findAllZeronInDegree Vertex({ Vertex});
{Circle}=0;{Unvisisted Vertex } ={ Vertex } ;go to Step2.2;
Step2.2: if ({ZeroinDegreeVertex } =) {
{ZeroinDegreeVertex } [m]=findMaxOutDegree Vertex({ZeroinDegreeVertex } );go to Step2.3; }
else {if ({UnvisistedVertex }!=){
{Unvisisted Vertex } [m]=findMaxOutDegree Vertex({Unvisisted Vertex } );
startVertex={ Vertex } [ { Unvisisted Vertex } [m].index];
{Presequence=J;k=—1;go to Step2.4; }else {go to Step2.6;}}
Step2.3: startVertex={Vertex } [ {ZeroinDegreeVertex } [m].index];
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{Presequence}=J;k=—1;{ZeroinDegreeVertex } .delete(m);go to Step2.4;
Step2.4: if ({Presequence}==){ {Presequence}.add(startVertex);go to Step2.5;}
else {k={Presequence}.find({startVertex};}
if (k>=0){{Circle}.add({Presequence}.copySequence(k));k=—1;
startVertex={Presequence}.getLastNode();go to Step2.5;}
else {{Presequence}.add(startVertex);go to Step2.5;}}
Step2.5: if ({Vertex }[IndexofstartVertexin { Vertex } |.visited==true) {
If (startVertex e vertexesIn{Circle}){
{Presequence}.deleteLastNode();startVertex={Presequence}.getLastNode();
if (startVertex==null) {modify {Unvisited Vertex };go to Step2.2;} else {go to Step2.5;}
else {if( {Vertex}[IndexofstartVertexin{Vertex}].outDegree!=0){
{Vertex } [IndexofstartVertexin { Vertex } ].visited=false;
for (each adjacent edge i of {Vertex}[IndexofstartVertexin{Vertex}]){
{Edge}[i].visited=false;go to Step2.5;}}
else{{Presequence}.deleteLastNode();startVertex={Presequence}.getLastNode();
if ({startVertex==null} {modify {UnvisitedVertex } ;go to Step2.2;} else {go to Step2.5;}))
else {if ({Vertex}[IndexofstartVertexin{Vertex}].outDegree==0|[all adjacent edges are visited){
{Vertex}[ IndexofstartVertexin{Vertex} ].visited=true;
{Presequence}.deleteLastNode();startVertex={Presequence}.getLastNode();
if (startVertex==null) {modify {Unvisited Vertex } ;go to Step2.2;} else {go to Step2.5;}}
else {choose an edge i in its unvisited adjacent edges;
startVertex={Edge}[i].endNode; {Edge}[/].visited=true;go to Step2.4;}}
Step2.6: if ({Circle}!=){outputallcircles({Circle});} else {output:no deadlock circles.}
23 EFIRAERMERGIEREREZE
F T AT AU 2 T, DG B ] U2 Gt V1 Bk 3 6 R AT 2 3 o B T A DR Dl TR R T 1 T [l i, DR R AR
B T8 I AT 1) A D B0 B 3, AT 0 T A Il AT 2 L R T B R AT A 1 DR A B3 B S92 (deadlock
connection elimination based on maximum reuse frequency, {if # DCEMRF). % 5730 1= T AR vk T ¥ M AL 8 42 (1) %
RS 3, ) K AR PR AT 1R 3 T B 2 1) B L 9 R AT A (R S B AR A8 e v SE B B AR 95 4K HY
PRS00 3 PO A 1) 3, 0 12 281 R A R A AP A L 3 1) S B A CRE T BE AN AR R AT 4 T 48 80X 48 S, 26 i i
U, B AT AR A A St S, Ay I b AT AR R S5 R 0BT (R A B X B S U SR IR
2 AR
LYSRAM 3. TR B A1 AT T I 1, 75 18 T 1 SE L R A 78 7 18 TR o 38 A2 EAT RIS T M Jo AN AR T 4,
AP AEE AT 5 Z B AT B oA BAE — M.
P ETVA I T2 A R (0] i B PN A7 A AN T 322 v 52 P 0 4 i v £ — AN A i B 3, 8 i I B ] i 4 Y
BT 05 A I 0 [l s b e ST AT BB [ i A AR A AR B TR P A T, R 0 e B A 1) 3.
b S IR i LR
EX 8. fEk Al AT AT DR AUE BE [ P AR AR IR A [ R A B AT ) 3, 1 T A [ e e 3P T8
R A AZAT 1] (R AT 1 ) (1 52 Y e
DCEMRF [ 575l W R I 7 (78 50 b BRI SN TR ZE B 2 B i 4R 7).
DCEMRF H % {AR5H#A.
Step1: inputdeadlockcircles({circle}); go to Step2;
Step2: computeEdgeReuseFrequency({circle},{Edge});
{Edge} [m]=findMaxReuseFrequency();
{EleminateEdge}.add({Edge}[m]); go to Step3;
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Step3: for (each circlee {circle}){
If ({Edge}[m]ecircle.{edges})
deletecircle(circle); }
if ({circle}!=0) {go to Step2;}
else {go to Step4;}
Step4: if ({EleminateEdge} =) {
outputEleminatedEdges({EleminateEdge});}
else{output: error message;}

