T HLE S 2001 Vel 2aNe. 2

£ OO0 http://www.cqvip.com|

EEAREFAIRCIIERR—FRRIEE

A Layout Creatinn Methnd [ Olgect-Oriented Pragram Visualization

% F FEufF AR
Gt ENHEGFHAAERELLIRE FrAFHENASLERRE WH210093)

Abstract

Diagrams have been conmonly and effectively used m software visualizatton. The layout

method is the critical compenent that helps to pravide a complete ,accurate .clear.and beautdul show of

the program structure- That will be useful in software comprehension  re-engineering -and reverse engl-

neering. Since object-oriented program has special hierarchical structure and message transferring.the

relations among inherited classes.functions.couplings and object relerences are so complex and hard 1o

understand. Its graph performance will be greatly improved o a good layout method is applied- We pre-

sent a three-phrase (creation-optimization-drawing ) approach for two-dimensioned graphs layout that

makes distribution of vertices and edges symmetrical .at the same time the edge crossings are few. This

method has been applied in an object-oriented programming support environment (QOPSE) and the

performance is fairly good.

Keywords

1 5l

FMEmmMNRERAZCH. AERHREF
MEROLEBESEE BRI EZ —RRRETR
BN A A EA BERITAETEELE
TGRSR TR . RE. EFNNE . ERH
HREE WA, RS REN S MR
TR, EAAFAEHE SN R E LR
WAL E, TR R o 4L 4y — 8RS KB
BB ENE R HEE SHITRAF RS B F T
W R A e AL BB T R BB T R
Wik ML 10§ R AP TT I AL 4 2K

13- Van Wijk #0730 {30 BRAAE 0 10 4 B 3
15 Ak A B B BSOHE B FNAR sk Y B 9T R4 T AT B B H0
A B T O ML R TR I E A TR
CREEEXS EBEZHTRLBEET. TR
BEHART L B -EWEATLHAMBLTH
BT EREETFERF SRR B1EE%®
EuBTREENESRUTRERLAREE.FE
FEEATRREAREN BTN TAREIES .
—RBERTOTRAETIFZEL ERA P R HE (da-

Visualization ,Layout,Object-oriented -Software comprehension

grarnmatic user interface . DUDEZEMN . EE—TH
FEABFERENTREAES AXEEE -+ XIR
HERELEGMABEEFMBAZXE. W Danny
B. Lange 1 Yuichi Nakamura # Program Explorer(”,
—fHAF CTHEFITRLLESE. EEE M RE
FHEATEE S AR EEE SO HEEkKIRT
B e e ctt 2R Reh . k.
AR TET AL R E A A R T A, T
—tTEHEMTEIRARIIGEREIRTHERAE
Bl . 4 & F 57 40 T 47 Fope &€ T 3T FE A% B B vk FUf AR
BEHUNBHAEETHAASEBFEREEN -1
BB 45F AR 4% Bernd Meyer fE X [1]P M8 . — M HE
FIEEAREZREEIHNNE. BErEERTHMA;
8 w4 T E) 515 I 00 4% BEX 87 9 2 SURR Ak B2k
AT gL .

FERM SRR (FEA -2 - EEREH
TS B A . TRITENTELERTREHN
B BN —Z/M R IEHE.T. Lin #l Peter Eades
ExRR]PES R A TR RE AL

DETRENTRD - FEARERNRENBHERL
A EER. AR R AN NS, 3

#IETTABINIT S HSHFEL RS BKWOIHER. B F WAL HRTALHEFER TRLER E46N
WL AE WRTAYAAMNAXBERZIFFEN TR E2FEES SRR M8 SLERF AR FAMEGTR,

WA REAS,
o 40 =


http://www.cqvip.com

it FEUE i O R N B SR SRR AR A B .
b kP R R B R

DETEHNMGS FERATLYTR FE&AM
M R KRG .2 TREE - TRYSE R
Bl AW E RN A PREESRSR.

BRANE
AR T L

AL iR E

B A5 4 48 T 11

Bt Tl
BAEEETRL

BREHDLEFT

B i 1438 R

Bl SiEeriigL o3

EXENMNEHCODHEEEXADELEERT
B ITERHHEHAY SRR RMRKENELY
WHE. B RTERE. FRIESRBRESSRAL
3, R E R A R BRI e iR e, (H it
HFARBFRERERFSE, AEZRABERIELEE
HEMERRBESN L. BEhd T Mo ERER
m I HERE L BT L COD BT IR F 428 — M E .,

2 COD (Creation-Optimization-Drawing ) K
i

B BRRYARBSE S ETXR . FUNE
KXF:REHETEL - EEHAERTE &40
ELRE HXIHERL BREAREREFONE IR
HUBRDAGYEEeHEL. BT REZ LT HT
ERYEATER.

