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Abstract Refactoring is that you make small changes to your code to improve your design, making it easier to under-
stand and maintrained without to change program behaviours. Aspect Oriented Programming(AOP) is a new technolo-
gy for software development. In order to explore the benefits of refactoring aspect-oriented developers are identifying
common transformations for aspect-oriented programs the laws proof. However, they lack support for assuring that the
transformations observation behaviour and are indeed refactorings because there is not formal semantics in the AOP lan-
guage that we have used. In this paper, an operational semantics for Method Call Interception(MCI) is extented to fit
in with represent AOP featurs., An equivalence relation stating that two programs have the same observation behaviour
is defined; the paper presents a formal model for the semantics of Aspect]. We use these concepts and discuss exact-
ness for its laws in formal mothed MCL The observation equivalence proving of Add Before-executing law can be used in
other law. In conclusion, we show how it is possible to prove that an new aspect-oriented program by refactoring is e-
quivalent its Object Oriented prototype

Keywords Rafactoring, Aspect oriented programming, Formal method, MIC, Equivalence, Aspect]
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1 By

TH [5] 5 T #9428 #2 (Aspect Oriented Programming, AOP)
RAXME R RER E#TV BREFNREAETE. €8
XTHUIERWGE—FEF A, B ERER T FHoR
VI, E A E R R RO E  F A REREEPT
BARGHNER, B THAENEE, 85 T RBEROEHE,
FRERENE AT T T RIFEMDD,

RABEHWERBRAFT LERURABRAMEIWEE
FB L EFEARBES AT MM AT A B 26l B XA F AR
BT ER,. HEANEN . EAERNNE., MEH
1) TR T R % 25 B B F EE 5 WA E S BT
M3 RE P HEARBHERRRIFIARENEE, £FEH
HRP . FEREEHIERFE TR B TERNEME, W
Xt RERIE B AN HIE R LR IREH A T Xt LR R ARt
ITHREIHR LIt E s M AT S v R SRR,

H R A EIE X —ERP R KR B s A K m
HHEES TREA TR AE RS, Bl X808
TR BRETR R, 53X X B 55 1 31 35 R AR K B IR
FIABREEXEHMMNRIEE RSN EES

i}

ZREMEIERNAERRE. HTHRENEFENRIES Java
BHZFmY BTEE Aspect] RAEEER T, HREH
NHaIEH T  MERT BEME T T BH#HR It
EHEH. HTHEERRNEMEIERNNE R PRSI
), B e Xt 33 B 43 ) B T 2 A 0E SR T LA R B SR T
IR, RATK Bir 2 e 8Ex mm X RS AA BIFR
MEES R, M EBTEW B HTY R H ]
ISR , AT EHETS B T IS0 145
EER T, RAR B IEH LR AERIES AEAN S0
TR EARTT B, I L Z i B AR A R 4 .
X4k MCI(Method Call Interception) B4 & 2 T
HAR T &I A5 w0 e X § & S ARE T TH®
#Zik, FEEM N ESREANTERER FENT E.
£xd MCI e 5 EmY BIEMLTF Aspect] X Java Y B, X
SOIE X BBAR ST M 2 BRI 1) O 1 9L S advice, 9 ATHET )
X IE S B R B S S R T RIFRRaE.
AR 2 ATt MCLEIE AR B B MM S 14,
XMW EETERELT RMENHES, ©X MCLIE
XWFTET BZENEFMERFRET R - ER, A 3
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ARt MCLI Y R, E X T HiiE 5 T & MigfkiE
SC 88 4 WA TS T 77 T E M BT 0 21 AR B A g R A U R ) 5
PrH:EUE R 77 vk SR IHE T 5 A e TR A X T
BT T B4,

2 MCIREXHEFEMNY

2.1 MCIiEX

X[6,7J' LT ¥ Java WL RIEF MCL #iiR T H %
B GESHREMGSAN, & FHESELHHTERE
HEGREB T NGRS LN, MAS RBFNITR, B4
XREEBHSIZIENL. MCLESHHERNWE 1 iR (E
KR B MCL EXHAR):

prog=cdef* cn. mn

cdef=class cn extends cn {field* mdef* }

field=type fn

mdef=type mn (arg* ) body

type=cn | void

arg=type vn

body=exp | abstract

cn=class names

fn=field names

mn=method names

vn= variable names

exp =null| this| vnn| view type exp|exp. fn]exp. vn
= exp|exp. mn (exp* ) |super. mn (exp* )

