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Abstract: We propose Method Shells, which is a module system for avoiding method conflicts caused by
destructive class extensions. A number of programming languages have a mechanism for customizing code
without rewriting original source code but by only describing differences in a separate file, for example Aspect
of AspectJ, Ruby’s openclass, reviser of GluonJ. We call this mechanism destructive class extensions. By us-
ing destructice class extensions, code reusability is improved. However, different customizations often modify
the same method in the heavy use of destructive class extensions. We call this problem method conflicts. To
address this problem, Method Shells provide a mechanism for avoiding method conflicts by switching applied
methods at runtime. With this system, programmers can group methods which is applied together and switch
those groups at runtime. We present the formal semantics of this system and its optimized implementation.
The runtime speed increases as the number of modules increases with the naive implementation. We also
show the comparison between the runtime speed of the optimized and naive implementations.
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//in the browser Library
revise WebPage{

void setPopupItem(Popup p, HTML text){

alert("disabled");

¥

void onClick(Mouse m){

URL url = m.getURLQ);

popup (url) ;
¥
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10}

1 Reviser Ol

Fig. 1 An example of reviser.

//in the HTML-renderer library
class WebPage{
void setPopupItem(Popup p, HTML text){
//set text
}
void popup(HTML text){
Popup p = new Popup();
setPopupText (p, text);
}
}
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2 WebPage 7 7 A
Fig. 2 WebPage class.
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//in the viewer library
revise WebPage{
void setPopupItem(Popup p, HTML text){
//show red and bold text
}
}
class Viewer{
void check(file f){
if (isConfidential (£))
10 new WebPage () .popup("confidential");
11 }
12}
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3 Viewer 74 77
Fig. 3 Viewer library.
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1 //in the application library

2 class App{

3 void view(WebPage w){

4 new Viewer().check(new File("test.txt"));

5 }

6 public static void main(String[] args){

7 WebPage w = new WebPage()

8 new App() .view(w); // want to viewing red and bold text
9 w.onClick(getMouse()); // want to prevent popup window
10 }

11}

4 Browser & viewer Ol J7 % 7210

Fig. 4 Using both browser and viewer.
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methodshell renderer;
class WebPage{
void setPopupItem(Popup p, HTML text){
//set text;
}
void popup(HTML text){
Popup p = new Popup();
setPopupItem(p, text);
}

© 0w N G A W N =

0}

11 public static void main(String[] args){
12 WebPage w = new WebPage();

13 w.popup("test");

14 }

5 Renderer methodshell
Fig. 5 Renderer methodshell.
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methodshell browser;
include renderer;
revise WebPage{
void setPopupItem(Popup p, HTML text){
alert("disabled");
}
void onClick(Mouse m){
URL url = m.getURL();
popup (url) ;
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10 }

11}

12 public static void main(String[] args){
13 WebPage w = new WebPage();

14 w.popup ("Available?"); //not shown

15}
6 Browser methodshell
Fig. 6 Browser methodshell.
1 methodshell viewer;
2 include renderer;
3 revise WebPage{
4 void setPopupItem(Popup p, HTML text){
5 //show red and bold text
6 ¥
7}
8 class Viewer{
9 void check(file f£){
10 if (isConfidential (£))
11 new WebPage.popup ("confidential");
12 ¥
13}

7 Viewer methodshell
Fig. 7 Viewer methodshell.
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methodshell app-for-viewer;
include browser;
link viewer;
class App{
void view(WebPage w){
new Viewer().check(new File("test.txt"));
// switch the shell group

© w N G s W N e

8 App-for-viewer methodshell
Fig. 8 App-for-viewer methodshell.
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methodshell app;
include app_for_viewer;
revise App{

1
2

3

4
5}
6 public static void main(String[] args){
7 WebPage w = new WebPage();

8 w.onClick(); //prevent popup window

9

view(w); // show popup window

10 )
9 App methodshell
Fig. 9 App methodshell.
renderer
% methodshell
browser viewer
methodshell L methodshell

app-for-viewer
methodshell

T

app
methodshell

s1hVinclude s2"ZLTLVD
o] amereas

10 5~ 9 ® methodshell ® include, link B4f%
Fig. 10 The include and link relations in Fig.5 to 9.

