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Aspect-Oriented Specification in Moxa
: Toward Modular DbC from Protocol Descriptions
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We have been developing Moxa, a behavioral interface specification language tailord for Java. Moxa provides a
new modularization mechanism called assertion aspect that can capture the crosscutting properties among asser-
tions in a specification. Using this mechanism, we can modularize large and complex specification of real-world
applications. In this paper, we bricfly explain the design of Moxa and then discuss its extension called protocol-
oriented aspect description. The extension provides convenient way to describe, test and verify specifications that
are described based on method invocation sequence.
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public class IntMath{

/*@ public behavior
@ requires i >= 0;
@ ensures \result >= ¢
@ && \result * \result <= i
@ && (\result+l)*(\result+l)>i
ex/
public int intsSqrt(int i);
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/*@ public behavior
@ requires r;
e ensures e;
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public class Cl{

public void mi(int 1i);

}

spec Al{
/*@ public behavior
e requires r;
] ensures e;
@x/
void Cl.ml(int i);

}
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public class C1{
/*@ public behavior
e requires r;
4 eusnres e;
ex/
public void ml(int i);

}
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/*@ public behavior
@ requires ril;
(<] ensures el;
e/
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/*@ public behavior
e requires r2;
e ensures e2;
ex/
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/*@ public behavior
e requires rl && r2;
e ensures el && e2;
ex/
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"public class C1{

/*@ public behavior
@ requires rl

e && rall
e && ral2;
ex/

public void ml(};

/*@ public behavior
@ requires ra2;

@x/
public void m2();

public class C2{

/*@ public behavior
e requires ra3;

@+/
public void m3();
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public class Cl{

/*@ public behavior
@ requires rl;
@/

public void ml();

/*@ public behavior

.
.

@x/
public void m2();

public class C2{
/*@ public behavior

ax/
public void m3();

spec A{

/*@ public behavior
] requires rall
@ && ral2;
@x/

void Cl.ml();

/*@ public behavior
4 requires ra2;
ex/

void Cl.m2();

/*@ public behavior
@ requires ra3;
@x/

void C2.m3();
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spec A{

/*@ public behavior
@ requires rall
e && ral2;
@x/

void Cl.ml();

/*@ public behavior
@ requires ra2;
@*/

void Cl.m2();

void C2.m3();
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init ()
=> (start() =>stop() )+
=>destroy()
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\
public class Applet{
/*@ public call_seauence
@ init()
@ : (start() : stop())+
@ : destroy():
@x/s
}
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235 LRERE, 7G4 D IML OBEEDATITH Z
ERTAETRSS, Ll ey —r v AEW
RISt BREAOHBK P TERICERT 201E
WTHd, £, HblikboTHoLELTH, 818
DAYy FioaT 2B icEE R ML 5 BEIHY
FHirdd 35,

7o btarBBofKR, TOWERIRLD
3, SLXTOABREELRMA S L E2FEALNE,
call.sequence DEALXFOEETHL I LiZk
3. O LERWRT, Ao tareEERRTES
kI THZLRBERALELELS,

5.3 #Eihr0 s LosglER

7075 HOFBRIL - MARLICER L, 8L 7o
FanEERT s LEEBEL 2 WEENSH S, £
2, FhEEBR) OMEELLLH S,
70k LOSEES

BiER 7o anzi ) Bk LT, Yoonsik|6]
B, SRV TERTILERELTVS,
EAE S

(-‘1()'>01()->02()->52() )

LtwirebareEBLwEA,

(A:a!()->a2() )

RELBRTERLIRL, TOARREHDTY—7
VAD—REREBT I LMNTES L) Ichhhild,

(sl()->A->32(’) )

LB TES LI, ThERAVEILILES
TR b h s,

LoL, o2 cilkad LS MBEoRHRIC IR
Siv, BELRS, STOFETHRRINIYUEES
EREDSDREIELLGTH B, TDEHHERD
Be, 22 RAThiIE, BR2OERMTERL T
WADLERPET S LNFA/TH B, Licdio
T, BEREEORSEIRELATLRL,
70k 2L ORIEC L 358

25 LS {boRIE X, IML O &I X 5 BRRi%
- WBEAOARITERVETL 2WELAROD
DTH B, LIdioT, Moxa DEY 2 —{LigHE%
HoT7RbFaNENHTEILILKD, ZHLE
R oRE NI EE L 505,

FlziE, TvR—F—DftficowT, Fotan
OWCERBRTHZLE2HLS, ST, ZBET
OBRYIHL., —EOXLR—F—NEET LRI
LT3, 20k hBRRETY, RIBEMESR
H B Eds, EREEMIRBL REE
BEEELOREARETH S,

chkHl, EROMES LYWL TRBT 3
LEEZD, MLLT, SHORYUyBHETEN
el L A_R—F =L BIfET 5, C BT
SR, FIAWE 1 RRTREBBERIO L 2%E
BN TH 2, ) LA TEERCETSE 7o
FaroEgzL, 2ho0dliE LT, £fho 7o
FarEERTIILIET S,

ZOXIRFETHMNT S C Lo, HED
FTERKHTHBZILTHS., ZoiRBicE T,
FubaliBz Ll Licaflzhtesi
b, ThEhESTTEL BRI 52 LNTHETS
b, ¥R EET SEEALTH, EEEOR
BFIBEDOEHT S,

Moxa =33 L T Z O¥ER %17 I 18&. IML XX T




3fb, offO

™
3fb_on{)
e_up()
/ W \
; QJPU eUPU‘
edmmU r ‘
e’ @
' etm“, A
edmmO ledmmO —up{)

Y N

(ecup(),e.down() : TV _—%—D LR - TH)
(3fb.on(),3fboff () 3HAEI v DAY - £ 7)