[let vn: type=-exp in exp|exp;exp|while (exp) exp
| caller | callee | superimpose exp on eve

eve=mci loc|eve within loc

mci=dispatch | enter | exit

loc=* | object exp|class cn|subclass cn|method mn|

result type|argument type vn
[ loc &é loc|loc| {loc| ! loc

B 1 MCIH¥sHn

prog RRBIF, cdef TRERE X, field FAREFHIEA
mdef RARTHE L. arg BINF HESH, body BARF &,
en.fn.mn fl vn FHILRREKE AL FELZMTRE, exp
FTARRIBR, AR R AR EFE.

MCIEZEAMREEN MR . FEABRD, B FEE
BB Bt B X B B 7 B4 s X R () , B R BB MR
B (fiel D E KI5 4 R B AT T R 5| FRIRGO) ; BF L&
FERIRGD. AXRAM/ES LOFRETHNE R
¥, BRHNKEFEERT ZREAXNEBLERMAGERE
FIZEfL . BRI SR B AT LU T el A0 A S0 He R g —
BREHR SR,

WA, ®wE MCINEZEREREXN MR RHR
FFRERA MCIZEMFET RBFSIAKESHRMELRE
0 5 3R R SR A AR U , B T %o 2 SR 4 A0 ) #) B e 4 (R R ATT
BB T My Y RS MIE R ER MM, A%
MCI fE AR E R Ea LAS% X [7,8],

Tyzmen] }' exp=>py21 1)
I, (T » (pomn)=((vn1 > s v ) sexp’) (2)
"I‘,Eue,q }'EIP13V111,22 3
“eee )
*T,E.,,e,q fexpa=>vhn, 2o+t (5)
‘-q'=—‘-[vn1»v1, seey VIN_e VL] (6)
AT,En-H,O,'q’ bexp'=v, Zot2’ €3]
T, 30,0, | exp. mnlexpy, -+ expn)=>v, Zn+z (8

AN Ehoe S5 R SR
pRAEAMEMGI M. f.x BRELBYE, -RFAR
TRREFERRANRESETERE J, — I EHK
X (22D
ST 77 vk v P 6 i SRR R R  FERTRR BRI (T > 20 46,
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P FRERER exp, ZRERMREE R T LHXE p HH
2 BAREHX R (3~ (5) M I BB AW R 1 69
FAEMEER, R O MG) WER, R TERES B
BB TR AT I Ak .

2.2 MCIEZFHZEH

8 A MCI i 32 #3812 T R W A B F
AIRBFTHREME, REEXFEMXE. —NEENEH
KRG T B LEWBFENHERSD,

BEEWRMERNIIT . FRARA RN ERMEAER.
FTEBFLANBRIRNTR (B TFHRIEERARR, RAEH
REGWAHE., BFERUTEROEIRFERENERER
B, BRRARONREHERSEMARLY. NaTERERF
MAEFHTBFAEM SECGTICH BIsAHE4E. BT
BRRZITUR RO REAS R MR, EA MCILiE
XH SRR AL A BUE BOHE 3 52 (9 454, BNt o DS O e st
RIFMERE KRB —MHEBFZ AU ENHERLE.

BXT1 WMBEMEE=>0—p vI) X (p>pcn), Hrb,s
HBENE 0 IMRITI v HEBENBAE, 5 cn R
-3V

EX 2 PHQRERWINMCI #2F, HHbXPB.2QBM
2 PE . 2QE 5y BIRARBF P.QUATHIE KX RA76E, PAD .
QAUD, BRBEF P.QHEAERAESR, P Q%R P,
QBEFEITHXNREIHNES, R P(p) Qo) ¥ R——Bt
4, P MBI FMF Q(P=0Q) L HAVY.