3 MARKBERSSN

3.1 FERIR A

HERATIE AW K& BB AE T R4 SmartFramework w1, W ] F ik J7 7528l T DCCTool 1 1. B A#
DCCTool, AJ LA 7 H R ) 52 Gt (0 A4 A4 o A7 1 100 BT A 25 -1 3o Rt 0 T A0 e 2 , 5 R 59 90 o T A0 A A0 4 T 24T
T (R 13 2 AN Ik, i DN S 8 24 40 123 2 B bl 5 0 SRS 0 o 8 (V) 4 70X — 2Dk . DCC Tool 1 ¥ A7 S B
B B0, 3 A N TN B g D (00 25 P O P 00 ) 02 et S BRSNS AR AT AR R 5T S5 R 1 XML 4% 2
S AE DCCTool H 5L TPDCC S I, 1% e 4% B8 N XML A% US4 N 58 3.4 145t T ATTAE S br &
24 il DCCTool #EAT 0 1) 45 L.

32 IWEHER

T KRR YT VERIAG R . TPDCC 515 DCEMRF 355 (1 16 AV, 00 4553 5 P 0 1 L i T 1 15%
IR 52, 4 ] DCCTool #E47 5256

IR EALE /& P4 CPU 2.40GHz,1G W A7 525 3K A1 31 455 24 DCCTool. %34, DCCTool [HIZ 1T 5E TVM 1)
PN AE 43 8] 6 [ 4 (64M~512M), ilAS y jdk1.5.0_02

DA S B V2152 VT 10 ZH 0008 S 491, 80 8 e 21 i 481 o 58 (9 A8 HL IR AN B0 v, 3 e 3 AN B e FRBE % B2 ]
ANEL nAE DCCTool H1 43 5l NBEZH IR SE 1 H I8 A7 1% T 5L W E0E 47 45 W b 3k B A BOE 2Rl . B R 10
PR . TPDCC S350 DCEMRF SEVEPAT I ) LA 5 A5 14 P9 A7 2 ) J6 e 1 2R s 49 4 10 S48 B A
12 ANEEFEZEAN 2 AN SEBHTEE 32 [B] 1 (PR T T, 3 FEL 48 W T4 s o), i s i b 1 kR I 47 45 A i 3 s, 3L
by AR S 5] 6 2 A 1% S0 R SE Atk 33 A 384 T R I ), 3K EE AR A s AR L TS AT 4 L R O B R, A B
S E BT I TR A A A7 R, L3R 1 (R LR S 5 4 A DB AT 5 VR, BRI VA ST IR TR R o
A7 23 B IO R e AR 1) 3 WR IR T A {ELAE g B 28 45 ).