K1 ZREORY OMECHT 5 H3

ZIBLOBLE LT, BAPARY bizidlT 3

BEREATS 7 7 A2WEBLRT T RWVE

ThHD, £, FhSEENICEROS ECH

RAETH 3,

54 HELEZONILHSORE
IHLTRBLAEZo rariclL, X0k5 %

BEZT.

o RIFF AT b o L 72 ® 70U & DL

e B L > TEL2RYINI - 2D
i

o AREERD 70 b+ a DRI

RAZ AR b O SMEUICEFIL E DL

7o b anEEROMERE L>ToH L BE,
2070 aBRTREBERE TV, Thds
ENBZRMA7AR7 M ofiiEhie 70 LEEG
DELDILRZRTTHE, oT, ThenE
FVICFENLE I LOBREZEH, KBEFTS
ET, ARLBENSTELLEZ OIS,
BRIRE>TELIRINEY—7 Y 20RY

F7aranESELTERL BE. B4 T
BEH2 S TH, &L LTRELE i, Bhis—
FUYRBEREN TR AEMERD S, B2 1cf%
T, CHILALDEFELTTOFaLeEET
BILBEIONLVED, DL —H TR
DRHET ) BEHH 5,

/ /« ''''
\p& y> ’\q&&)/ G&@

e 7
a() b() c()
,,l\ !

q&&x (r&&y) \p&&zx

B2 o—%4 v 20804255

BEESRO 7O JILOREE

hiz, BERZEXTIC 7o FaroyfzFic
ENEEL I DTH D, FAENZHE LFITo
2b D Th, 2OARKERIRABEOHFED . b
ZLREENISENL DI 2RI RV, Lo
T, BHERERL, 2hefAEIHETE2 L)
TSRO oD,

6 SHRORHE

7Ok &k B RBRDESE

SEREL 7, Moxa lci 37w b anick 3t
RELOREHRD NG, 7o barziddd s
TeHDHSCRREE L, HEIHA L THRERITT
RELELS,

Moxa T & 2R TR 0 844

Moxa R AR CHEEL T vy S5 Alcnt 27
HOEMBARETH 3, 20, Moxa DB
DFRERT. BENLASHEIZIRERE:, $
COBPTHRBOKE TR Y S Alc L THIR%E
AR L. MERPIRICN L ToBE L ED 2 0E
MnH3,

S AMEHFT 70N
ILR—-F—-DFTCEL B, GROXF L
IVR—FRWPADI FAL L TREZI N B Z & o3E



Abhd, COLILBE, 7R baNRITRAE
BWidsb0Lus, ZHLETatang, Yo
I RBETHERVDEEZ TR 62V,
RERIE - TR

REZBATOAIHETR., TRTERERMBLL
TRBT B Lichd, KBRER, RPREBO—
HEERBRBL L-wBEbsLHFLoNS,
BZIE,

(start() -> finish())*

LGy =Y ABE2 LT E, TDLE,
start() L&Y T £inish() DRIEERT
Lz L iiREMNELoND, 2 D, .start()
LD finish() T3¢ 70/ 56T
TE2EIRLDERBTEHENHS., ) LK
WOREHEIRD SN S,

7 XEH

ABRCHEEL 0 7 ADHRICE VT, DbC
OBWARRTYE - &2 HOZ L0 IHIRKTHA
TH3, ¥HicJava7n 77 7KL T, IML
R OR& LBREIRREHNTH B, L, 208
SRR & v FERSH - =,

Moxa i JML ic &1} 3 R OWHLORE & & 3
WA BE L, 2hzi) ROORHAT7 AR
JrEVIES 2B RBATALIZED, Z
OB EEEZ TS, SEIZCHICMA,
7o b arBlRERAT7 ARSI LT, %2
OB NNT 3 Z L ERREL 7, 581 Moxa %
DHDDHFFICMA., 9 LBBOKREIIOVT
bHATWTETH 3,

P

1] WLEaE, E ek, RMIc L AREHEXRT 57
ARY MEEIREA v ¥ —7 x—ARRER
Moxa iiIBZRXBEE (TR S 7 3 V7)),
Vol. 46, No. SIG 11 (PRO 26), pp. 27-44, Aug.,
2005. (2005)

[2} Kiyoshi Yamada and Takuo Watanabe, An
Aspect-Oriented Approach to Modular Behav-
ioral Specifications, Ist International Workshop
on Aspect-Based and Model-Based Separation of

Concerns in Software Systems (ABMB 2005),
Nov., 2005.

(3] Gary T. Leavens, Erik Poll, Curtis Clifton, Yoon-
sik Cheon, Clyde Ruby,David Cok, Peter Miiller,
and Joseph Kiniry.:

“JML Reference Manual”,
ftp://ftp.cs.iastate.edu/pub/leavens/JML/jml  ref-
man.pdf (20605).

[4] Gary T. Leavens, Albert L. Baker, and Clyde
Ruby.: “JML:A Notation for Detailed Design”,
Behavioral Specifications for Businesses and Sys-
tems, chapter 12, pp. 175-188 (1999).

[5]1 Gary T. Leavens and yoonsik Cheon.: “Design
by Contract with JML”,
ftp://ftp.cs.iastate.edu/pub/leavens/IML/jm
Idbc. pdf (2005).

[6] Yoonsik Cheon and Ashaveena Perumandia.:
“Specifying and Checking Method Call Se-
quences in JML”, Proceedings of the 2005 In-
ternational Conference on Software Engineering
Research and Practice (SERP '05), pp. 511-516
(2005).

(extended version :  http://www.cs.utep.edu/
“cheon/techreport/tr05-36.pdf)