Y pivqispgaqq s pi€E PAD Agi € QXD A pg€ P{p> Aqq
€EQp A pi=qi A 2m=2a N pg—qe€ 2=>11,
ZE)=1L(ZeE)

BHEXL 2ALRE, RNENEBRHNEBFEITEE

JE PHRINRFHMERTHENMRELAER Q PR HF.
HBRESM  MEFNHESES BECENRE ESH
KR NHET P L RS RAE WA R A R AR
ERBHSE, REFIERREEN 2 WEKR, IMAHFRNBF
RARBIFM . BB e R R AT REARIM, B
RIEREN 2 AR TRETRANREW LNER B
THHAMNEAERN RS AMNBHE, ENERNBEMHH.
XMEREFEMANTE. J5MTFREBENXTRE K5
AT AR, B X 2 RAME RTIELNSHN. WEF
E— AR EEFARANT L, EASERNEEN TS
IR

3 MCIWIEXHAEBAEY &

3.1 FERERNTR

X[9]7E MCI w5 X T HHI45H superimpose, B FiZ 4
FR91E SCAT U superimpose 7ER A5 44 & A4 BP BB — N IE
EPATH T, FTRES TN HR LR, XS LIER
MCI i (| 5 4 BB, B F superimpose it T 54, &
ERTFEEFENBR L. HAFERITHREFH TR su-
perimpose 7] I ; LK &1 superimpose B L k.

xf MCI i | F Y B MEREWnE 1, BRE R
FHEY RBKIEZS TR, FiET caller & X. Superimose £5#
EXTEFMH(eve) RERTRIEX (exp) B H KM, eve AL
WEER Aspect] 1 pointcut Rk K, FHHRE LT M
B B E L, — MR BE =N A (me) B
dispatch, HAT F KX exp 7E S BBIR{E; enter, BB FA X
exp TS PORIESS F EPATRIRE ; exit, BLBT FIA R exp 7
FERATEEORME. X% meci HABITF Aspect] 149 before
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call, before-execution 1 after-returning-execution ., FE4K5H
—AERERS (o) ETHK Fih SR REBERWEHRT
FHEEBEMWARKME.

HF MCI W FET BIAT advice 3, FEEAM BT
) g T — 1 FERBRD(A R, BT Aspect]

B advice 5.

T.20,0vn F eve=k, %) (9
Ta= ({1 () ,/H,,., (@M)=exp) (10)
- Register (k, 2 ya) =2 (11)

T,>0 20y }-superimpose exp on eve =0, 2" (12)
& 3 superimpose K AE M

& 3 R T superimpose Z5H FYSRE AN, X LA A
FERAH superimpose A7 BIR Bl — 25| (0 B2 Fik KX
SOFM—NEHH X RIFER (). superimpose R =
M BB RARNRE, TCRETE B EH RO
~NEFRREE (S (9 HKR B B o« RTRHEMUT
Aspect] #1 advice BIHITIR(10) ; B JG register B F R ¥E T
BiDEHHRAHHZAD,

—ABEEE A it superimpose Z5H %38, £ MCI B
call HLI 25 1 R B0 18 R BT IR, IRA BB IC W EH R
ZRIPATH T A IR, N S UC AC s 3T B e M R A R R E,
superimpose W J7E 7 #5 V8 FH BT R ME LAfE advice 3. 7E
superimpose SR8 BT AL 5 B E FAT A MR MCLREH 1
FUO ., AEAE SEPR_E BT LA HE advice IBISSIA.

3.2 FEHT B MCIEX

BRI T MCI 8945+ {8 & RA 28 R E R N
Eoar, e 2 RS E AR, & 4 #R A e Y
SR R FSRAE AL, 3% hn T (15) (20) (22) BYRAEL, € LI
BYF- R ¥ dispatch, enter, exit ¥ 53 Bl £ S B F A X RE AT
SR FEE ARG BARPATRT AR R AT R AT R
W, FHRVLEC T NS E R EMNHEER.

T.20+6,9 F exp=>p, 201 (13
(T + (pymn) = (Conyy++ s vmn) yexp’) (14
dispatch (T, 21,6, (pymn) )=’ (15)
T. 20,9 Fexpr=vm 22 (16
S an
T, Zn 96v7] "‘expn:"mnvzn—kl (18)
3 =Llvmevr, oy om0, a9
enter(Ty Zutr »6, (pomn) s )= 0t 20
Tv 2n+1 9(991]’ FCXP’:’IH 2n+2’ 210
?Iit(Tv 2n+2’v0.(p.mn),y’,v):v’,ZnH’ 22
T» 22010y 9 b exp. mn(exp yoorexXPa )0 s Lotz (23)

