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Key Class Identification Based on Dynamic Analysis and Gravitational Formula
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*(School of Computer Science and Technology, University of Science and Technology of China, Hefei 230026, China)

Abstract: Key classes are a crucial starting point for understanding complex software, contributing to the optimization of documentation
and the compression of reverse-engineered class diagrams. Although many effective key class identification methods have been proposed,
three major limitations remain: 1) software networks, which are graphs representing software elements and their dependencies, often
include elements that are never or rarely executed at runtime; 2) networks constructed through dynamic analysis are frequently incomplete,
potentially omitting truly key classes; and 3) most existing approaches consider only the effect of direct coupling between classes, while

ignoring the influence of indirect (non-contact) coupling and the diversity of degree distribution among neighboring nodes. To address
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these issues, a key class identification approach is proposed that integrates dynamic analysis with a gravitational formula. First, a class
coupling network (CCN) is constructed using static analysis to represent classes and their coupling relationships. Second, a gravitational
entropy (GEN) metric is introduced to quantify class importance by jointly considering direct and indirect couplings in the CCN and the
degree-distribution diversity of neighboring nodes. Third, classes are ranked in descending order based on their GEN values to obtain a
preliminary ranking. Finally, dynamic analysis is performed to capture actual runtime interactions between classes, which are used to refine
the preliminary results. A threshold is applied to filter out non-key classes, producing a final set of candidate key classes. Experimental
results on eight open-source Java projects demonstrate that the proposed method significantly outperforms eleven baseline approaches when
considering no more than the top 15% (or top 25) of nodes. The integration of dynamic analysis notably improves the performance of the
proposed method. Moreover, the choice of weighting schemes for coupling types has a minimal impact on performance, and the overall
computational efficiency is acceptable.

Key words: key class identification; software network; gravitational formula; entropy; software measurement
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3) B4k % PAR (parameter relation): 28 4 R JTEAE LASE B AHERR M SHL
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8.2.2.1. Selection

Here button 1 is used to choose (select) a model element (in a list or tree or on a diagram) on which subsequent operations will take place. Multiple model
elements may be selected by using Shift and/or Ctrl in combination with button 1, see Section 8.2.5, “ Shift and Ctrl modifiers with Button 1 ”. Selection is
always clearly indicated by a colored background On a diagram, the selected model element is indicated with colored "blocks" at the corners/ends of the object.
Model elements can be selected or deselected in different ways

« Button 1 click. Deselects all model elements, and selects the one clicked on.

« Button I motion. Button motion (moving the mouse with the button down) in the diagram, not on any model element, allows to draw a rectangle around model
elements which will be selected when the button 1 is released.

« Menu functions and shortcuts. Many menu operations change selection as side-effect, e.g. creating a new diagram. Many keyboard shortcuts for menu
operations change the selection, e.g. Ctrl-A, which stands for the Select All function.

B2 argoUML #AEF At b 10358 7 Se 4

1;1:button model multiple element selection model select element model elemen2:choose% VB|element%NN;select’% VBN|model multiple
element%NN:select% VBN|model element%NN:3:in|list;in/combination;with|button;with|”:by|background;On|diagram;with|block;at|corner;oflobject;
2;1:2:3:

3;1:2:move%VBG|mouse%NN;draw% VB|rectangle%NN;release% VBN|button%NN;3:with|button;in|diagram;on|element;around|element;
4;1:selection selection 2:change%VBP|selection%NN;create% VBG|diagram%NN;change% VBP|selection%NN;3:for|operation; for|function;

Kl 3 {#iH Standford Parser fEHTIEl 2 LAS B 145 R

AE GUI B4 FEH, BRI BR 56 T 30kt T 458 402 110 10 BH SO, (B2 3F GUI 1438 2 4R AR 25 Th Re 1)
JEIAS, - B b 55 Th e e e B AN RIS G e U A4S 2 2 T R A AL O S5 i F R SR e TH Y, RES 7 25 R4t
) EZEThRE. KL, X5 Tk GUI 30k, FoAT Bk 3 UR IS Hh B A (0 b 55 T BRIl B AR R FL DS R 491, e 3o B
AT MR A SRAR BAT BT

@ PAT MG, MR PATEIZE

N T SR A8 AT I RE P TG R AT U, FRATTEE T Kieker™JF R T — NHIAS. IS KE N BB
VEARRG SR ER AT IS AT N AT 9 (R SE I 4%, ANITTWSCER AT« T B 1 A SR AT 4545 B IX S (5 B
G T R GEIBAT I AR T R IR L SEAE HAT A,

Kl 4 PR 2 AT argoUML $AT 5 WS8R B K50 43 AT B (trace) 15 8. 1B 4 HRE— A7 XS B — 2k PUATiC 3¢
(records), RE—RITILAH. FAICRIIH 10 DB, B ML 0. IR 4 58 1 47903 (AL BHEN
I 2%) B “$17°RRZILTFARIR T — DR F 4. “1712916717267212400 2 — AN 818, R %A $4F
JZHE I TE]. “public boolean org.argouml.cognitive. AndCM.isRelevant(org.argouml.cognitive.Critic, org.argouml.
cognitive.Designer)” & — M ERIE B4, H TR ZId R WM 5%, “<no-session-id>"FK I x 21 1D, H T IR
FEE F 21l “38217264962889322417 1%L 3K AT & trace [ ID (tracelD). “17129167172671937007F0
“17129167172672123007 ) 127~ 77 724 FH BT 46 5 A1 8K (tin) AN 45 BT (R EK (tout). “DESKTOP-0JCC7QM”HFid
SR LR AR EVL (hostname). “973”H TR F 1 7 VEFIPATINT (eoi). “27 RN IZ A IELEHEAR IR FE (ess).
H BRIV AIIO RS 2% Kieker 19 F M
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$1;1712916717267212400;public boolean org.argouml.cognitive. AndCM.isRelevant(org.argouml.cognitive.Critic,
org.argouml.cognitive.Designer);<no-session-id>;3821726496288932241;1712916717267193700;1712916717267212300;DESKTOP-
0JCC7QM:973:2