L, app, app-for-viewer, browser, renderer methodshell 7
57% 5 shell 7 )V—"7, D% 1) app shell 7V — 727 5.
main X FH?D onClick X v FIFOH L Tl, browser
methodshell H® onClick XV v F2S:-ONE N4, ALY
b 7V — 713 app shell 7 )V — 77 ®T, onClick Vv F
I TV 51, app shell 7V —7THTERSIN TS
7T AEF L reviser WHRINZ A, FD72%, onClick A
Vo RPETENTWAEE, Ry 77y T o1 v PR
IRLEDETDE, 7T AvE—IUPEREN, Ky
TTv T4 NyETay 7 NS,

onClick XV v FOFETAHET§ 5L, KIZview AV v F
WIFH SN 5. view AV v Fid app-for-viewer method-
shell NTEFZ SN TV A,
viewer shell 7' )V — 7 % link L T\ 5% 7%, app-for-viewer
methodshell 72> 5 viewer shell 7 )V —7HND XYV v N
O3 &, ALY b7 V=7 app shell 7V —THh 5
viewer shell 7V =728 ) BED L. A 8 D view AV v F
FClE, check XV v FAMEENTB Y, check XV v FiZ
viewer shell 7'V — 7N TEFREIN TS, D728, check
Ay RPBMEEIN B, Ly b7V — T viewer
shell 7 )V — 7128 Frb V), check 2V v FOELTHHKT
35 F T, viewer shell 7V —T7HNTERINTNDE T T A
BHE & reviser WARIIZ 2 4. viewer shell 7' )V — 7 H 74 L
YNTN=TTHEM, Ry TT v T4y FIRRKE

app-for-viewer methodshell (&

16



EHMMIPFSHYEFE 7075324 Vol.7 No.3 12-21 (July 2014)

DFFALEFRTLHELIICHR D, view AV v KOFFF)S
WrssE, LY T IIV—T1E viewer shell 7V — T H
5 app shell Z )V —=7ICREN 5.

35 ¥4V R

Z OFiTIE Method Shells DI 2 B 2 7R 7.
X

AW 2 EwRE 2R T, £ 9L L 72 Method
Shells @ % 789, Method Shells Db L Feather-
weight Java (FJ) [11] & GluonFJ ORI & > THRH L
A, LHEFZRDE I >TVAS,

SL::=methodshell S;IL LL (CL || RV) x MF method-shell

declaration
IL::=include S; include declaration
LL::=link S; link declaration

CL::=class C extends C{C f; K M} class declaration
RV::=revise C{M}
M::=C m(C X){return e; }

MF::=void main(){return e; }

reviser declaration
method declaration
method declaration

ex=x|ef|em(€) | new C(€) |ein S;Sc expressions

vii=new C(V) values

X EHIZOWTHIT 5. S, T 1E methodshell D%
MTH5H. B, C, DIFZIRLTHA. fild714—IF%
Thb. midAV Y FETHAL. x ITEBALTHD ; KIF
IVAMNIIVIEETHA. v, widiTHh 5. K & body
DI T TR E R WDS, FIDOEITHES) . FlidA —
WITAL Lo TERT. 728201, XU X, %0, %" &
EL, T “Cf,Cofoyee oGy o7 BT

SL ¥ methodshell D EZT®H ), methodshell % & in-
clude 5 & link 5, 77 AES, reviser 55, main ¥
Bargt., CLIZVIRABESTHD, 7V TAKELEA—INI T
A, 74—=NVF, arA+I72%, AVy Fegd. RV I
reviser EETH VY, reviser % & XV v Fax &, reviser
74—V REFRv, eld:NTH Y, ein §;Sc £\ 9
HLWEZEAL TS, ZORIEE~YY T4 7 2A%RT
TeOICHELESOT, 7Yars 7 adiciddihzwv,. Ih
I e 25S L 39 methodshell IZH Y, AL ¥ PV —T
MNSc THAHI xR LTND,

CRT #2 J A - reviser T— 7N EFRT ALK LET 5.
277 A - reviser 77— 7V methodshell S & 7 7 A% C D
RT7%7FTABECLEF 2l reviser EERVICTY Yy E VT
9 5. 70277413 CRT & methodshell ZDXTTH 5.
70 7T NEAFIEZ D methodshell H1D main B & 4f
5.