Pnl.h-s|Javadoc Declavation (E Console 2 % % | Embl|t B -
“terminated? DCCTool [Tawa Application] C:%Frogram Files\Tawahjdkl.S5. 0_02hbinhjavew, exe (2007-5-14 TF4F08:41:48)

total number of connectors: 12

input all connectors elapsed time: 0.09452496ms

created component connection directional graph elapsed time: 0.02516547ms

total nuwber of interact channels: 10

computed in and out degree of verxes elapsed time: 0.0106481ms

found all deadlock circles elapsed tcime: 0.00830073ms

total nunmkber of deadlock circles: 2, they are as follows:

deadlock circle 1 :

C2.O0P1!' Y2 ?¥e——11:C3-->C3 . OP1 ! T1?¥1--11:C4——>C4. OP1 ! ¥52X3--12:C5-->»C5.0P1 ' ¥4 2¥1-—12:CE-->C2 .OF1 | Y2 ?X2
deadlock circle 2 :

C2.0P1!¥57?X3——-12:C5-—>»C5,0PL!T4?X1--12:C3——>C3.0P2 !¥32X2--12:C4-—>C4.0P1!¥52X3

TPDCC algorithm elapsed time: 4.56689365ms

TPDCC algorithm occupied mewmory: 246.40625KE Byte
connections to be eliminated are as follows:
C4.0P1!'¥52X3——12:C5-->C5.0P1! ¥42H1

DCEMRF algorithim elapsed time: 0.00576544ms
DCEMRF algorithm occupied memory: 6.4609375K Byte

Fig.3 A testing result
B3 AR
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T RE AT 10 2P0 S ) 0E AT 256 i 00 5 SRS W I D 448 L 0 A R 05 1% A2 e 6 4 B 1 3 4 TP AR AE 1Y
T FEAZE B 1), 1 B A 4 L AR I AT A e 5 T R P
Table 1 Running results of 10 groups of test cases
F1 10 AN BT 455

TPDCC algorithm DCEMREF algorithm
Group v m . Space . Space Connections to be eliminated
Time (ms) (Kbyte) Time (ms) (Kbyte)
0 10 11 1 4.479 5 248.570 0.007 778 6.461 C2.0P11Y2?2X2--11:C3—C3.0P1!Y172X1
1 10 10 0 4.248 1 57.273 0.002 973 6.797 No connection to be eliminated

2 10 12 2 4.529 0 246.424 0.008 283 6.477 C4.0P1!Y57X3--12:C5—>C5.0P1Y4?X1
3 14 16 2 46048 253.563 0.009 047 6.555 C4.0P11Y5?2X3--12:C5—>C5.0P1!Y472X1
4 16 18 2 4.616 1 257.344 0.008 986 6.836 C4.0P1!Y57X3--12:C5—C5.0P11Y4?X1
C4.0P11Y57X3--12:C5—C5.0P1!Y47X1
5 18 21 3 4.661 4 265.367 0.048 245 7.531 CA.OPN Y20 X412 CoC6. OP11 Y29X2.
C4.0P11Y52X3--12:C5—C5.0P11Y42X1
6 23 26 3 4.734 5 270.836 0.013 131 6.320 CA.OP2 Y22 XA--12-C6—C6.0P11Y27.X2

5y 71 f
726 28 2 47770 271.031 0.012 835 6.320 < QEIOTAIZRC--C35(3.0P1TIIX

C4.0P2!Y2?2X4--12:C6—C6.0P1!1Y2?X2

C4.0P1'Y5?7X3--12:C5—C5.0P1! Y47 X1
8 30 34 4 4.873 7 285.617 0.020 267 12.328 C8.0P1'Y2?X1--[1:C10—-C10.0P1!Y2?X4
C4.0P2!Y2?X4--12:C6—C6.0P11Y2?X2
C4.0P1'Y5?2X3--12:C5—C5.0P1! Y47 X1
C8.0P2!Y3?X3--12:C9—C9.0P2!Y2?X2
C8.0P1'Y2?X1--[1:C10—C10.0P1!Y2?X4
C4.0P2!Y2?7X4--12:C6—-C6.0P1!Y2?X2

9 33 38 5 4.9612 294.383 0.032 842 18.805

3.3 BEiEAMEEN

10 ZH AR S5 0 4511 292 s 2 2R AN fE S et TPDCC $9:fl DCEMRF SBOEAEIERE 2 AN B m 30 H 5
ANK v FBEAZE 42 [P B AN K5 A6 50/ IN Y0 TR P 248 A I 110 52 o e 6 00 6T S o SV AR AR M e T B AT AR
W30 P R S A8 A W S A e AR Bl 2R g, E R R T T AT O S 4 W R AT R
KR, Fe ATt 25 I BEE _EXF TPDCC 50 A DCEMRF S92 HE 4780 E BE 20 4T (m,v,n 4728 B A 1l ).

