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Verifying the translator for aggregate based object-oriented
programs
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iNara Institute of Science and Technology

A new programming paradigm AOOP, Aggregate based Object-Oriented Pro-
gramming, is proposed. Aggregate is a kind of template for composite objeéts,
which defines relations between each object as tree structure and provides a mes-
sage delivering mechanism. By using this paradigm, it is possible to design sys-
tems more simply. In this paper, semantics for aggregate based object-oriented
programming language is presented by translation into w-calculus, and then we
verify translator which translates programs using aggregate into ones in normal

Objective-C language, to show its correctness on message delivering mechanism.
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KL LBAT Vs rOBREEHA LAYy E—-VREL
SYAL—FNELLBTN ER|LTWEIELE2FHARLOT,
FEUTRT LI VA L= 7 PR TF I LT
moEEIERVWILEEET .

A ECERENLT OS5 LAOHEOBRELRAT A
DI, MM TEELAERBY - BEETS. T, RO
L3 hnEtEOI—F %BMNT 5.

Getlnfo(OUT) ¥ OUT(v). GetInfo(QUT)

Z D agent ¥ 7T 5 AD agent EHATICEESE, Vo
OUT 2B L CRESNL R SMEOHEICHERA TS, £
72, TOVYZOUT LT AYy —VREEHEOFT V=
2 MIZAB% T % agent DARTE Ay E— VEIEEFEIND L
I, AvE—VEBRBEL BV Ay - VRORRHR
DA, SLIC, ERENAFT Vs biCHLT, —F
KEDONLAHPEI B TOENDE LI, 7 TAEHDE
WHAB RO LS KD B,

L(DM:E]1w)
= (v3) ((ma)([ D J(w) |
vy (u). [u = REF}v; (w). Done)
before OUTw. OUTm. Done
before ((v2)([ E J(v2) | Bval(vz;v3))

be fore (u)Wu. Tm. Tvs. u(v’). v/ (v"). Copy(v”,v)))

[ Gdec I(e) = F(Cy). (G(C1) 1 E(Ca)- (C(C2) | ---)

ZET, 75 AEHOERBAUNOLHIIERNICH LWEH
PUBELENLIHRICHRBRENTWEL, 70 5AHTHE
BENZF T V27t OBEARTHEDOT, LERETO

ZRIEEOETAHI LN TERDDEERD, FPFVAV—
FICEVERENSTOT S AR ETEL - NI
LTOERICLT, AvtE—IVREERCHEESNLZA TV
IrBERAYE—TEEY Y OUTIHLTHATE LD
Ca—-F AT S,

Kz, BEMBEREZED T, rsfELTOT O ADO%M
2EHETD. .

E¥ 1 PP % agent, u ¥GHIE L, EALREBBLTER
WL RERTIREEICHYNT S agent % Ppra & KT,

(1) P P p (2 ep
(2) P=<=s P iz P(-Z)tP 72720, P' = Pgna

EH 2 ZO0D agent P,Q LOBE R 25 Ay v—TEIEIC
B L CHBMBBRTH B & ik, KD 2DDEMIRILTH T
LTHAH. IZC, a={u 1} Ths.

(1) P=P OLE, Q=Q »>(P,Q)eR
(2) Q=>Q Dk&, P==P »o(P,Q)eR
TOLE, WEHE R ORNOES T HENHK ~ £T5

COEMBBERHCT, TUS 5 A0%EMMEERARL L
HCEL, FAaBBEHEVWASOSS0% S 2HEL,
NEFOTEAHBEICERLEVD) P, PIVAL—FT
Objective-C SFEICER Lok, rHELCERLEZbOE Q
E¥h oL, PQ REBRICEEL, V7 OUT 28
L TEH SN EZHORY2E CChiid, BRI L
T5.

P2 p2ap | 2P D P
n T

QéQlé‘%Qz a=>Qn => QEnd

TDEE, PxQ BT S,

DTFTi}, FIVAL—FTERINIHBEOT TS T A
FNFNErEEICERLAEDORRT P,Q TKT.