$1;1712916717267213100;public void org.argouml.cognitive.Critic.beActive();<no-session-
1d>;3821726496288932241;1712916717267212800;1712916717267213000;DESKTOP-0JCC7QM;993;2
$1;1712916717267214300;protected java.util.List org.argouml.cognitive.CompositeCM.getMechList();<no-session-
1d>;3821726496288932241;1712916717267214100;1712916717267214300;DESKTOP-0JCC7QM;995;3
$1;1712916717267218700;public java.lang.String org.argouml.cognitive.Critic.getCriticName();<no-session-
id>;3821726496288932241;1712916717267216700;1712916717267218600;DESKTOP-0JCC7QM;998;5
$1;1712916717267220300;public java.lang.String org.argouml.cognitive.Critic.getCriticName();<no-session-
id>;3821726496288932241;1712916717267219800;1712916717267220200;DESKTOP-0JCC7QM;999;5
$1;1712916717267221800;public java.lang.Object org.argouml.cognitive.Critic.getControlRec(java.lang.String);<no-session-
id>;3821726496288932241;1712916717267221000;1712916717267221700;DESKTOP-0JCC7QM;1000;5
$1;1712916717267222100;public boolean org.argouml.cognitive.Critic.isEnabled();<no-session-
id>;3821726496288932241;1712916717267216200;1712916717267222100;DESKTOP-0JCC7QM;997;4
$1;1712916717267222500;public boolean org.argouml.cognitive.EnabledCM.isRelevant(org.argouml.cognitive.Critic,
org.argouml.cognitive.Designer);<no-session-id>;3821726496288932241;1712916717267215600;1712916717267222400;DESKTOP-
0JCC7QM;996;3

K4 argoUML FAFHAT Ja 15 2R 70 AT

@ M PATEIE, NERFHAT IR ¥ K 2K

TERAPAT SRR, — DB R IEHE <5 R 2GS0/ . win, 457 A A5 B |, J77%: B 7T
Rt — Il v € Jrid D. Rk, —ANJ7 0 AR A B3E — A SR BT IR 3%, 1IX — 4R RN — > trace.
TE—A> trace H, FT A MiCS% B A I tracelD. MAb, eoi 3R M HTICRAETEN trace F AT INT, 5L HATHY
JiiEH eoi [ 0; ess Fon A HT 7 ETE TR AR TR IR B, Bl AT I 7 VEH ess H 9 0. B, @ 70— A
trace PN %103 [ tracelD+ eoi Al ess, FATFT LATG 2% trace W 7VEZ (B L SZIR A SR &, B0k 1 #5587 WBATHL
2 (— trace) FE MU A Z B A O R P RBULRE. FE 1 B RIZ 2458 O(n) (n 9% trace P IIFATIE3%20).

Bk 1. NPT PUTRIT VE 2 [R) i 2% 4.

N —A trace (— IR eoi [EFHFHES S 1 record iE.3%);
fr: Tk MR R R,
FOR EACH record IN trace DO
IF ¥4 9% THEN
IF record.ess<#¢ Tl record.ess THEN
WHILE # A~ A7 H. record.ess<t% Tl record.ess DO //[7]
AR T record
END WHILE
IF #%Jy7* THEN
Bk FOR 7535
END IF
PRINT “#:10i record. methodName###record.methodName” //###: i Ff
B 241 record AN
ELSE // W X4 record [ ess K TARTTT R 1 ess
PRINT “#T0 record. methodName###record.methodName”
2470 record A%
END IF
ELSE // BN it
WM record NAR // HIEETE LT, Fic AR
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END IF
END FOR

FRATCLE 5(a) W) Java AT5 B BB, 7R ABAT PLIZE IR 7 vk 2 18] FH 20 R A A2 AR B AR v Boxt 2
) GUT I A & — A R B A48, B 08 R s 8 R B A R (E. v T L P e GUT
0 b i, AT main() J7ik GZ 7 EAREARS A B ) 8 F Bookstore 25 searchBook() 7775k & AR
GUI #4E, LSRR R $AT P2, a7 I 2 1 2, RATTAT LLRAS B 5(b) B BT P, el Bk 1
AR T OTEZ AR AR R (W 5(c) FiR). BRI T BRAn R & 48, BHAT i 4% M tracelD 434, tracelD
AR RN — A, RREAE T H— trace, H 1% eoi X JE T [F— 4 trace HIic& AT FHEF. LAE 5(b)
A, BT 5(b) s&— R I7 R (main() 8 H searchBook()) 5 2 I $AT B, #e 11 B G E 1) tracelD
(6675601285158273025), J& T[] — A trace. L THFHI G, Hid kAL B IMO-@ PR, HK, BATKIZART )5 1
trace (LK) WA BIHIEL 1 v, BHEVE 1 ARYE B0 ess {E B 0B AL MR SR, ARIESE 1 AT %0, 1)
ALK ess (HRTHT— 250K ess B, X EMAE T — R0 M HE R 1T 4AT ek i J7 . B, £ 50)
W, RO ess {8 (ess=2) KT HET—&KIE KON ess 1H (ess=1), XHRRNIEFKO NI F7VZ% searchBook() W T id3%
® 777k getBook(boolean). [K 1k, FATTAI ISR 5(c) FIITAR R RO. 2) #5 MBS H ess /N TFEEET T —
20 ess fH, XA —FKIEFARERRI AL CEPATTEEE. MU, 8095 1 BT — R TI HARERE, H20k
T ess /N T ATIER T ess H, X R RARTNEFR F R 720 T 2 a0idsgk 1732, g, 7EE 5b) 4, i
FKOH ess 1 (ess=2) Z T H il —Ki1C kO ess {H, XRRILFKOXT M J7i% getBook(Boolean) S AT 5B, It
A FRATT 75 B (B3 28 B getBook(Boolean) [ searchBook() 77 %4k, 313 E] searchBook() Fl getOffers() 2 [f] 11
KZ (B 5c) PIEHXRQ). R, TA 107 LA B EARS B AR EH X R (@ 5(c)).

public class BookStore { $1;1731815295558386900;public org.example.Catalog.<init>();<no-session-
private final Catalog catalog/* GVR */ = new Catalog()/* INS */;| | id>;6675601285158273025;1731815295558183600;1731815295558203300;DESK TOP-0JCC7QM;2;2 &
private final CRM erm/* GVR */ = new CRM(catalog)/* INS */; | | $1;1731815295562346300;public org.example.CRM.<init>(org.example.Catalog);<no-session-
public void searchBook() { id>;6675601285158273025;1731815295562335100;1731815295562342600; DESK TOP-0JCC7QM:;3;2 @
catalog/* ACC*/.getBook(false);/* MEC * $1;1731815295562375900;public org.example.BookStore.<init>();<no-session-
erm/* ACC */.getOffers();/* MEC * id>:6675601285158273025;1731815295554350300;1731815295562373300;DESKTOP-0JCC7QM;1;1 2