Xy FFUHELDOEY > T T X
fifES;Scke—e DIETEL, [HL Y FTV—TH
Sc TH5bH & %, methodshell ST, Keldl AT v 7T

© 2014 Information Processing Society of Japan

N IS NG ] Liits, 70T LFETPAY — T
% L X2, methodshell S 25N SNz 35 L, el
methodhell S DT SHL, HL > b ZL—T RS IT%
L. 3L ALOMHHANE FI & GluonFJ O b DIZHED 72
%, methodshell $FH D EFIHAID A TITTRT .

T;Tcheg—eq’ B
SiScheo in T,Tc——eo’ in T;T¢ (R-In)
mbody(m,C,S,S¢)= X.eo in T;T¢ (R Ind)

S;ScFnew C(v).m(w)— ([w/%,new C(v)/this|eg) in T;Tc

YOI TIL, e 1L S;Sc BGZHNTWHLEZAT
HbinllkoTT,TcHTRHMNSINDEZELEERLTWVWAS, 2
SOHOHHNL, AV vy FERE T 270D mbody 12
DWTTHA. mbody 13 FJ TD mbody & 1EELY, 4O
DL EE D, mbody lZ AV Y N m, WEFTI =7 b
DT AL C, EDOXMDPFLEL T b methodshell S, 7
LY MV —=TSc &gl LTel, #FEEITH. 22
HoOBANL, HiL WAL Y MoV —=TPN T bbb L)k
methodshell TH TR AV v FBRODP-727% 51F, X
Vo RO LIRS, 7Ly b7V —725Sc » 5
TclZZEbDZ L EFET.

mbody DADYL~ 714 7 ZA %K 11 1 TIRT. mbody(m,
C,S,Sc) 1 Z42DB B AV v FHEREZITV, Xein T; Tc
EVIHERT. ZITRIRAOh o722V Y FOjI$%E
EL, el3AVy FRTA2RL, TRAYV Y FHFROHo
72 methodshell #3& L, Tc ld@& 200722V v FKRT 4
WEFENDEH LY I NV—T 5 FET.

mbody FTHEDONTVDE WL DDDEITDWTH
B9 %. linked-shells(S) I3 methodshell S 75 link L T
% methodshell DA %R T, include-shells(S) 1% meth-
odshell S %% include L TV*% methodshell D4E4 % K7,
mbodyshell(m,C,S) 1& methodshell S N #EFET 5720
D TH Y, methodshell S D7 FACTRAY v K
mPROPo R bIE, TNERT. Rorbhnikb
¥, S A%include L T\ % methodshell (22T, FHEHY
12 mbodyshell Z WO, mbodyglobal(m, C,S,Sc) (L7
O—NVG 7 V=T%2E KT 5., FO=NV T V=7
& 139 T D methodshell 7*5 include & LTV 2 455k 7%
methodshell T, $75% ® methodshell NIZ & FIL TV 7w
7 J AEFR reviser [T TF/ U =NV 7))V — TIZHF
BLTWwWAEEZ25. K11 HD Global 1370 — 3V 77
W—Ta2RTAIERTHAH. b LIEFERFZEDO XY v IS
Ja—= NV V=T THERBEINZVWELHIE, CORXA—X
7 I ARPEFRT D722 mbody & FHIRIICIEOH T,

mbody(m, C,S,Sc) 1ZRD & 9 ZIEFTHEZELITH. £
3, SA%link L CTVv*% methodshell & )V — } &4 5 shell 7
V=T OREFEFET L, LAYV Y FRT 4 myFEHsh
72 blX, ZORXY y FRTFTA PR D» o 72 shell 7V —7
ROV b7 V=T 5. link LT3 shell 7L —
THTERENZ VR LR, RIZH LY b7V — THERE
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T, =linked-shells(S)
mbodyshell(m,C,T¢c;) =X.e in T
mbodyshell(m,C,Tc;) undefined