4.2 B - EMRZICLBZI3FT O I70D
e
TETE, BHABBO Ay - VRS TRtSATY
A, Mt MEFRRCLEF TV P OBEDAEHNWT
Ay = VRERFTRITOTTLY, FPFVAL—-FICL
DIELKEBREND T & 2RT
FOVAL =S T Lo TERENZBEDTTT FATAY
- VREFEL CEHET A 720000, M5t - et RTEHE
LLBIEN, XAy e—VREROFT Vs b BRLKER
FORKEDFT V27 b LTELLEDONTRITHE,R
L%, L7z#oT, 22T, FIVAL—FHF Ay E—
VRERTLITUTFLPEL(ERTABI L RRT 2D
2, BREOT OS5 ABWTHL - Mt RIS AR
FOAT7TV 27 P RELSHEBETETVAI L EHANE.
DTTI, BEREOEER2ERTLIADIRILVIEK
BEFEAL, nROANFRERSNRAMBOZ L E
E n OB LR,
Y, ROL )% AGOFHA%IT bR VIR 1D
EHLELD.
(B fERE 1)
AG Aag has
a: CLASS Acls;

B : AG Bag has
b: CLASS Bcls

end;
C: AG Cag has
c: CLASS Ccls
end
end




HARE P THERAINTNS 2 T A “Ads” IKIRD L
w7ayIavBna, £, 75 A “Bds?, “Ccls” i, X
vy ¥ “begin® B VWIEERL, 7T A “Ads” Pt
HLEH#RETS.

7T Ak DRk 7 Ads.m DB
#import { objc/Object.h ) i@;}r:};l:x?entatxon Adls
Qinterface Acls : Object 8

} [/a test];
-{begin' . return self;
- test;

! - test { return self; }

@end @end

TOFOTSAE NS VAL DT OY S A FETE
AL, VY2 OUT 2L THEORRELHAITA LXK
DESIEBBRTS.

test

P§£Uﬁ=#f5;$Pmd

Q ads Q1 fest Q2 => Qgna
L7952 T, P=QARYNEL, Thonr/urs 7aikAy
- JREEIEOWTEMTHE. Tbb, BIEL “/d”
CENTELL Ay E—VRERDF T V=7 P EEEINT
wh,

75 A “Ads” DAy E— VEBRBEETHNZ ALY
REOBTLEEL, BAMRPOLERAT Vs P IC
AvE—VREETEIT ST ACONT, AROFET
FOEMUEE AL, FOER, ROKIFRTAEY - IR
REEUTOS T ARTITHEMERS.

TET BNEE
[/a test] [./a test]

a | [/B/btest] | [./B/b test]
[/C/c test] | [ ./C/c test]

51T, 75X “Bds”, “Cdls” D7 UF T AREHEL, K
DEREFRTAT V27 ORELBOIz Ay = I%{ELT
RITUTTAIEONT, FOEMELFRL. ZOKR,
FALOTUTTARERS I VAL—FICEWEREN
LD EEMERS.

TR TR

[/a test] [../a test]

b | [/B/b test] | [./b test]
[/C[c test] | {../C/c test]
[/a test) [../a test]

c | [/B/b test] | [../B]b test]

[/C/c test] | [.[c test]

PEOERDPL, TORGKMECEHEINTVIRGAT
Txs FOBTIR, MY EERBICHLTAT V27 b2
FLLEEINTWS I LFSERTES,

HE 1 AG OEAAMMTROILTVRY, B 1025k
PRETLBREMETE, BRAT7 Vs PET, B8
HEREZANTAT Vs P RELEETE S,

Ko, BB 1 0EHELTFOTIH T AG L LTER
LTWhEE 2 NHAMEEELS.

(SBEME 2)
D : AG Dag has
d : CLASS Dcls;
A : AG Aag has E : AG Eag has
a: CLASS Acls; e: CLASS Ecls
B : AG Bag has end;
b : CLASS Bcls F : AG Fag has

AG Gag has
g : CLASS Gdls;

end; f: CLASS Fcls
C: AG Cag has end

c: CLASS Ccls end
end; end

COWGEE P T, - EEREEHAVTELL(AT
S o b OBENTREALIEEHEIDE. OFh, EEO
—oDHRAFT Vs FPEATHT Vs FOBER AV
Ay b—VRERFRISUSIAETNENEEL, £h
LFRTEDOVWTFIVAL—F I o TERENDHIERT
S UYT AL THD L RSO, f27EL, TSI TH
RI-ERE, HEAT TSP DAG P LBEEEORRLT
Vst ICOREORBERELEZLOTHS. A,
ATVt b b FERETHHE T, MK
T “.JC/ %, FIMITERTH /A/C/” EBVTWE.
PTTi, corIREREAVTAT V=P 2BETS
T ERBENAIIC K BIRELFRSE.

ZORREDPL, TORGERBAOTNTOREAT Vs
FALBEOBEF TV FRELLHETES. LoT,
ROFBEFELONS.

HBE 2 AGOEAALTR o TWERVES, HE 20 254
AEPERT D HRERBICBVTIE, M BREICI A
SV PFELLIBEENS.

WE 1,250, ENRTLHRTHIC, BETO LR
BATTz 2 bbb — b AGHELCHEETEHI LA
HRmTE5.

RE 3 BEMBTOEEORREAT Vs POV~ AG
FPELKHEETES.