# TPDCC 5735 5 I 1) 52 4% FE A G 1 SCBER A E A N m AN EERZAS I IR) ¢ym(ey RN — 8101
A3 0] s ) BT A TR B ) (e D B — AN TO0 A0 1 4 B D), ) S T A T A5 T AT LY A AR (9 B )
(Vv 1)/2)t3(ts 29— PR T A LA K1 37 U] 1) ); G0 Sl i AT 30 PR U 100 2 i 19 B0 — 45 S0 1R 1S40 B T ) V0 T AT T A5
HHRE RN FE IR B TR) 2850 2 F 30— 56 U i A 2 TO0 0 Boe A5 00 AR TR0 vt 285 45 [0 % 6 7 ) 42 v FRD 2 A
BRI TSN n(v/2) e BUTTA [0 I TR IR 2000 nes(es D9 735 — VR ERUIR] 46 0 1) T80 ) 20 B A 680 ] % 5 il T
R AP O FL T I [0 249 7 vt nte(te 9 U5 i) T50ACTRD 1 347 1) 1)) i HE AT [0 265 1 B () B 240 2 tam(e, R0 1380 5
H AN FEAF] 6 (10 16 1)), DRt TPDCC SV FOMIE N 18] 52 2% B O(m+v*+nv).4E TPDCC i mh 55 %% [l & 2% B
AH I 10 DB A AT fid 2 ) 0 2T AT S e B8 1) pam(py o — A FE RS T o F IR 52790 0 T o FH )
ZE0) piv(py R AT T FH 00 ) B AT BT v FH 23 18] pam(ps o — 4530075 o FH 72710 ); [0 6 48 {circle ) 3
i B2 T80 24 2 (1 ey ymm (BB BEAN [ 6 70 25 (1 ke Ym 4 300, <oy <m FEAS T BB TR o 1 2345, N BER O F T 3
R 25 18] 29 2 (L) (BENTE D 0 [ TR 36 AT (Uky)v AN 1<ko<v); R U ) b 1) T00 o 4 36 Ay H 1) 23 1) 20
(W) V(A <y <v);— 58 U7 In) 11 )7 0005 46 v B 23 TR 240 00 (/s )v(1<hea<v). TR D6, TPDCC 55956 1R ¥ 0T 2 1) R 2% B
Xv+mn).

£ DCEMRP 53 v, 5 165 1] 52 2% 4 9 1) 6 B 430 1 A7 1 0 FH AU (1 1 T30 (/)R e (BB R 5 158, 1<,
WA AN SEBH ET % T A e 45 120,0<k<1); 3% H 52 A3 S5 R ARLIZL RIS TRD 240 0 5 m® 6 (/) B HE 230 ok 100 320 £ F i) 24
h gnto(g 9% — 43 1240 ) ,0<g<1). R 1 DCEMRP 4232 ) 5 3 1] ) 52 2 5 8 O(nm®).4F. DCEMRP &35
rp b 23 ) 2 2% T A O 1) S B B A 0k 25 TR0 AT [0 4 4 {cireled F55 T G 28 180 240 0 (1 /ey ymon B30 5 10320 oy D ) 28
&) (11 )< <m); 0 A5 I BAR ) 1] 8 5 G R 5 | R ol R 2 TB) 40 2 (44 ) n(15<im). IS W , DCEMIRP 550925 ) 7 a1 4%
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[ 522 REN © (mn).
34 TEMNA