3Tci S Tft:
VT € Tali # 3)

mbody(m, C,S,Sc) = X.e in T; Tcs

T, =linked-shells(S)
VTe; € T mbodyshell(m,C, Tc;) undefined
mbodyshell(m,C,S;) =X.e in T

mbody(m,C,S,S:) = X.e in T; S

T. =linked-shells(S)
VTes € Tc  mbodyshell(m,C,Tc;) undefined
mbodyshell(m,C,S.) undefined
mbody(m,C, S, Sc) =mbodyglobal(m,C, S, Sc)

mbody(m, C,null, null) =mbodyglobal(m,C,null, null)

CRT(S,C) = (revise C{M}) || (class C---{- - -M})
Bm(B X){returne;} €M

mbodyshell(m,C,S) = X.e in S

CRT(S,C) = (revise C{M}) || (class C---{---M})
m is not defined in M
S =include-shells(8)
mbodyshell(m,C,S;) =X.e in T
mbodyshell(m,C,S;) undefined

3ds; €8
VS; € 5(1 # j)
mbodyshell(m,C,8) =X.e in T

CRT(Global,C) = class C extends D{C £;K M}
Bm(B X){return e; } € M

mbodyglobal(m,C,S,S:.) = X.e in null;null

CRT(Global, C) = class C extends D{C £;K M}
m is not defined in M

mbodyglobal(m, C, 8, S.) =mbody(m,D, S, Sc)

11 AV FERROEY T4 7 A
Fig. 11 The semantics of method lookup.

5, bLALVY NV =TTORAENLVRLE, 7
O— NV 7V —TREET A, k2, £ O methodshell
THHEA N VLB, CORA—NRI T AERLLHIC
WERTSH. link LTWA shell Z)V—7TXYV vy RPZR
ENTGEIIDAR, ALY NIV —TIIEEEND,

3.6 kR

reviser HCIE, 74—V IROBINMETLIENTER
W, FDD, 74—V FEBENMLATUE RS RWwE )
ZYLEIZ, Method Shells i) & L I1ETE 2\,

F 72, methodshell 31121 include S & link B3 %
ELZENTELD, LAY Y FhVinclude EN72HED
methodshell N TTEZRENTWA, HAHWII link S/
D methodshell N TEFRENTWAE LT —IhAbH,. Z
I 777 OBMREEN 7 7 AR e IR 5. £
72, BEDOIATI) ARV EIZLT %5 &RI L
R e bizd, TurT IV IPEMECRL. Lo L,
INSDHIBICEIYEY 2=V EA VR— T EDATHE
LBXAVy FERERETAZEDTEL D, T0urs I
TOBEMLAEWAY v NEREH#TE I EIZO%D 5. £
72, INHOHIRIZEY, w5 g 7 A%fENTE,
RETIRARD X9 B 7% T 25 VHUFEIC R 5.

4. Xy FFEUH L O&EE

KEETlX, Method Shells ® XV v RO L D@L
AT o 7o B EERREST S, A1 3.5 fi T Method
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Shells Dt~ > 74 7 A%/RL7. ThE Java FICHEEE
THIEHEAZLEIL, EY T A0 AEFDETICE
H4% L, methodshell DHENNIZ & & 72wy, FEATHEER ATHE
MLTLE)SEDLRHAH. 72 21, 5 methodshell S
25 n ffl @ methodshell % link L T\ 5 & &, mbody D ix
WD AT v 7T nfH? methodshell TXTOEER T W
Yhh 5.