} $1;1731815295563238100;public void org.example.Catalog.getBook(boolean);<no-session-

id>:6675601285158273025:1731815295563217900;1731815295563233800;DESK TOP-0JCC7QM:5: 2‘

}
$1;1731815295563287100;public void org.example.Catalog.getBook(boolean);<no-session- ®
public interface Cataloglnterface { id>16675601285158273025;1731815295563281300;1731815295563284900; DESK TOP-0JCC7QM;7;3
void getBook(final boolean complexQuery); ’$1 ;1731815295563295200;public void org.example.CRM.getOffers();<no-session-
} id>:6675601285158273025:1731815295563270800:1731815295563293600;:DESK TOP-0JCC7QM:6: 2
$1;1731815295563302000;public void org.example.BookS tore.searchB ook();<no-session-
public class Catalog implements Cataloglnterface /* IMP */{ id>;6675601285158273025:1731815295562400500;1731815295563300400;DESK TOP-0JCC7QM:4; 1)
public void getBook(final boolean complexQuery) { $1;1731815295563311700;public static void org.example.Main.main(java.lang.String[ ]);<no-session- a
nothing to do here id>;6675601285158273025;1731815295550527700;1731815295563310200;DESKTOP-0JCC7QM;0;0
! ' (b) 313 ftrace
public class CRM {
private final Catalog catalog;/* GVR * public static void org.example.Main.main(java.lang.String[ )###public org.example.BookStore.<init>()
public CRM(Catalog catalog/* PAR */) { public org.example.BookS tore.<init>()###public org.example.Catalog.<init>()
this.catalog/* ACC */ = catalog; public org.example.BookS tore.<init>(}###public org.example.CR M.<init>(org.example.Catalog)
} public static void org.example.Main.main(java.lang.String[ ))###public void
private void getOffers() { org.exampl e.BookStore.searchB ook()
catalog/* ACC */.getBook(false);* MEC * [public void org.example.BookStore.searchB ook()###public void org.example.Catalog.getBook(boolean)| 1
} lpubhc void org.example.BookS tore.searchB ook()###public void org.example.CRM.getOffers() ];Z,
} public void org.example.CRM.getOffers()###public void org.example.Catalog.getBook(boolean)
(a) 7R BIARHT () SFBIITTIEF IR R

Bl5 5k F OC R HUR
IR T R O R G, FRATTRT DU J7 15 (1 58 BE 25 42 v 3148 D7 vk I EE B 258, T vk 2 T ) 1
KARME ATIEERZ B R, Flan, 7K 5(c) F, @FrkriR 5% R (searchBook() F getOffers() 2
) B R 9% 2R W] LA 2K BookStore FIl CRM AR 96 FR. 2%, FRATTAT DUSRAR R A AT I R vh 8 2R I
A, LR Z R FIR AR A&,
@ XEHEEFATY R
B 7 IR0, B A R (BRATHN R 28) A s R B R H SRR AL AT, 4 DO ANBCS I8 8 A Re B
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I B AT 77 AT R ER A IR, S5 N E B AR T B e, 3R EEARRUS AT TR G R,
T B o B4 1 8 SRS T E I B (S 07E), A B ST ISR, FASEEiTN EES S
TR A ok, MRS AT A A A H SR, W SR B € R T, BAEMASEES 53
TOERIR A 280 TS T BOABE S VR O, DU T RIS, shas o ir sk & T LA 3R ). 78
A, FAE BN 2 A 3RS RIS B 45 AT AL, RIS i AR bR T — SR ELE I 22K (b
KF) FEOL WS, XTTRES X HEF 45 =k — 2 g, R, T R EWEBRIX Az m, AT B i
AT ERATY 70, R IR TE VL E e IR i R 2. B URIAR 2 ot .

SR 7R M T HT I FR A 2 IT CR A 54915 B LR Y CON. BN F.

o 0 (B R) 2P 78 B AT iE IR B4R A A “implements” Fl “extends” S HE 7=, AT LAHERR IR 738 53h
R OGO RN ARR, AR EEB O RN R, HA R w4 &M eE. AL THES
HT15 2] CCN, F+LABhZ /BT e i e /5, 1B S K &R (implements Al extends) 2544 ] 1B, R BN H E 82
SRR SR B2 O R AR E I RS, e R BI24E . DLE] S(a) AR5 H 192K Catalog J9#il, A CCN 1
FATTRE IR A H 2K Catalog SEIL T #2 1 Cataloglnterface 1IX—2% &, RIMFLESNZ 24T Cataloglnterface # [ 3K B+
HEAE 7y R B L, FATTAR T LK 32 O CataloglInterface 538 Catalog #EATIREK, 9 7 B84,

o MY 78 AT HE TR AR S5 8015 B XA CON, iRl 3hZs o A i SR T 28,
FFE— B TR SRR LS R A EAR BT A TS TS R DU B R A, I RATR
FEIAI EHRER ACC K FR (BIEVI MK R) KT HRIBLE MM ZE SO B0, STk R 1 s
[ B, BRI R R (R AR T MO R B BB 2, BRI T LU A 28 9 R B R A .

® HEF & R 1A

PAVE R 78 5 1 G X HE P 4 ST WO, RIS T-ZEWI B HE T R HELE AT kx| V) (k 9E 2 Eo) BUAT & (k %
) 13K, VERTFHIR IR AR BREAN 2K, R RAEE T T RBERISEES, WA SR o< V+1 80T e+1 A8 12K
17584, LLHAYG B B SRAE AT RE 20, I T HE 5 LR IR OGBS U IAE BT A< |V BYCAT & 2R AR EE.

2 SRRt

T K% CDAG FVETER M R BEUN HIG 2hE, AT T — R A SL5. ZEARSCH, CDAG 75218
F JDK 17.0.9 #I Eclipse 4.30.0 JF & 1), FrA B S:50 £ — 6 2%H Windows 11 64 f7#:/E R %, 2.60 GHz ¥ 13th
Gen Intel(R) Core(TM) i9-13900H CPU 1 32 GB £ ThinkPad %45 _E Sz jifi ().

2.1 R SZIXT R, 5 2.2 AR TR, 8 2.3 WHEA A TR TR BUR M B AR. 5 2.4 YR e
B PR 45 SR T ot 45 M. 48 2.5 T4 SR A R AT 20 #.

2.1 LXK

SCHR [10] WeBE T A SRS SRR 5T A R I B SR, W T — MBS 18 /) Java B4 L OGS 4R
£ RRATHTEN, KR4 A IR BRI BB BAR R, A SCMZEAR S FIE H T 8 MR AT Sk
I . FATARE AN 10 M4, FEH TN 4 SRE: D A REFEM R E R GHREERIETRE
WA EAULE), F A sk 2) B (BTCIEIR B FAFIEAT 2 AU SO BRI PE; 3) IDK WA IS B, ToVE A i
BATHEE; 4) 38 GUI RGeH b N B B FE] (3l B st B ik ).

ASCAE R AR 3 B, Hod, argoUML & — 3 OJF IR UML @4 T H, T OI@& M4 UML B
JEdit 2 — IR TR T 2SR AR A, SCRE 2 MR iE 5 VS s e MG 2 ; jHotDraw & —3K Java HESE,
Tl 2D BRI, HIREE T BRI RE; Meter & —FITRI Java B FFES, FI TS0k A0 14 e I &
Mars & —/MFFE Java U H, 807 T @ EHUER, DR R KR FE T NKE B SIS P25,
Maze J&— 3K H Java SEELAIRK &35 %%; PDFBox & —> Java [, HI TG . #/ERIFLE PDF STRY A 25; wrodj /& —
A Web ZHFALACHEZS, Fl T R 46 A1 2 JavaScript Al CSS HH.