PA 1A L bR R 48l DCCTool BEAT Rl BT 3K 45 A AT H 7 3G 5 A A W] S EAE AR AN (.
JITASE I PR AR R R e — A LT ) £l BB A A S T ek A O P O A B B R 42 AE Sun A R ER AL A
THIHT BIB A SR UG AT 45 B ETB A4 5 1) SFF A R 0 I AR U Ay B AR B 1% R R M R AE
DifeFI Y 35 RATACR IR EIB MM T A R B (RS SRR BRES IR T B IRZ) BRI AR B35 4
A Fr, AR B R G W I T e Can il B S B0, 8000 FE R a Ak, 38 . ARk 45 b BRI et G & JF BRI
B BALS TR AN BRI 28 AN EC S 256 v X S 481 AH Tt e R

Fri s S 4 ProR A7 7 — AN FEEUE FE N HE T f 3 0)E BEas AR TS S 5 SRR R A T L DG R
(W3R 2, X B R T 5 080%E AT ¢ B0 70 Wesl ¢ &R T B ARX S b 1) 75 vk s T 248K, LA 20 1),
Xt N 7] 5,Options #44:f¥) getOptionDescription J57%. OptionContent 74 [] setContent J5 7. EnrollmentBean
¥4 1 setMedicalOption J57%. SelectionCopy #44:] setMedicalPlan /574 OptionContent 41 1] isAccess 77
VL2 BT 06 R 0 U A L 3L A SelectionCopy  #4) 7 Fll EnrollmentBean 4 £ J& F 5Z /& % Options
OptionsContent 14 {43 il J& T RS S E B AR S 210G 2L

Javadoe |Declaration | Bl Conzale 53 Problems ® 5 ® H | % -
Sterminated? DCCTool [Java Applization] C:'Frogran Files\Javatjdil. 5. 0 02\bin'javaw. exe (200T-8-15 F*F06:24:32)

total number of connectors: Z595

total number of interact channels: 194

total nurber of deadlock circles: 1, they are as follows:

deadlock circle 1
CO.0OP4!'¥42¥10--12:C49-->C49. 0P2 ' ¥12?¥9-—-17:C3——>C3.0P5S ! ¥42¥1--11:C40-->C40. 0P4 ! ¥102¥1--11:C49——->C49. OP1 ! ¥12XE11
——17:C9--»>C9.0P2!¥42X10

TPDCC mlgorithm elapsed time: 7.0350716Zms
TPDCC mlgorithm occupisd memory: 241.35828125E Byte
free&total wem 708364 2031616

begin to compute reuse freguency...
edgeincirele: [100, 294, 35, 229, 223]
fresstotal mem 705354 2031616

frese&total mem 705354 2031616

freestotal mem : 705384 2031618

connections to be sliminated are as follows:
CY.0F4!'T42¥10--12:C49-->C49 . 0OF2 ' T17H9
free&total mwem 708384 2031616

DCEMRF algorichim elapsed time: 0.00374329%ms
frese&total mem 705354 2031616

DCEMRF algorithm occupied memory: 7.1875K Byte

Fig.4 Checking result of welfare registration system
Bl 4 1R IE R Gekan il 45 2R

Table 2  Partial mapping relations of connector model

T2 EPASBULIHS 2 WU K R

Components Methods Instance  Edge power Connector channels
EnrollmentBean setMedicalOption eb 17:C3 C3.0P5!Y47X1
Options getOptionDescription ops 17:C9 C9.0P4!Y4?X10
SelectionCopy setMedicalPlan selcopy 11:C40 C40.0PA!Y10?2X1
OptionContent isAccess opc 11:C49 C49.0P1!Y1?2X11
OptionContent setContent op 12:C49 C49.0P2!Y1?X9

T LT R R 20 B B AE B . C9.0P41Y42X10—I2:C49->C49.0P2! Y1X9, Bl Options #4 1F (f
getOptionDescription 7774 H €% T OptionContent ¥4 A op 152451, LA op 541 24 5§ % 1 F OptionContent 4
fF1¥) setContent J5 1%, 3% JEEE 2.3 15 LRI 3,3 B AR 2 20 HEAT T 40 FRATT R F 19 T 40 7 202 T B B3 0 Bt
ARHE, I AR 2 11 72 7E OptionContent A4 £ P 381 i —Fh 5 4h B IC AL FL I AL A 77 7%, 52 I8 5 OptionContent #4411
setContent J7 VEAH [5] () Bh BE, H.3 W i A 71k,