FATREB O RAMED 72812, T 2254 VIRICHEKD 7
VW—=TUZFET A AYVy N2/ Vv—TOKEZIFTar—17
B &) B EIT) ZLICLi, DFE), AV Y Fmg &
MS,. Ty, Ms, T, Mg, T, - DEIITHEEL, Ty M7
=T ThHobeElmsy ZHVAEHIZTEH. XV R
RTADHS S ETICEDELBICESHRR L. MBS
I' ®F T methodshell S TH L ¥ N7V —THSc D &
ZOLEWBH % S;Sc;THe=¢ &FHL I LIZT S, 1TL
AEDRTREGEIREAT ) LBEIE R WA, XYy FIFY
HMLDBRD & AR ELT) .

S;Sc;TFeo==>eo’  S;S¢;I'Fe==8&"  $;S¢;I'Feo:C  mmname(m,C,S,Sc)=n’
S;8¢;I'Feo.m(8)=-eo’ .’ (&’)

S:SciTFep:Cld Mg FMEBET OT TR CHG5 25
na| Lite. mname ld mbody DL 9 e AV v FERD
BT, TOXHITEsRmEIN5s

mbody(m,C,S,S¢)=%.e in null;null
mname(m,C,S,S¢)=m
mbody(m,C,8,8c)=%.e in T;T¢
mname(m,C,S,S¢)=mr.1,

=NV TN —T b Ay RAHEIING & &, IF
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DT A Yy FRIEEE IR,

7°0 7" 7% methodshell S @ main XV v K25 54T
IO DL 7% 51E, F0 main XV v FERT 4 13 methodshell
STHLY NIV —=TSIZEDELFIIERING.

COFEENFEEH L EETEROEN*IZ o1
B, KbV IZFE T NA VP TERLE>TLEY. &
Wb, FEAT L7\ shell 70— 7@ include/link B4k %
I NVEFICHICHRETCEDLENHL7-OTH 5.
—Ji, 35 HDE~Y T4 7 ALBYICEET L L, FEIT
EICEIIC A Y v FRRET LD THE I 54 VHES
TH5.

5. EE&

AKETIE, 35 TR~y T 1 7 AEBY) OFEEL
4 BEOWRFETHRIC L 5 EE L OFETHBO LKES 17 -
72, FEERBREE X, CentOS release 6.2, Intel® Xeon® CPU
E5-2687W 3.10 GHz, *E') 1% 64GB, OpenJDK 1.7.0 T
b, WETFEOFEEEL, JastAddI [9) % IV THEEEL 72,
JastAddJ (& JastAdd &\ 9 v — Va2 HWTIES L7z Java
IR TTHY, WRPESTH 5. FAld JastAdd)
FEL, 35 MiCERLE, 4 BOERLEE)
%38 A L7 Method Shells ® 2 >34 5 &4, EE
W7z,

XL TAVREBNDOREEREFAICLZIER

I TA T AEB) OFELERETHRICL BFEEL
By A72012, Y4 7Ny Fv—=7 |2 X BEBRET- 72
LYY T A AEBY) OFEEZ, FEATROWMIES 2T %
Java @ ReflectionAPI % FJH L THIHL L 7. reviser & %
ATHNCTB CHlE O Java 70 275 A2 L, Reflection
APT # W EATHE Y AT ASEATREIC e~ Y T4 7 A Y
BYUD mbody AV v NIZLB AV Yy FIERTETT L L
Sz L7z

EERT XD D, include DIESZHERL LTV HD
(K 12 hda) % 24, include DIEZHERL L TV b D
(12 D b) % 2, link DFERE 2R LTV D
(12 o e), link DIFEZHEP LTV SO (G 12
D d) %= 2, 5 methodshell 278 L CT\» 5 shell 7
W=TEHELLTVHD (K12 HDe) O THS.
ZNZEN root & EHM LTV 5 methodshell % IR L TZ
D main AV Y FEEFTLEL, PO n% 10 55 300
FTI0 T2 L TEREITo72. a DERICOWTIE
root DD A v K2 (a2), root 205 iz i\
methodshell N 2 v KIS (al) O 2 FEOFEFTHE
MEZERIL 72, b OERICOWTIE, —FRAIC include L
72 methodshell N X v F&2EOHT (b1), —FRFEIC
include L 7z methodshell TH®D X v FZIFOTHS (b2)
D 2FEDOFATHER A FHAI L 72, ¢ b KIS, —FHRMIC link
L 72 methodshell N AV v K # IO (d1), —FHk
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root n
----- B FI R e