FIBLH TIX 8 MRAHIIEAG R, ORTH A/ RAS . RIGITHEE. WiE. ROHE. ik



FAEE S AT A AT HaKa) L4 L5 11

JE e R ORISR, RAEIATUE A T 8 FAR I, (HARZ AT BATHIEE 7 £ K R2I, ROYIX L8 &
SGEARG 2 CRAAN RS FA AR KAL),
K3 LRAGMEARE I

WiH A ARRBAT # 2k R JriE TR REEREL
argoUML 09.5 74334 67 846 6178/2851 12
jEdit 5.1.0 112492 41 1082 (9) 7601/4085 7
jHotDraw 6.0b.1 28330 30 544 5205/865 9
jMeter 2.0.1 22701 42 260 2000/834 14
Mars 3.06 132589 95 1085 (32) 11105/5738 29
Maze 1 8881 6 63 (6) 563/284 27
PDFBox 2.0.7 135514 109 1285 (33) 10482/4792 12
wrodj 1.6.3 33736 99 567 (9) 3256/1274 12

22 wbEAE

N T K% CDAG J7ik A etk BATNBUA B FC k£ 7 11 Flo7 ik Nt H 7 i%: h-index\ a-index").
PageRank!'"*", PageRankBR!"?", k-core!'®. ICOOK!""), PageRankIVOL™!, ElementRank!’. Pridel,
MinClass 1 iFit™, BA TSI 71X Lf by 32z, 10 L I 2 e 31 I 4 33847 77 6 B2 1 R 88 (U 2 38 #
KA RGTA ) TT IR /ALEEAE), DA A pl 5 X et 7 v DU TC HR KA X 24, DATTAS I AH B 285 SR 30 20 A AR
W s L7V, EELR RO BA T8 = 2 0% 045 BoR EIUARATH AR, [EIR, A B R SR 07 V3 R e A
XTECITVE, EER AR A I TR R R R AN IR, 45 RIS BAS B, T T B T R i 4 R
TEREAN BRI K TE M B 7 i 5 B 7 VR AT X bR AN K B, [, 25 I 5k Ll vkt e A 7 AR TR
FKEENMAY, FEOCER AT AT, TATHRRA T3 1.3 5 i RSB A E 1 .

X 11 Floxf L VR R R A R

o h-index: % VER T SUTERAR W28 Th 1) A48 401E D BT

o g-index: I VER RN RAEAF LS 1) a-Fa B/ H E BMEAA.

o PageRank: %7 VA{{ i PageRank H2 01 52T s E IBUA [A) 30044 P 2% o i a2

® PageRankBR: % /7¥% Y PageRank 7775, R E X HITET: & R IGTAF ML R AFTES 4 3128 B A ML,
2 ZITFENEIHINZE B 2128 A WG 1114, F HUAUR JF R —F.

® k-core: 1% 5 VENG T B AE AT 45 IR A% 2 (coreness) /R NI B B, SR s I BUR 8IS k4% 90 fif (k-core
decomposition) B L THEAR R

© ICOOK: %7 14 ST mi A2 TR A X 4 o (1) — A A% 3L (generalized coreness) 1E L BB, 5 pi i — Ml
el iE — M At k-core 43 fi# (generalized k-core decomposition) v+ 515 2 1.

® PageRankIVOL: 1% 7 5 PageRank J7 AL, B AITET: 7EIRBE R AFER 28 4 BB MHALIE 4K B 1T
T2, PageRankIVOL #—30E BT 4 5 B Z [W45 114 AR 1EBEALERSE ¥ 4), PageRankIVOL it —25 T W
25 )T AL

o ElementRank: 1% 5 V244 B 4 2R 2K 1) 2 J2 5 AE X 2%, -4 PageRank HETHHE— MG p 2R3 S E
TV, TS R AR R B E B RS B R AR M.

o Pride: % /7% Y PageRankIVOL J5 %354, X FITET: TERENLBEL T 5), Pride BE—30 58 T 4% o1 1
FRRE  ILRE B DX 245 P 5 88 T R IS .

® MinClass: %755 TS T — NFiE47 OSE, HE M OSE B G RERF P HE T

o iFit: 1% 7713 T PageRank SLIEAWEL 7 ML S AL T — N Hidibs CG, IR CG BB 24k
2.3 PN iERR

BRI A 2 A VI R AR B TS AR (Precision) B [BIZ (Recall) F F1. F-Fabr 0 HARE LUTF:

TP

Recall = ————
ecall = 75 TFN

12)



12 RAFF AR SR g K o e il

TP
Precision = ———— 1
recision TP~ FP (13)
2 X Precisi Rec
Flo X Precision X Recall (14)

Precision + Recall

HH, TP (true positive) i PRI N SR ) SEBR R S BRI S FP (false positive) 8 1R IR S8R 2 1) S2 b 2 3E
REERIEE; FN (false negative) T8I VAR I EE AT SR & R BRI, TN (true negative) 8RR EE
1 SEPR 2 JE BRI R, LAk, ST ISR 17 @, Recall. Precision F1 F1 1754k 38 & —E1, BN Recall
KT 53 Precision F FI KB K, AT 7 [FIRFHRIE Recall. Precision Fil F1 31X 3 M45R. A (12) W,
I3 TR BRI S Rt e R SR IR, 2 BESE bR L3RR K e — AN b G BSR B R, Recall SE
B b SRR F2 R 58 7R IR R 1 OB SR I LU 5] T vEieF, B Recall fHFEK. %T Recall AW LA H 4R RBIE—T5
TRAE DI AN 5 TH P e, TEBAR SR I8 4, A SUIARIE T Recall II45F, FoAtAE DS HUE 2 25 57T LU https:/
github.com/wfpan/CDAG &b T %K.
24 FLWERRSH

A E ST 5 AN R BRI SE5.

o RQI: TER B AL AT 15% 175 RN, CDAG 7& 75 LAY J5 12 58 2402

o RQ2: TER B AL top-25 177 A, CDAG & 7 LB Jr i A 302

® RQ3: B 73 A af KR Ul 2 5 147 242

® RQ4: A [AIRALT 5%t CDAG fIMERE 2 75 A 5 ?

o RQS5: fEIZ{T AL J5 1, CDAG 72 5 7172

PAVZEE 1 PRSP EAE CONY THE I E T M XIS T HE 7 FIxt &5 F AT b, A& BRE ¢
BRI AEATT o, JRATH B SR BT B 00 TLAN I 5 o) R R i siE ey, VAR VE IR R