LineCount =new intfa+1];

To=new int{n+17;

LayOut=new int{ (n+1> = (n+1>7;
Relaticn=new int[(n+1) * (a+1}];

EbP o BEATH. aFREE 38 . FLUEEE L
Mg m LT e a B i BN LayOut
KA+ + (n+DRERE . LayOue 183 T &85
ER® LMY ®,Relavon MR T & Bl e %
£ (i Virtual ), LineCount i ZFH5—T+ELE L
i E . To BEEERAEMARCFEEE R4S
Batan.

2.1 ZHE=ANiE (Creation)

BMETREMESENXE . FHEgE S ET

£ OO0 http://www.cqvip.com|

.

WAL THEE HE T U Y EE R
L TTARNEM PO S TS H T SRR E
SR DB MR ERE SN LR R EEIC
ATAESETENT OB .

Wil MG R R RO B LB e
ECEEEMN OATH- - oS LayOur i 3R
o b g - EIER O BT MERE,
HARSHEAEHBEREEE. BEAGRREEY
Depth St & - T S ATEEHR E T {E LayOut
R SEAT T B E AT D E MR LayOune A3 F 5 3%
B.HEBATESACHEMN LayOur  FBTERET
= P HEEH LineCoun [iIJiRE L fTHF L -8
s
thEVER R E R AR R E aE
—PEMRANEMEY EFEES T HLAE
FIEESTHERER XA ENEE M B0

Depth (class} = Depth (max ( Deprh (class™ s Fatherl ).
Depch{Class’s Farher2).---2¥+1 if class 1s a subclass or
Depthiclass} =0 if class i1s a top class;
1. %5 LineCount,LayOut .Relation B {HO;
T RAEXARFEAENRUHE— TS SNET. BH
HEMEN S M S A ID RS LayDut #
1from 1 to n
begin
int L=—DepthtMNodea ]+ 15
LineCount[1.0++;
LayChut TL # (n-+1) . LineCount[L. ]]=—Mode[i].
I,
ehd

2.2 MW (Optimization)

B e L R S h A S B
EREFHTRMAEER LMATNER g
TEERDEHRE NP 22 EEDY R TE X
Bk R AEEA .

WA ERMESS D

W — T AEE A RN S AR, i — 1 E
*EZCHEBSHFHNE. AR RN ERR. Bl
=3 KRR B

HhitFHm kR LR ATRA T (AN R BH L5
HAMEEPSHERLERE BFCT BREEXS
HEESEE URESRALFERFAR SR —
TEMEEIE. EEMHFERFIRAEN T ER L AE,
HFEAHTE T

RILFFE - MEEF(GaHEEFFI
MBET-BERH H—T %844 Toi2qE 17
EEt e E. BRE AN EEH YIS,
ERA— TNEEST AMEBERRTEZEFHE
— M ERENRRERSKE G — D&
WG RBHENEENE ATHRMEE. AW

4] -


http://www.cqvip.com

i3 ZAL e R T 2 T R O A5 0 R BT BB b

1

- 5 3R To WD B} )
bl} }Efgfﬂ Bl EHEfE .0 Wi 2 3 LineCouae ] 4 80 {18

lerut loopu=n:leopy > 1, lowpn— — v
tforint loopl =1 . 1hopl< =haeCount T laopi]jloopl + 41
oGt loop2—=loopl—1;loop2 =0 locp2— —)

= Count P BRI 2 AL A G N

mt caunt=—Ta[locpz];,
FHEFHESL -/
[ortint leop3 = counr + | ;
]oop3+ =+

'[TEDOOPD foopt SO B 8 &5 24 40 {17 B [loop2 . loopd &
‘J-'TJ’IEJ?!—JZEZJE
then
# [loop2 loopd L B4 & & F[loopz.count + 1 57 &
e

“Ma

lcountJr Jr
T,:?I:loupzj--coum: Pl FTFEA-FOWAF TG

loopd < = [imeCount Lloop? -

i
U BT F AR AT i) 3 LoopORY B8 5F 3 B EE S Mk 15 o,
HAm .