P 4 T 16 75 T B VA SR B AL

HHRITA B superimpose 23X FAE TR FF I 1A AT HI 8%
SRAE , superimpose APE XX FEFHHUE. I TEHF
HE N RBESBFSMENES, FEW MCIHE X4
BB Aspect] XHRBIES F. TUSBAKES W%
P, 3t MCI 8938 LT #H— B AR, (9T AHT
30 %k Aspect] HIZAFEHN , 5 H MCI 7] ARG b 1y FEH
4. BT superimpose K AE A WAL 35 B 3% fn po 3k X &0
(WY, R fE S A 5 B 80 i 9 5 JY B i MCI 12
bR MCT —3, X2 i 75 18 MCI iE 8 1 (] 75 [ AR
BRI S PR TR ERY .

4 % Aspect] EF FHHEIEN

F) 2 E MCIHLI 3 2 Aspect] 9 E 2T B9 I %
Bries AT PR BB A Ay B R« (1) AR Java A1 As-
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pect] H SRR , AR H B 189RAEE X () A E MCI
B SO X e 4R R S AT B R s (O R MCT #4EIE X
B RAEHE SR, IE A RN A RSN, BT Ja-
va F12& Aspect] iEE ISR AT K A HAE, T
HE—PHNEESF— M BRFHEW, RIEEHIEREE
A SR, X AL o R A S0 A SR U S A PR B TR T &
HWEF S M XL uE i EE

4.1 HPBPHNARIEFX

7E Aspect] #7,Add Before-executing #LM F R B RTER
BATRT, I E LB advice $k (B ES 18 (weaving) , SN
BT RIS advice, X 1 advice 7E H S HORHE
& TEARBITA MR IT. B5 ABRBIELEEIES
¥+ Add Before-executing MUNIHATHIR G WL WFRT . K
A B SRR HLI o LA AR B s LA

S @M AR E MCLEE TS #T7ER k
iERAL. B 5 B ABERARA T —F A RBERR, A
FEMTUSEREMAKESHRABER, EHRIRY
FEHAEEIES N, THHT - RLZMEY.

EHEANG R D, s RRLWHMFTHEXHES,
fsFRIBRAELHES, ms BRFEENWESR pes R
7R pointcut IS . FEEEME advice REERRNES,
HRELHIFFPET advice BRI

& advice P9, ] LAZEBHEIRMY join point b FICH B
8. #ikR bind(context) U FEAR S A LT SCHY point-
cut i E . B Add Before-executing # Wl Z= il () &5 ¥4,
body' ZEHIA £ (join point) i LY EH# before #f: i f) advice
ZEHAT, X BN ERNAE BT H advice MR BEF—1 8
AT AR IEERE AR AT IR . B, FIA B RA before
¥R B advice I E X 7E before Fl around ¥ & B advice ZJ5F .
after LR advice ZBT. BIMEFLN Add Before-executing
FEH advice BRIGHAT X TFERA — B HM4HE aspect
A SHE ts F15E XA advice RARAIMRELR B 5 K AB
oy EdiE S O R E LI PAE T % &4 8L .

EMNA W body BAFTH, REAR LT SURHLL
FRIERL N KB A B0 Aspect] ¥, Bt this 3§41 7] LU#EST
AR A K FBRME, Z£ R AR body [cthis/this]H, i &
this H A HEHHBELRN body # K ZE R cthis,

it EE AT LG H B S B ABI R R, fE
(kB T Add Before-executing # 01, 3 i 2= 4 05 0 iy bt
8, 0000 T EBEE A5 AT R, o7 LUE A 6 A MCIiE X
B =X 7 2E B 000 SR 2 A A R R . R (RAE BR , 07 LUfR
AR T &AM AL WRMER LA, BB FH .

4.2 FRMEMERIIERR

WIEE 5 8 AB 32 #9iE LR, Al MCLIEE X Add
Before-execution #BH M F7H XL H ik, R w0A 5 8
C.D#2FI=.