RQL: TER AL BT 15% 719 miit, CDAG & &5 LA FE A 20

H A O A DR BRI T %, AT I ERA TR 1 1) CDAG JPETE RS B2 EL LA I 75 ik 24Ok
S FATE S RV BE b BUE 1%-15% (BN 1%) BIE I, RERHEAE AT x|V (V18 CCON H 1 580 19380
ML, B 6 Fn i) AR TTE CDAG J 11 Fonf BT EAE 8 NEAE. 15 DRME EER RIS R (Recall
{H). 7ERE CON B, A TR A DWM A A 2 )R8 45 AL

1.0

1.0
0.8 0.8
306 306
=< 04 = 04| 9
0.2

02944 |

0

0 2 4 6 8 1012 14 16
k(%)

0 2 4 6 8 1012 14 16
k(%)

0
0 2 4 6 8 1012 14 16
k(%)

0 2 4 6 8 1012 14 16
k(%)

(a) argoUML (b) jEdit (c) jHotDraw (d) jMeter
1.0 0.40
- 0.35 10
0.30 0.8
0.25

0.20
0.15
0.10
0.05

Recall

0 2 4 6 8 10 12 14 16
k(%)

(e) Mars

——a-index

002 4 6 8 1012 14 16
k (%)

(f) Maze

0 2 4 6 8 10 12 14 16
k(%)

(2) PDFBox

—o-PageRankBR —-PageRank - ICOOK - /-index ——k-core
——PageRankIVOL —- ElementRank ——Pride

——MinClass —-iFit —~~CDAG

0 2 4 6 8 10 12 14 16
k(%)

(h) wro4j

Kl 6  Recall@top-k (] DWM A RIZEBIHE AL, &k N E 7t )


https://github.com/wfpan/CDAG
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HEF F AT EAAG] AKXt KR A 13

M6 FTHN, 2R DWM i CON HA [F B RS IRAUR: 1) BF —FhO7TEEEX 8 N REEH 15 AN EE L
WM B 45 3 2) MBMEE T 15% I, B} T Maze REGL2 56, CDAG fEHAL 7 MRE LW T (@EAZET) 11
FhXT 79235 3) BERMEM 1% LUK 1% N2 14% 1 FEH, CDAG 7E K& T T (B4 ZET) HAth 11
At B 5 4) TERB - BIME AL, CDAG Eb iFit (40 jEdit /£ 1% 1 2% Ab). ICOOK (Ul jHotDraw [ 2% 1 5% 4b)+
h-index (U1 jEdit ) 2% Ab). Pride (41 jEdit 1) 2% 4b) B8 2. 25K H OWM EL EWM 2 CCN HAS [F] 2R B 8 A I
B, FRATTHAR 3 7 AL 25 5 (S5 R & 7 & 8 Fiw).
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——a-index —o-PageRankBR —-PageRank < ICOOK ——h-index —+k-core
——PageRankIVOL —- ElementRank —— Pride —+MinClass <-iFit = CDAG

Bl 7  Recall@top-k (fli [l OWM N FZEE L SIRAL &k N E 73 )
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0.8 0.8 0.8 0.6
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(e) Mars (f) Maze (g) PDFBox (h) wro4;j
——a-index —o-PageRankBR —-PageRank < ICOOK - /A-index —k-core

——PageRankIVOL -o- ElementRank —— Pride —+MinClass <—iFit =~ CDAG
K8  Recall@top-k (] EWM AR ARG G IEL, & 9 71 20 LEAE 30)
WHTPnE, WAl —MITIEAERTA 8 MRS 15 B _EARRILI S lr . XA EIATHE— B i A R TTVEAE B
MFREE (8 MRS ERBARERE. ik, FA115] N T Friedman K3 (Friedman test)*”. Friedman &5 /& — M2
Bt ie ik, aTLARYE A R A R AR — MR BRME AR 1 Recall {8, V545 E BME LA F 7 AL B A
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WU B HRA AEASC, 12 ORI HEA s 9 B, HARRI PAE (23 MKF) 12/ T 0.05, X%
WA 45 RAE 28 SR B e (AN R E 2 1B B 2 57 ), REZ L5k 2 AR R 22 57 T — DN InE R A BOR M
Recall 8, F7R1ZITIEMERERRET. FERRAE Recall (AT AN T7i0E 47 HEA4 I, Friedman A 360K N L0F ) 75 4 70 BL B/
KIHEA B (Rank {8). MIET 9 AT, CDAG fE 3 TN A AR & BT 3UF, JIHEAESS 1, B CDAG HUS 1 e df i)
BAAPERE.

12 + 12F
11 + 11+
10 10 ¢
9+ 9L
- 8 ~ 8t -~
S 7L s s
3 I 7+ 3
&5 6L < &
6 F
| T
3 I 4
2F 3r
2
k(%)
(a) DWM (b) OWM
—o—a-index —o—PageRankBR ——PageRank ——ICOOK ——h-index —>— k-core

—o—PageRanklVOL —o— ElementRank —o— Pride —=—MinClass —— iFit —o—CDAG

B9 12 FOREEAFIRAT 3T BT (Rank@top-k, k N 43 ELIE)

FR4E Friedman A2 50 A 45 1, FRATTRT LA 418 TEREE AN BT BT 15% (9719 550, CDAG WA 5 &L T
HAb 7%

RQ2: ZEM B ANHIL top-25 IR M, CDAG & 75 LL LA J5 VT A %02

RAEA TAEH IR 15% 1ENBRE, RS F— S B K RS, R EHT 15% FIZRAE 5% S8
2, ARl R &t 2 AR BS540, PDFBox L5 1318 AN (I 3 iar), IR [BI AT 15% MIZE8 24450 198
ANAE IR GRS, SR Z R A LR A 12 N FLIEIJGHES. ik, 198 Mg ik S5 R 93.9% #B & AR 4.
FEARA o, FATSIEBE & BUE 1-25 CEKA 1) BRI (RS R AR top-k FIZERE A% 1k S %), LA & A7
AU B AR B B MR B 101 12 B 2 AT 510 CDAG K& 11 Fhxd L7 vEAE 8 AN fE 25 M
B FERMLE R (Recall {H).
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. . . . . =0.1
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~ 040 06+
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0103 0 ‘
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(e) Mars (f) Maze (g) PDFBox (h) wro4j
——a-index —o-PageRankBR —-PageRank < ICOOK ——h-index —k-core