(d) linkDIEAMEZ TLLED

(b) includeDIEANHE X TLWKHD 4
n
(e) &% methodshell B EFEL TL Bshell
nfd& TI—TDEMNEZTLKED

(()DAV YRR T(e) DAV YREFTHLTINS)

D """"" .| (c) + s1hVinclude s2"&LTL 3

(0) inkDEEABZ TLCHD P2 ¢ s | sisvinkszrELTLB

root

B 12 EERAE | KDUAA methodshell 2% LT 5. FEHEDKE]
A% include PR, mAROKEID link MR EZ R L T 5
Fig. 12 Experiments: a rectangle denotes a methodshell. An

arrow denotes include and a dotted arrow denotes link.

|2 link L7z methodshell N (d2) ® £ v F&ZIFOT, ©
QD FATHERM ZZHAI L 72, e [2D W TUIZR R #E T root
N5 (e) &EH 172 methodshell D XV v R &I
L, 20Xy FHDPS (¢) £F 172 methodshell HD
Ay FEIFOCLT, v 20D A Yy RO LIZH
PAEERMEEHN L 72, 2 idd 5 methodshell S 75% < &
shell 7 V—7ICHIBLCWA L&, SHBH AV Y KEIFD
T DI 2 2 EFHIT2720TH 5.

FEEGERIIF 13, K14 D8 DD T T 7D L H k> T
W5, ZhuE Ay FEFEOSH L 10000 B2 275 B % 10
EEHIL, ZOFHEEB L OEEREY 77 7L L72b D
Th%b. (al), (b1), (b2), (d1), (d2) TIZ ReflectionAPI
AWV ERETIIHRIBICETREMAEZ TR0 L,
REFHEL B2 FERETRETHROBMMIR S v, @
12, methodshell SN & & 7% 5 FATRFH OB N % FE
O TPz 5N TwahH. Zhid, ReflectionAPI %
a7z & &121E 3T O methodshell ZNEICIER L 2T
X% o WIGEDH LD, IREFLETIEA Y Y FIFUH L
W—EBICEFLIDOTHAS.

WREFEERACTEE, T80 VEERIZWTFNRD 1 3
VAHIBRTHL, IV TFA MR D L, HET D A
Yy KRR D10, () BEU (¢) DEBRTIZT > /5( 5
W&o THERENE /N, b a— FONA NS
LTw5,

GluonJ, # JFILD Java & DEEE

Ay FOBFERZAT) HEX 2255, 1 D3HIEY
77 AR HWTHERT L2 HETHY, b)) 1213HE
By —2Aa—-FEEEMZLGETH L. T, HIENY
FAPIREBEAL TV BMDFFEDH H, Gluon] & &
WL ONDFFEIL include DFEREEZ H LT 5.

F 41, 4 D Method Shells DZESE & Gluon) % H
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13 (al), (a2), (bl), (b2) DEEHER. H\AD reflectionAPT
%, OZAPREFEICLDFERERL VD

Fig. 13 The results of (al), (a2), (bl), (b2). Blue dots de-

note the implementation using reflection API. Green

triangles denote the proposed implementation.
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14 (c), (d1), (d2), (e) DFEEBFER. T\ AAT reflection API
%, MOZAPRFEFECLDFERERL VD

Fig. 14 The results of (¢), (d1), (d2), (e). Blue dots denote the

implementation using reflection API. Green triangles

denote the proposed implementation.