5 5 8 C.D #4r, ¥ Aspect] [ before-execution
advice B} B) MCI & E ) superimpose on enter &%, [A]
BHLE RBE7E 3 7 3 FF bR 22 S Ak X superimpose, 7ER 3L
T B advice JBFE A, Xt Add Before-executing 31 i MCI
ERUAERRLFEE L EWERE, XFEX advice 31k Fdt
I8, AFER enter b FTE LK) superimpose BUFEFT A H
‘BB superimpose 2 B , EAB {57 B superimpose B & B 4T
BpRy,
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ts A ts B ts C ts D
class C { class C { class Cextends T{ class C  extends {
5 f5 fs 5
ms ms ms ms
Tm(ps) { Tm(ps) { Type m(ps) { Type m(ps) {
body’; body body’; body
body } body }
} } } }
} paspect A { } class M extends{
pcs class M extends T { void main{
paspect A { bars void main(){ superimpose body’
pes before(context): sis on enter class C
bars exec( o (C.m))&&bind(context) mainBody &&method m
afs bind(context){ body’[cthis/this]} } o} &&atgument ps
} afs} Sis;
mainBody} }

B 5 Add Before-executing(A.B) ZRFEHLI A Add Before-executing (MCD (C.D)#m 2L

AIXERHMAAE MCIK T EY BH RAFEEA call

FOSREAI &4 7 8038, AW o] MR B EE call ZSMNFEHE
i MCIiE X, mainbody FAR— 312 C s m KA
F,H T EE g let c:C=new C in c. m(ps) fg4E 57—

R USLHN T EM M. T superimpose {U{L B W 7 Bk
VA RBITE L, T mainbody = {F{a] 3L € i 17 58 45 4 0 20 B &
TR AR T 4432 superimpose E X IR .

dvice eval advi
13 ] 1]

[eval ps]

IELO ‘LS

y W
call M.main 4
—eall Mmaing) T 0T

B 6 ZMEysRER
=83] Ro | =rd] [zrsRiz | =re sr6{R13 | =R7 [=rs] r16] =r9)
[eval advice] {eval advice] D [eval body'] [eval advice]
srals Ere|  [|=refrio Ens | =i Ry ER7 [ert]ris Ere | [zre] mislzrd]
4 (dispatch) A feval ps] f lenter] [eval bodytd fexit]
perimpose body’
A7 AHRESRER

Al 6.7 hERBEHF EY B MCIE XHEH Add Be-
fore-executing BN AR EHE 0, B 6 BR T M 22 iR
HESIW, CHERRBFETRENSEI T EAR. HkE
AR MCI#R/EE L MRE. TEEAKNBRRAE—1E
AL A R, BN IEF R RS — N R
R RBRTHRF SRS . F— 10 A8Ricy L.

BRRE—IEENIES RS (L2) , RE £ sis FH su-
perimpose & UR{E(L3) N let fp4 MR (L4) . Let 4 E
HTHEMHFERAAE CHRIE mLS)., HEFEARMER
W g 2 ER, & 55, AT XT dispatch MCI B2 HE (LD,
RIFREIT NS Y (L8), HHE AT enter MCI B FEHF
(L10) , BJE RoREE LB T AW & & L1D, a8

« 260 -

body'(L12)#1 boby(L1D BN RS . BJG AT exit MCI BiE
RIS, BT RROE MR IAT R B, XA
B b R HE# 4, i body, ps, dispatch 1 exit advice TE
ir— R BRI

B 7 pRAAMERER., EEMNIES R ROET
FH—MRORMA,EXMETRATEEFA 7 HBRNELH
superimpose( R4) A ¥ A B X # R ) superimpose(R5),
Rl Z2 2L, FFEp VA 35 C. m, R{E superimpose fré7%
HAFEC HFE m(HSEN ps) 8, B X ERTH
body' BHCHE F i T Xt S AF K A9 registry, enter K {47 By 5
B (RIDEFFHEXIRE registry XX T ZH B BEIC
HIFHATER AT R IR Z B AT body' (R12), R ZEM
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M A — N REE S B RE R A body(R14),

EHE 1 Add Before-executing {1 24 Y0 24+ .