—-PageRankIVOL —- ElementRank ——Pride —+MinClass <-iFit = CDAG

10 Recall@top-k (1 F DWM NSRS AL & A
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ML 10 A%, 24K H DWM A CON HAR[RISEAY RS & AU 1) WA —FP 7R EX 8 A RGN 25 MRIMA
AbERERAR T S UF LS, 2) 75 argoUML &R4iH, CDAG BT (BIAZET) HAth 11 Fixt tJ7vE; 3) B argoUML &
i 4, CDAG TEHB > BI{E AL EE iFit. Pride. MinClass. ICOOK. k-core. h-index 257757, 24X OWM B, EWM
79 CON AN [ R & S8 BRI, FRATT A5 38 1 Al & 3L (&5 & 11 FIE 12 FoR).
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$ 0.4 3 0.25 5047 . - 804
=03 = 8%(5) & / <
0.2 0:10 F 77
0l 603 |- 02r A 021z
0 -0.03 0 fooddeddd oo0 0
—0.1 —-0.10
0 5 100 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
top-k top-k top-k top-k
(e) Mars (f) Maze (g) PDFBox (h) wro4j
——a-index —o-PageRankBR —-PageRank +ICOOK - /-index —k-core
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B 11 Recall@top-k (ffi [l OWM N7 [ 2R AL A A
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——a-index —o—PageRankBR —-PageRank < ICOOK - /-index - k-core

—o-PageRankIVOL —- ElementRank —— Pride —+MinClass <-iFit = CDAG
12 Recall@top-k ({1 F| EWM RN AFIZER 8 A TR A

5 RQ1 2L, FATH A Friedman k& 403E— 5 /0 B A TR 5 AR AR (8 MRS LAk dEae. 12
FhOF R HEA A 13 B, HARRET PAEIIE /N T 0.05. IXRIAFRA RIS RIBL RS (AR MBEHE
Ze 5y, B e 72 (A AP AE R 22 5. B 13 AT 4 1) 248 F DWM AR AR A BB, CDAG B &3
il 11 Fh 5 ik, IUTE top-14+ top-15 AbME 2T iFit J7ik; 2) /£ OWM Al EWM Fi A AS [H] I AE A 2R BUR BT :UF,
CDAG 5 iFit AH LR, (H2 B BT HAth 10 Fixy b 7732
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T HEIE WX L CDAG 5 iFit BPERE, FATHE— 21 E T CDAG ML iFit ) Win/Tie/Loss {8 (3T
Friedman &% 45 5D, 45 R I0% 4 PR, 7£% 4 #, Win {578 CDAG T iFit BIIKEL, Tie (ARRHEA 71k
Recall fA—HEHIIREL, Loss {H#E 7~ CDAG Z T iFit 1¢X %, DWM/OWM/EWM X3 CCN i AN A i 5 KA A [
BAIHIHE AT, N2 4 T4, 7 DWM TR T T, CDAG 7E 20 BB AL T iFit 535, 16 3 MEIME AL S iFit #
fe—FE, 75 2 MEIE AT iFit J7ik; £ OWM AT AR, CDAG 7E 14 AN BMEAME T iFit ik, 78 3 AN RME A
5 iFit YERe—FF, 78 8 NMR{EL S T iFit ik 72 EWM BT 20T, CDAG 1E 13 MRME AT iFit 773, 75 1 4
HE AL iFit ERE—FF, 72 11 ANBIHEA S T iFit 77k, Rk, WIS, CDAG 7E 47 ANBHEAME T iFit 77i%, 78
7 ANRMEAL 5 iFit PEAE—RE, 76 21 MREAL S T iFit J7i%; #5 2, CDAG 7£ 54/75 NMRME AL A 2T iFit.

12 12+
:(1) ol W
9 10 - R
3 T R .
N
=< 7 -~ e
= = =
S 6 S 3
< x S
5
4
3
2
1
0 L L L L L L L L L L L L L L L
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
top-k top-k top-k
(a) DWM (b) OWM (c) EWM
—o—a-index —o—PageRankBR —~—PageRank ——ICOOK ~ —+— /-index —>— k-core

—o—PageRanklVOL —o—ElementRank —o— Pride —+—MinClass —o—iFit —o—CDAG
13 12 FIPEAEA R T P84 (Rank@top-k)
# 4 CDAG HIH iFit ff) Win/Tie/Loss {&

LD DWM OWM EWM it
Win 20 14 13 47
Tie 3 3 1 7
Loss 2 8 11 21

FE 4 Friedman #6556 1945 A Win/Tie/Loss {8, FATTAT LAMS H £518: fEA B AT top-25 9715 fil, CDAG M
BAKT & W0 T HoAth 77 7%,

RQ3: ZhA& 43 M i T8 2 & B 3H 302

WE 1.3 WATR, A SIS W T CON A GEN WA ik Sei s (Wb HEr 45 ) b4t ek
o, BAVKAS I Z A ERAE A R Nk, BATE CDAG i <HE 7 &5 FA A 5 IR Ao, M T — P i) o it
FR 772 CG (identifying key classes using gravitational formula), 3814 %tk CDAG #1 CG fE[A—AN &G, [H—
AN BRME AL Recall fERATT A BRIERIBOR. 5 E3CEREL BAT ka5 7 BEA I 15% (AT 15%) FlSEA
HEIT 25 (top-25) PIFME I T RIS SR (G5 R WKl 14 RIE 15 FioR).

k (%) k(%) k (%)
(a) DWM (b) OWM (¢) EWM

—o—CG (argoUML) —o— CDAG (argoUML)——CG (jEdit) —v—CDAG (jEdit) —<—CG (jHotDraw)—>— CDAG (jHotDraw)——CG (jMeter) —o—CDAG (jMeter)
—o~CG (Mars)  —+CDAG (Mars)  —o—CG (Maze) = CDAG (Maze) —o—CG (PDFBox) —+—CDAG (PDFBox) —v—CG (wrodj) —<—CDAG (wro4j)

K 14 CDAG vs. CG (Recall@top-k, k 975y ELFER)
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(a) DWM (b) OWM (c) EWM

—o—CG (argoUML) —o— CDAG (argoUML)——CG (jEdit) —v— CDAG (jEdit) —<—CG (jHotDraw)—>—CDAG (jHotDraw)——CG (jMeter) —o—CDAG (jMeter)
—0-CG (Mars)  —+—CDAG (Mars)  —o—CG (Maze) = CDAG (Maze) —o—CG (PDFBox) —+—CDAG (PDFBox) —v—CG (wrodj) —<—CDAG (wrodj)

K15 CDAG vs. CG (Recall@top-k)

RN E R, B 14 FTE 1S A TEEME S T CDAG M CG 7 8 MR & RIxt th & 1. ik 4 R TH
5 AR 4 (10 CG (argoUML)), R FE B[R — AR CDAG Fl CG ZIAIHEAT. Al 14 FIE 15 145
Rulsn, A RS . EFTA RMEL, CDAG #ET MR CG.

M CDAG 5 CG X} Eb &5 B a] 0 FEA B AL BT 15% (BR top-25) I s, A Sh A 0 %o 4 St AT A4k
BT T CDAG J7 P RE.