W/eEREBLIOF ) VF VD Java & DIECER 1T 72,
B 13 4 B Method Shells @ include O F2%ESHRIEN 2
T AIREEAL TV AMOFFEL LD L e WIETHE T
HHZERRTIZODTHA, BEIL 4 FED Method Shells
DEFEDHIEN) 7 7 APFRE T ICED Y —Aa— F%
EEEIRR G EEEDLL R VETHETH L L EIR
T2 THDH. Tk L7728 DDEEED ) L, include 12§
% 4 O0FEE ((al), (a2), (bl), (b2)) 2B L T GluonJ
EAN) TV FND Java THIRERZAT - 7. FEEREREIL, 7l
WRL72bDEE L THS. Gluond (I2OWTIE Gluon] 2.3
ARV A

EBAERIIE 15 DX ) I o7z, ZTHUEA Y v FIEY
Hi L 10000 [B1Z 2% 2 B % 10 |IEHII L, ZoFHEs
IOEHERAEE 7T 7L L2 DTH D, 4 BEOIRETE,
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B 15 (al), (a2), (bl), (b2) DEBKR. FkO=MAFERTFEIC
L BEE FRWIUMAD Gluond, ELOANF Y TV F VD Java
ERLTVS

Fig. 15 The results of (al), (a2), (bl), (b2). Green triangles

denote the proposed implementation. Red rectangles
denote the implementation in GluonJ. Violet dots de-

note the one in Java.

GluonJ, F VU YF VD Java, & bIZFETREBIZR S RED
BoNnenwZ & &R, $72, EBROEP T include
WX BFEITEEOBEMAITLE A ELWE EFERTE /2.

6. PBHEME

RN 7 7 APk, mial L7z AspectJ, Ruby, Glu-
onJ DIIAZ, MultiJava [14], Jiazzi[13], € L CiEikT %
Newspeak, Classbox, Context-oriented programming 7
EhkA BRI ARSGN TV A,

NewSpeak [5] Tl&, T XTDZ T AGLH/N—F ¥ )L {Z
oTHY, Y777 ATEEZTHILENTEAH. 7
77 AT E#EEEEDRITEHSIL, include THRIENR 7 7
APRDO EEZ R LSRR L BTV E, LAL,
NewSpeak (3 link @ X 9 ZHERE 133727\,

Ruby [1] ® Refinement & Classbox [4] (X & & 12, BEEM
7T AR LT AT =T ORHIREFTH) S EHTE B A
NZALTHLH., TNENWHEDEY 2 -V kb, £0
HFUICHEIE 7 7 ANk EHE, ZOEY 2 - VOHFTOH
W) 7 7 ZARPHEN THH L HIZLTwb. ZhbD
AN ZALTIE, BEEN S 7 AIFRO A T — T2 HIRT %
CEIITEAY, FITHICA -T2 ) B2 keI
7278\,

Context-oriented programming (COP) [10] ¥, & D
W7 T APRE AR 22 FATRICYI D B 5 2 &
BCTEDLANZALTHA. COP TIE, HIEN 7 7 APk
it layer & FHEN S EY 2= VOHRIZEINL. ZD layer
EEMIT B LBV eBERT L2 LT, GR%IED
7T APERE FATREICY D FR B 2 e TE 5. COP T
(&, BEER 2 T AR RV ) A v E F12IE, D RIcH
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IRHICEIB R B TRET ALEVH L., TDD, AV
RIFOSH LIZ & > THREERAYICHEEER) 7 5 APERASI ) b
AREY 22— VL 3R> Tn5,

REH L TR LT Y 2 — VBRI T2 4 %3 [15]
THRFELTVD, KCE0FHCHIEL, t~vr 77
JADYRRERT — ¥ OBME To725DTHAH. L)
FERMEOE LYY T4 7 ANEGR L.

7. FEOH

KEFZETIE, BRICTH AV Y F2 7 V—T{L, O
TNV—=TRFEARITWY)BRR L LI2E T, BRI Y
FTAFIRICE B AV Y FOWHELBITLI LN TELE
T 2. — VHERE Method Shells #2384 L 72, #ERY 7 5 A5
REE, BHffOov—Aa—Fa&E2 52 L%, &5
DADFIRZNFT, XV vy FOEMN - BEHRLITH 2 LW
TEBLANZALTHD. N7 7 APRITT— FORH
FIH % eEd 2 K, FL Ay FEEERFERLTL
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