TERH - 5z BE7E RIS 4 44 06 S0, FRAi ] R Xo AR sk ] LA O 357
X RAFEXT R B BT BRI . W5, let A AT LUE T
M—A B X R T RE field (X EFH XN RFE. BINE
FXT RN R R QT EREME. BETEEH AL ME
kP,

PEitt IR BB T R K AORIE M T A,

LM, FRIEM M RERX R  let(Le), dispatch(L7),
ps(L8) senter (L10), body’ (L.12), body’ (L13) il exit(L15),
Hefpt, A YRR EAH KA R E 3 let(R6) , dispatch(R9)
ps(R10),enter(R12), body’ (R13) , body(R14) 1 exit(R16),

By — PN RER 2= {(L4,R6), (L7,R9), (L8, R10),
(L10,R12),(L12,R13),(L13,R14), (L15,R16) } , 4+ 47 X it
TR R

(1) L4 F1 R6 BYR B85 : Sro [seq] [let]—L4, 3y, [seq]
[let]—’Rﬁ;

(2)L7 #1 R9 B3R {E %% : L4—[call C. m][ dispatch][ eval
advice] —L7,R6 —[call C. m][dispatch][eval advice]->R9;

(3)L8 1 R10 WK (B %% : L7—[eval ps]—L8,R9—>[eval
ps] —R10;

(4L10 #1 R12 B95K (%% : L8 [eval advice]—L110,R10
—>[eval advice]>R12;

(5)L12 #1 R13 #ysR B 4% : L10—[eval body’' ]—=L12,R12
—[eval body']->R13;

(6)L13 1 R14 iR (%% : L12—~[eval body]—~L13,R13
—»[eval body]—=R14;

(7L15 F1 R16 fyR{EH%E : L13—[eval advice]—>L15,R14
—>[eval advice]>R16;

BRMEFHTBF WY BFHEEN S0 fl S 2HSE
B, AR A (D BT WK AT R M IR E Fidr S HR A R R, H
MHAAHER =S PRI ERANEEHARN. BIEEX 2,
EFE 1B,

BXANIEB AT LA AT S b 3T BB Add before-call FIHLIU
Add after returning successfully, Efi1M—KEE#FEHK ad-
vice, LW Add before-call £ dispatch Z5#4 I {# F§ superim-
pose, LI Add after returning successfully ¥ 7 exit Z5#J |
{# F§ superimpose, #{ W] Add before-call B %5 ] # & & b
body' #E HoAth 75 25 A FHRTBOR (B . XK body B E L T8
VAR RS B0 SR AR, P 1 2050 B9 SR (BB 7 %8 body' 1K
7E dispatch WEZ &, DMRIEEET S B T ENSBETHR
. MW Add after returning successfully £ B 3t A< 25
6L, ME— B R [R1#E 22 1 B SR BB body’ BIRZE exit ¥ &1
B, DRAEZE SN K B33 body' #E body BEHUR(E. T &
— LA — i) R AL 38— 250, L A i 4 K34
HR I UEAF R & 2% .

HXTITEMEE AILRETEy SRR Y R
B X[10]H @ X THBEHES & X TRHTHTHENE
YiFARF . (11, 12)J4H T LB RE AR LY
mAXMRIES. EFEHT CSP 8 T4, ¥ A & (oin
points)fEAFEE S, EXTHMEFZHNEN TR,
BRTEREHABNERYE, A FEFHKNE—MRSNE
By XEE S EIEENEMNE . X[13]E XL T A
A B BE R, BB R IR Aspect] BISAE, FBHER T 46
RSB —TBENEE. M EFER
EZLBRSWNREAEXEEEMEXNER, D TRILIEEE 2,
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R T AR, (14— B &4 N T E MR
HHRH T — 556 M Java B Aspect] BB &M, R
REIFS{UCEEW L RN RGN HEI ST, &
RIEHEWE NS ME.

BRFENHENEERFERE . HinhmeERI
YRR ST A R SCE, B 82 R E o Em RS ER
W HATEE FRE1L, B e 3 8 80 B S E LS K&
e E S WIIR Y A WA 3 TR - S M 2 N v =4
HXTBANREE T E X REWHITE I ER, K T #iR
SN BRNE S, X MCLHEE LW F EY Rk
A B R R 2 Aspect] B advice & X BT, KR
AT RAE N A T A R EIES AR, RSN E X
BENE B A B AR TR A R, AT LUVE S 4% 1 AL I 25 4 4 B
AMGEHKER, B TFEE A ENERTUEREEIEHM
WG SN, AR SO TAE S it R B MR LS M v AL IE B
IR T A4 1R 15,

HF MCIE X Z EELEE W, A st T s |-
BIEREAR T RXARE, BE T 5 WRAGEN, Wikt
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