2.3 EHIEE(Drawing)
B RERIEE (& DRSS O % dx, 8815

HFHERER.

B EIEN LA L B — MOR T &5 SAa e

B _HE¥E.

WL ERT &M RME LR SRR
ROk .
WEREN+ERERMEAHTHE. THE 8
RESHT EHELEF S TS RAEEHSR
Chab R et AT IR
HeMEN{vECSWE Dawng HiEETH® R
BB ETAEN LB, Relation 1 ] B {EBP A4k 5
S iR WmBIRAR--EXE2RES—
R T TR 1 B HELOE BUMELAS ) T (B A 28 o b J1 2T
=R E g g
R S B HE T B (T4 % XLength, 55 3
Ylength,

i B 1.8 5 S8 Rectangle[{x] ,y1), {x2,y2) 4
A
x1 =iln)l}'[‘(}(lr:ngth/(LineCount [i1*2+1)3# 02+ ,—

x2=intt (Xlength/< LineCount[i] % 2+ 17) » 2% 1}
yI=int{¥Ylength/({Z *n—13) * (2 *1—2)};
y2=1nt(Yhength/ ({2 *n—13> * (Z2%1—1});

BT &S84 R4 Relavion RO R Hik &

VB £% %5 64052 0 S 40 ¢ L 4 4
3 FMILHERAMEMLE

3.1 # Force-Directed Layout FiH:$%
Peter Eades fE3C[6]h32 HEy-— TSkt A8 R
. 42 .

£ OO0 http://www.cqvip.com|

Ispring-embedder mede ' 2 H AT NP A EE
AR ESIE BN DS FH ek Force-Tn
rected Layoutd JEH- -P2dEFRE T8 08
BN ZIETE TR 9’]5?% FF bhed 2% & of 4 A EE{E
SRR TR Lo - i E R
2 AT ELE MY EKE R SHITRITRE.
WREIET 8 WL AE B EREES A NdE
RS AR ERERE S 5SS Hh. K
HrPYREEKEATUAS M EEEN . IEXTH
BB RS AN EREEE. DiITER KBS
ETHEMEE--ERABTEXEITEH AL E
FEGERAREUENLENEMG. O TERSW
EER R EEE R EA.

3 2 ). H.CROSS ¥iE TR BHER

J.H.CROSS {211 T —# b [§ iF 5 Marhup Lan-
guageP L R IFH N TH WX A ES TR B R, X
REPEFEERELEENTR TR EEIETRES
TR, BeRRrBiEdim s sty A5
BT RN T XA BT R A B HKET
BEFRITES W S EHF K Markup Language f 8 #
HMATLNT XAB R TR ik 2 B — 1t dats,
HEME - THET R REE.

3.3 # ALF{Automatic Layout Facility) Bt $

Pacla Bertalazzi-#1 G. D. Battista ZF A 7E S [4]h
BiRE — M AR EEE RS RTT
—MALF EERXME AP LMHRLRE ALF &£
TR F] HCROSSMIATHLX LR R M Bk
Bl BUEVIAMESHAEREAEN TERZ X
B3R .

2.4 HlSugiyama method JJE- 5

Sugiyama method T 2 v A BB H
BCEREEAEEOEREEFHETUEER
R A A BRI AR B AT R e
BT HERMERR I EEEX 5 COD ¥
MER—#8. BIEMEM KL Sugiyama method
B AT EHEER A TR, i s E
T—ERBE KNI .M H Sugiyama method
NEFHEEAR.

CODHERERHETAMAE TS Od FiF
MHRHERHZER Y4 EHEFRARER
HRIEEBSH . FHE COD NS mHfgs. &
HitEBET R . ERNEHR LGRSy
FE¥ A Bl bk o SRR

4 £ OOPSE j4c B

OOPSE (Object-Oriented Programming Suppart


http://www.cqvip.com

Fuvtronment ) T C il S E TR T FRE
TR SEFRmE COD R H e ENE LA
oA - TR EFEMELE R R
R AR T R X EAHREEFEE.

SERgBER it
, B AR TH
AR E SHE
TUERE
4 g% DUL
EH

LR

Bz OCPSE Bik&#H

i FCRET HRASHEENSRE
B FANAEANRES RN CEEBEN. G
FEAFENBERENEAN KERFIKEEHT
5 1 BB B A TAESR th s s b so B TERT S — T 3K
EEEO.ESE - MeERD e UIEE X
[RI B oy FI A+ P BT TR AR 2 o AR o B e (A L
MHFEERETHRENG R FREENRESY
EEF —EER GAELEROSRA LA GREL
MBS LEATE XEESEEHN - ERTH.