RQ4: AREIFIRA T 2% CDAG HIPERE & A 522

A 3 Ry CON AR [FIZE B B A A A (5) RN, AR 2 F 2 BRI 28I GEN H. &
A IS FIFRIIRAUT 2% CDAG J7 i RE B2,

ME 6 8 AT 411, TEAF AT T, CDAG TE Rl —A™ & 4t (1) 324N RE T BB Ak I AR 30 B A A8 R B4E. 50
1t argoUML BJBME k=2% At, CDAG 7EA [FRAL 77 20T HE 735172 0.500 (DWM). 0.667 (OWM) Fi1 0.583
(EWM), iX S6 i HASAH [F]. 3% 3 B AN 8] FRTAS 7 =00 45 A — & . e b, A3 Friedman #5363k — 25 434
EBAMIRE 8 AN FRE) L, AR 4 CDAG HAERIRIT. CDAG 72 A R X T RIF 84 i 16
FioR, FARE) PAE (BE KT ¥ KT 0.05, X R BAT S Fie sz R 8%, BURE 7k (a3 AT 38 2 5.

24 —o—DWM 267 —o0—DWM
—o—0OWM R
——EWM
22
=
5]
=20+t
1.8 F
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25
k(%) top-k

K 16 CDAG JHEAEARIREUTT 50T #9- P2 HE4
MRAE Friedman 4546 (K45 R A AR P A, FATR LS I 4538 AR 26k CDAG MIPEREBCAH &%

RQS: fEIZ1T 34 Z Ji T, CDAG & T AT?

B R —Fh S ) SRE IR A /7 v, CDAG T B AR TEA MM R G s 802 AT EE ). 8 T V-l CDAG
e, TRATIRER 7 HAE 8 FXLIRHRAF b A7 S B U 5 BT (1 B[] B .

ME 1 0%, CDAG [ (B VEFE R ZRIFET 5 AN (1) RIS HIME B, TR AL, ) IR RT
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GEN 8, F-0 854418 GEN H T RE P HES; (3) SRELIEFE; (4) PuAT I 51 LAIRBUHAT SUZE; (5) S BT duA T30
75 ASRE 1 9% 28 S 284, R0 SRAERAT Y 78, R0 45 Rk T Ak,

M 5 TR 78 8 ANSE6 Z 45 b, CDAG ¥JAT AAE 35.5 min 58 <43 R I 5%. CDAG £ jEdit &% L
it %2, 4] 35.46 min; 7 wrodj R4 LAERT B/, AU T 40 3.53 min. B4k, BAFRATTA: B I3 A 1 B0 R K,
AT — AR B R RERT 35 7E 22.98 5. 4 T H& = S 6 (R85 R, I 91 R BAAT R i S 6 25 1Y) 10 A A A 7 )
— (A BRI TR, e E 2, 5 R (4) XA AT BIRE R R IX 10 AR L AR HR R B 2 IR A AR 0 P B AR
% 51, PDFBox F wrodj 3 (3) ¥/ FIFERT v 0, iX R ERFAEARAE GUI 3AF, TAEA T IR 4 B
PRI A, XSS A AT E T 10 ZATLAENS S, toh, #E M BATH 12 DWM X FIEAUT 2.

TESEI0 I AR P AT TR I, BT T8 R B S AT 5, AR B0 2 AT R ARFERS [ 9, D9 T 1R jEdit (LB
1091 AN28) H 825, CDAG B4 FET 4 35.46 min. & R T K, THAETE S 2%, CDAG R 5| b i e g 25
VG FEIT T 2 (R ARXS T EA SR AR 3 B BT 55, 33K a5 ) )1 B I8 2 1T DA 32 1. b, BRATIE v] LLAE R 4L
2R R IRERAT P2 I AR RN FE R, X AR T AE RGBT IR AR BAT B, AT kit <SRBI A 45 A AT
W32 B3 B AN B 9 FE IS R ER T, SRR 1T 48 7 V2508 4T IR [

5 CDAG {E#SEI RS E RN EHFE (s)

FEIH 4> argoUML jEdit jHotDraw jMeter Mars Maze PDFBox wro4j
(€)) 37.3 43.4 17.3 12.4 40.2 1.1 28.5 132
2) 22.8 112.4 21.8 2.9 72.7 0.3 183.8 243
3) 1028.7 1623.1 819.1 1664.8 945.3 648.6 0 0
4) 282 324 210 225 528 108 299.5 169.3
) 67.2 24.8 9.1 9.4 387.7 24.5 1440.3 4.99

SFEI 1438.0 2127.7 1077.3 1914.5 1973.9 782.5 1952.1 211.79

HRAEXT CDAG 7555560 RS0 I TR #E K 08T, AT T0] LIS 4518 CDAG 1EIZ 17 30 J7 i & 1 LA 32 1.
2.5 BHMEHHF

AT MAIE R et PR RIS 2t 3 A5 T S8 BT AR 45 SR 1 skt

(1) M o

AR R 2 B OeyE S0l P I P8 An 2 VR R B T AR RS, A SUE A GEN WA R S, IF
18 Recall PPN 57 P RE. o, GEN WIRAES5 K £ FE VT 2K 0 35 B2 Recall & [R) 28 T4 o3 3 51 FH (K0 9PA g
b, B R R R R 1 S BE2E LU ). SR T R GEN F Recall 16115 HIHERGIE, Wk Db i A 25tk
S, FRATTX TR S BARRL AT T 78 43 AR,

(2) WA &k

DY A 280 A2 B OGRS i e — e b 3 Uy O 4 SRR, TE SR 1.3 AR, T R S T R M I
F L T VR R HE A B0 A, FRATTR A TR IME A BRI X, X SERR LR — AR R
BRI bt RT LLSR B ATLRS s 7 BE 0 5 2, B 7 AT ) S A LA 2R R, BERLIE — MR AT S
1A, AR A B BEALE —ANME R EATTRRIEE 2 A4S, LR BRIX &SI N—ERBEHLYE, SEOREH Recall
THAEPI IR ML FIE AT P 45 BHEA R BIMEIZAT 1000 YCRISAE, HI0 L0008 4 M GZ 1) 1000 IRIE R AR
S R oL A T BRI RN, FRATRA 7RI EA B 7 .

(3) HMEA 2

AN RO B EAS RTT R . AR SCAE T 8 A Java JT R TR H A SEI & Btk A Scse
AR SR T BECVE BT B AR Java REEUATE RS (B2IX 8 AN RS V2 M E B IR AT 7L,
AR AR S5, B — & M2 R AR R, 65— fE B BT LLgi b X Rl ot g siebr b,
XA R A R A7 AE T SRR 70 P AR R SR TAE R, AR A 78 & B IR Java RG0LA KR Java R4
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3 HBXR

eI 22/ 10 249, WFAE I T KER 5 EA T IR [ SR (22 Java BAF) HR OGS, XLt
JEREAT LAAr P2 ol B 2 o) ik g I B 2 > .