1% RSB FEh , TPDCC SLVEFEIN 2 7.035 1ms, b 77 /%25 (0] 4 441.383k;DCEMRF $LiEFEIN £ 0.008
743ms, A% 7 (B 2 7188k T R 4 AL NAS T i AN EO 194,38 2285 40 295,45 MRS58 28 0 2030058

() [ F
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SR S5 SR B, 2 3 P 8 A BOMI A L AN BOA i b v I, P R S50 T R IR ) 0 2 [k 08 A b A R 2
bt ST NG RFSINE VS

4 MEEHARIE

P BB B e — T I AR R R B SO VR T — A o 2 M P o 7 2 ) — o
A B R P AP R G A ST R 2 T, 7 A A AT RO 9 30 R R B 6 1] i v i 1)
{K) SCHR, AELTE 52 2R G DB ) SEURIT 9 A0 A7 7 — e A AR R PR IR 5T TAE.

Christoph! Vi idf #1 1 TR fF RSE MK 3-SAT A3, M EIAT B F— AN PR ARS8 A8 e R4 905 A R
GERIAT A9 10 4% 3422 B (R 4T 0 R0 2% 1 (KB 2578 4 R e M IR — A 42 R B 578 e R 498 2%, AT R 0tk 2 25 1]
AR ORI AN HT A5 H G530 S BB TR PR TP R G JR A0 4 SR PE B AE PERR I 0 12 NP 2 i ARl NP
S R TR R e P 9 B 3 R 45 4 R A T S 1 Chritoph 5 24 ) 370 SCiR[17] 70 4ty bl ] 7 22 351 20 I
1) PAY o 55 B 140 5 Ak £ 2R 495 0 3 TE B8 00 A S50 A0 S o o PR 220G LT 9061 0] 110 8BRS MU AR X 43 77 2 26
SRR it R A e 2R G BSR40 5 R 52 0 (o s L e [ 24 R USRI 2 R ) D U014,
A T 3 SR A THT % o B R 4 45 7 A A i S 2 2, e R e, SR, A 2 ) A A 4 T i A ke B
FRGE5T 2% BE (389 K, 06 4R £ THT IV R 25 245 I MR I o 0 D 1 0 B Bt e 3 B0 47 7B DR A A% DL IR o ) — e 6 R,
AR VR R I — SR BEAT BF 0 45/ T ) S L G AR I, S T TR R A A ) 4T 1) A
4 1 R 1] 2 4 T, A A ) 5 80 e e

55 AR A HBU v BE A 170 JE 5 1 F SCHR[20], %16 55— b K 700 fry BB 48 A Js PR BV £ 6 R AR Y B B0 R
G7= 1 UL 2 T R 26 IR T 3 A ZEBNA T L (DD TTool), 4R FL0F 5% F1 B 61 360 10 A 5 R 2 AE 5510
ADA F& 5, T A6 H P AL AEE AT T4 A sREREE P KR A A0 B 17D B BT 9 R 22 AT S5 R AIE, WA vk 7 SR
T LU 53 Ah SCHR[1916E %] P 2 £ A2 IR 25 A 24 T S B0R GEAE 80 th A vl 7 2, R 340 T 2R ZE B I T 2L
(C-checker), i} FAJF 7% B 42 516 (02 S5 B A7 IF47 R OpenMP. %) 4k, SCHR[21]45 1 — Fh 6 FAQ B0 532z, M
BT T IR T 5 2R 50 o2 75 A7 TR KA A 1 3885 s R 2 o X R ) 4561 75 562 0 8 488 1%
7 E RIS b RS2 R S 5 A B R o A e R AR SR, A B S RS R LA
ST SCHR (22000 B 57 T b O R o S B R 2 K ) SR P K T 1 (tokeen) W 3B AT 388 £330 3o A #g  ¥%
F T DR SR AR 1, 0 7 23 W R A ) 5 A 7 R R AR TG 7 2 P 98