£ F ¥R

1 Meyer B. Competitive Learrung of Metwork Diagram Lay-
out. In; Prac. 195 IEEE Sympesium on Visual Languages
2 Lwn T, Eades P. Layout Creation Methods For Software

ea

71

10

1T

12

£ OO0 http://www.cqvip.com|

Vicudwanun Software Visnalizanion, World Soennfe
Publishing Cu Pre Lud 1596 0] --82

Croen | HoHendna T D Language lndependent Program
Visnabtzatign. Software Visualization. World Soennfe
Publiching Co. Pte 14d .T994 27--45

Bertolarzn Pooer oal. groph  drowing. TEEE
Trauz. un Sefrware Engineertng , 1995.2108) -RAEZ—AT73

Eades P, Sugtyvama K. How to draw a directed graph Jour-

Parametric

nal of Infarmaton Processimg, 1981, 424~ 437
Eades P A heansne {or graph drawang. Congreseus Nu-
merantium, 1983 .42 148~ 160
Lange D B, Makamura Y. Program Explorer A Program
Visualtzer for CH*. TISENIX Assoctatiow, Conference on
Object-Onented TechnologestCOOTS) 1995, 26~2¢
Chadshoarn B J.et al. Aspects and Taxonomy of Program
Viwsualtzation. Software Visualzaton. World  Scientific
Puklishetg Co- Pte- Lid. . 1996, 3~ 26
Van Wik ] J. Scitennfic Visualizatton. Computer Sysrems
and Software Engineering.Kliwer Academtc Publtshers.
1992, 387~ 394
Sugryama K. A cogmvve approach for graph drawuwg.
Crbernetics and Systems: An International Journal,
1987.18.447~4B8
DiBatusta G, et al. Algonthms for drawing graphs:an
annctated bibltography . Journal of Computational Geom-
etry Theory and Applications,1994.4.235~2EK2
Price B.et al. An Intraduction to Soltware Visualization.
Sofeware Visualization Programmung as 2 Multimeda

Expertence , The MIT Press.1998. 31— 28

(Lix E290 >

7 Weyuker E Evaluatmg Software Complexiry Bdeasures.
IEEE Trans. On Software Eng.]1%9K .14 1365~1375%

B Kolling M. Risenberg J. Supporv for Object-Ornented
Testing. TOOLS 28 ,Moverber 1958. 23~ 28

§ MacDonald A. Carrington D. Object-Oriented Design-
TOOLS 2k ,Noverber 199R- 23~ 26

1D Periyasamy K.Lm X. A Mew Metrics Set for Evaluating
Testing Effort for Object-Onented Programs. IEEE TSE.
1999. 84~93

11 Yacoub 5 M., et al Dynamic Merrics for Object Onented
Destgns. IEEE Trans. Sotware Eng.1589. 50~61

12 Fenton M E. Software Measurement ; A MNecessary Scien-
ufic Basts,IEEE Trans. Software Eng,1954,2003):195~
206

13 Baker A L,et al. A Philosophy for Software Measure-
ment,]. System Software ,1990.12,227~—2E]

14

15

16

17

1k

20
21

22

Fenten N E. Software Metries. A Fagorous Approach.
Chapman and Hall.London, 1991, 337

Kearney ] K, et al. Software Complexity Measurement.-
Comn- ACM, 1985 ,2%: 1044~ 103D

Znes H. Software Complexity. Mesures and Methaods.
Walter de Gruyter ,Berlin.199D. 605

Halstead M H- Elements of Software Science. New York:
Elsesvier North—Halland . 1%97

Macabe T ]. A Complexity Measurement. IEEE Trans.
Software Eng- ,1976,2(4}.308~ 320

Albrechy A J. Measurtug Apphication Development Pro-
ducerviey , In: Proc. Join SHARE/GITIDE/IBM Applicanon
Development Syrnposiurm. 1979, 34~13

BEBE-REL BFEEAE B CFFIR 1970
ORI, b8 B E RS — S R
PLIZ A A58 {4. 19846

ERT. BIHCEE SRR st b B LAk RS

- 43 .


http://www.cqvip.com