T MBS 2 3] 5 0 T I ) S SR R PR A D %, 3 T A S PP 28 T ) e, R I e 2 HE AN
i SE P R HIIR B Zaidman 28 N N8 BETHEHZE AT (execution scenarios) SKUSCEE B HYIE AT B, Bt
TR 2 2B AR M 1, FFA FH HITS Sk i+ SRR BBV, Perin 28 N U1 5 0 25 20 M M) 2 840 I, I % ) PageRank
SR B A P RS, A I A N VR A A e N U e ARt Pl e R 2R 2 2 ) R AR S &R, 3 T >R
PageRank. /1 #6550 a $RE0ESARFR T B2 00 M, SFIMEL B E 0 D82S, Steidl 25 AN UIBREH T B0 B0 4 5 P A
B IfAfF HITS. PageRank 252 Fl i A BF B AR A0 I b 3845 A B 81k Meyer 25 N U B 1R3th G o FEALTE 1A 1Y)
% 3 k-core 23R T2 BUIRRZ L (coreness), T R R S 3. 22 25 N VSR F A FRAR ZS AR 70 sk
TR R G, IR e — BN 510 R AR i B Pan 25 A VPR T — BRI S8R 2K 1) ICOOK
i GITER R T RGOMBUE A AR, HAR- I T —Fh— Ml k-core 3B J7E RV s — b %3
(generalized coreness), £ LA — AL A% BRI A BB IR B 04 2. Sora 25 A\ U72O5EF PageRank 5323 ) H:
A4 (PageRankBR) R CEES, IHF Kk T —EXRMRHEIE RS, BT PO R 01T Mot ¥ A T H 4544, Do
Nascimento Vale 2 A\ PEEF 4 H1E R GEHAT IR AR RIS T, 2 T — 4N Keecle HI2E H 310715, FIT I &
b oS, Pan S N USRI T — Bl T 2 2 H0E 48 I S8 2SI 5 72: ElementRank. %7 VA M B 12K 2 1)
Z JZ AW 4, FEAEH PageRank ST 58— 2 W45 o2 (0 B 200, b R R EME BN, 43
BRI LI E . Liu S8 AN PRI T — PGS0 5 5 1% PageRankIVOL. % J7 7% 7E PageRank 3£ fl_E i —
2% B T IBURT N 44711 553 B5x B8 B AR38 (1 B2 . Pan %5 A\ PI7E PageRankIVOL (156 B3 H T —Fh oGS0 1
J51% Pride. %7 iETERNLER LR HE— 20 18 7 &% Hh 1 S BE L BB L 28 B B R S A BE F 5. Li 45
N PR T — R R A SCBER K MinClass J7 1% 1Z07 008 Bl SO 2%, JE 55T ME St 8 T — ANV
HE BV FEFR OSE. Pan 2 N PRI T —Fh IS R0 572 iFit. %7 A T 28U 1R A R 3
T PageRank HyEAYE 37 FIMESHR H T — MNEEREBENRTEE CG.

A7 W 2 2] 5 AR T B AR bR AR ML 2% 25 ) H AR 43 2% AT S8 2. Osman %5 A\ M F — 41t
FRFF (design metrics) ZIEI S [RFAE, JFRF X Lo bR B WLAR % 21 4 FEAR RRAE R U 2R o0 R A BY . Thung 55
NPy 7 — AU 48355, FE5 Osman 25 N BB FE RS &, 1 ML AR 31 70 JE 4% MRRAE LA 45 < S 2K T
B, Yang 25 N PP H T — R T 4L 88 2 o1 10 5 B ISR J7 i MCCondenser, M T 36 [7) T2 73 2119 24 P 1R 4
PN, AT N PO T — Pl T R e 4 I 4 ) S B SRR T . SR, A B S VR M T A
ZMBARLE. £ — A RADAEAE IR MEIRLE, WA 580G oA f. R, A (3R A7 10 ™ AR
SPA i R 9 4n, 7E JEit H, OGBSI S T R G IEEUT 0.641 6%. X AEAF U RISy I R AR B A
= ANHERE, R PR T IR TR R .

AR ) CDAG J5iE AR T Ar 28 K 0 SR AL AR 27 o SR M e 2 2528, DR & T o s & 2 ) vk,
{22, CDAG 53 MG B 5 2] 5 XAFE— S X, EEAHE: 1) A TR FEAER R AR T2 2 [ 1) B 3K
O BRI 2 A B BLAR b B, A FR RO a RS U, B T R AR R R T
ARG (W (B R 5550 BUINALUE (BLEARE i EAUE AT, 56T PageRank Sz 1031517202324
FEHRE T EEMERT S A AR T R IR By VA R 2 R L B AR R N T s 2 ) AR R,
A LN R AT B T SRR ZE e B 5. FRATISR Y GEN T8 FRERE5 1 T 282 18] 1) (8] B2 5l & F0 46
JE 1T RUBE A3 AT 1) 2o R VOGS SIS B M Y R, AT AT LA S 4 T R 220 A D) 4 R ST PR A AR AE % RS )
. 2) H AT T 30400 W B 88 2 1R 50 5 T O TAEAR D (721, HL 38 2R B4 T 52 A Ak 49 4, B R SR i Dk
B SREC V2, TR ) R R 2. oAb, LA TAE AR XS B A SREUR R HATY 72, AATEBR SRR X
Bor. FRATTHE H A DS A R BT v B — e & e, v TS 83N A o i A O B LA, R, A SCHR SRR
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FEIRMGE T AAT UG A RS BRI A L. 3) BAAT AR R BERE SIS /A AN S o0 45 A ie ok, DA T IEiE A 3h 2
Gy M T U AR SRR R SEACRE™, I P A 7 W ik« 4™ AR s RO S R SR SR 2 ) 1) AL AR ST A
BNASIIHT B JE T A 0 W A0 G5 SR EEAT Ak, AT 1 7 A8 e 8 25 7 A7 0 222 00 00 0 2 < AN f 1 e, 48
T RBEI I R

4 FRANMT—HIE

AR T — A0 T Zh A7 W K 5 0 2 A B SRR T7 125, 38 1 0 25 0 W A S SR AR R 5, T
BTN G| g 23 AT IR 4E bR AL IS B B, HE T SR B B AW HE . RN, ASCHI A iR
WARIBATIN R A LS S LR &R, HEMTN AT SR BT DAk, I € B RO g AR R i 2K, 15 3 ik
MISCHEE. 8 NITIR Java Bt b SCEe 45 RER W], fEAS E AL AT 15% (8 top-25) 975 i, CDAG M EE AT &
AT H AT LT (Il et 45 REEAT AL A B T4 T+ CDAG T3 Mk RE; AR FIEAUT 205 CDAG
(¥ BE A 235 52 0; CDAG TEIZAT R B T A2 1.

FETF B TR, TATIHRIAE At AR Java BFBPIREAE PGS CDAG J7vARIA 2. BhAh, JATHUT 7e i
SN ENEDHTELF K455 77 X 0B T OB 28 AR, DUHE— P 3 G U A RCR.
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