SO T TR 4 10 43 B 7 3 A 0 96 8 2 08 30 PR 25 22 i A B, SCRR [23 )3 1H — R T 18 R sk i = 4
R AE I A B A S 72 e 2% 0 L AR 3o 79 T L5 A P DR 2 2 10 £ 7 9 (e TR A S 4200 ) B A Ay
WO GE L 4 FE G AT, SCHRT2 7178 BT 7 (EDIR A 4 I 3 18 (JO T-failure F1 TOT-state Z540 B8 (1 3EAE b B4 H 7
S A I et R RN, T P DRk 2 2

TE DA 6E S0 )7 T, SCHR[2, 18 AP 305 1 #47 FEE 4 1h — AN 35 T4 P 1 i REHE 22, 8 SR e IE A 4L, T I T
ATC BB A0 10 R P K0 36 G B0 0 0 P 2 8, 1 4t T TG BB 2R 495 v KA 996 L 1 7 E 4 1, LA % v T 8 A 1 g
¥ TEAE B 2R G5 3 AL 11 78 B 4 1F . SCHR[28 1 HERR AR M PA(process algebra) B 24k it 1 ik A4 2 18] ) 28 AT by B
B AE £ A8 ELAT Ay b USR0S 0 ) 2 B, T P 95 LA 225 e A M BRI AT S AR — B 7 R
BRI 0 L

5 RERSREHIE

0T AR A A At v SR R 2 T O R R A L g R A T A A R A D BB T A ) L FRATT R AR R T
— P SE R R P T AL T AR T R R A & e g T 0E U call-based connector,%5 i T TPDCC Hi%F1
DCEMRP 535 DL K 7 Ik Z0 80 1 425 (1 50 v 29 SRR ) S FHZ gt o VR80T 5L T DCCTool 7 LH UE B %y V23 2
ATAT 147510 2 I3k S 4 RAR A1 E M 5 G 7 DCCTool HAS I PAT 1) 45 S 3 IR, BT 45 HA IR A vl 7 V5 B8 1 i R 204
3G 2 A TE I T A6 PR 6, O REME A 45 ) Y B 0T A A0 B0 2 5 0 ok 1 o /N B0 H R ) L G A R A )
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FR) 0 B3 2 ) R0 T SCJE Ok IR ) R, T B T R T BT g R Y AR A I R AR A TR ) L TG
VARG A A IR A RS . DR 0k, A S PRI AR 9 AR kg ) 1 B e A A T DR A e 1) AR AL T — b W AT T A Ak
BRI 7 v [T T, g B S A R A MR T SE MRS I T — P A2

FERR Y R I FE R % B 0T call-based connector {RA7E4F E 1 XML % X SO X FhAb 3177 5K,
— J5 TR AG A 5 e 42 06 3R B 20 19, 0 — 5 T e 422 00 R Ak O 5 Wy ek JEL A 0 6 b A7 80 8k T S A e v S B
BN RT LR F 3 b R g 33X R T DUASEAR) P ) R 46 50 2R ) TG oS R i, AT S RFAG) A28 T 22 1 4R i, 7E 4
P35 42 )2 L Ok 38 I M B B A T L . Call-Based  Connector H Al 35 B A Y T #44 18) A48 B W0 LA K,
i S BTN AL 186 2 7€ 70 S BE AR b R 1S 0 S 47 8 1 3 2538 e ) 45 4, DA D7 IR 41 A8 T O R 4D S o) R R 4 DL R A
AP B 4, Sl OV S BILIE Y S A B 5T AR A X L AT 4R SRR NI ST ) AR B IE R AT R A I AR
TR 44 B2 5 & A J PR A S0 A48, Y v SIS A A B, DU Bl adk AT 10 A0 110 40 1 R s R S e A A2 3% 42 ] TE
B T 5 2 1 IE A RS 2, IR A call-based connector 1 SRR TR 57 3R 22 VL R TR T 4G A
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