ARG 2 Tid, HAHEE 1 TERINTVDS “Aag” #F
H7AG L LTHEHENTWAS, L2 T, “Aag” IZ&
TNAMIAAT T2y b “a”, b7, " OETOMFTREIC
IBFT Vs bORER, BAEE 1L THT Vs O
FIFHALEZVOERA—ThE, ZOILhb, BE1D2
SARET AGEH T AGELTHEALTS, A—/3— AC
DEEIC LTI, HFERREL{TabRb T L1%HR
TE%, LA ->T, ROBEVELNSD.

WE 4 AGOBFIR# T o TV RVREREICBVT, B
K 1D 2HKREERT AGRYT AGE LTHERATEHE,
7 AGHDHREAT Vs AT EREHVWTELS
ATV VP EETED.

TIT, EEk (k> 2) D2AaRERTEHEEICGLT
FSYAL—FAELSEREFR, M- KRR H
WTE LA TV o/ P ETEDT L2 RETS.
BE k41 Q2 RERT AR IL, HSk OUBCHS
AG K, Y7 AGLLTEMA T Vs P DAXFHIAGE
W OPBEMLTERENS, 2T, BNs3hY7 AG
DILDEBOZODAGO % 5,7, BTA47Vx0 1 %
at, ¥z, FOA—,—AGO %5, T, V—F AGO % R
Eta, 85I, BB <i<k) OB HEROWES
A7V by, FNDAGORULTA. CDLE, 7
Tt sbbtu BEETLIHEEEXDL. sPLIND
DAT V7 P AELHEEESNL DI, RORISRT
BHICLD, LudEESNRdTHELEW, 2T, &
T2 s A TT 2t EWET AL E st LR
. F7, BREONRAKCLAEER, T4V UELOH
SEERLTERL TS, SBPBHIIERSLTET.

e | etk BEENACIDRE
s —u | AXEE | ../6/U/u (€8]
M ERE | /6/U/u (2)
s—t | MWRER | /8/T/T/t (3)
MISER | [6/T/T/t__ (4)




T, B (1) 1 <0, 6 /U EHETE,

o WME4LD, KL« Ts— SRy ro.

¢ Bk DERSHIERE THRENIE L CfFhbhB I L Hb,

EH 96, /U/u” T5 — w25 D 3T,

LoT, REASHL TR TEZ LW F SV AL—Fc
PRTORENS, FIL (1) Ts— u2RH T,

KL (2) 25 (4) KOV TS, ARCEXRLHETLo &
KLY, ROLICELL ATV PR ENS,

(B [ AHENFER | BUT 5Re B
(2 {4/ s—R (adh)]|s—u
“83 /U ju” R—u (bkh)

s—35 (c&h)

(3) | “&yT” ST (b&h)|s—t
“T/e T—t (c&h)
< s—R (aL9)

(4) | “6/T” R—=T (bih)|s—t
“T/t" T—t (ckh)

a. ﬁ%.‘i
b. B3 k OWHBE KOV TORE
c. fHE 4

BEnzidsn, (1) 5 (4) DERETRTEL{ AT
Vs P WETED, LIFoT, Bk KOWTOREMR
EPLRDEBRIRY LD,

EE 1 AG OBHAETLRDRVEE n O 25K% BT
SR IS BT, M - MR R AV OB R OEEOR
BAT Dz PSELHERENS,

KICBFAE T2 BEBBEELL. 2285 THR~I
I, BEBBOTEETII AC PHEHATLZ L2574
5. FIVRL—F it AG OBENTLONIEIC AG K
EAGEHOWIERREL, AGHEFAASNTVAEAIC
2, TDAGRIZ L4 > THED AG ERICERTS L »
IHEEACT, BEEBOERLBIL TV, Lo
T, AGOBFIREITh o/t MERB A LH L2 LD AG D
BHRAZEO AGEHEKCBERITBVHARE B % |
FYAL—STEBRL, BRERPEBTII LT, Z0F
BOELSPRARDIEHTE D,

RIRT, BRAT V20 F OREHED AC OERE
ol HE 1 DHGRE A LEFEIATYS AG $EN
LI B 2 BT S, T NLOREEEBICBLT, 4
XM RRBEAVE Ay - URER RIS ur S A
FSYALV-ZTEBRTBE, BREOT TS T AR AGO
BEBRNTELVWDDELR S,

(B EPEE A) (MBh N B)
AG Aag has AG Aag has

a: CLASS Acls;
B : AG Bag has
b : CLASS Bcls

a: CLASS Acls;
B : AG Bag has
b: CLASS Bcls

end; end;
C: AG Bag C: AG Cag has
end b: CLASS Bcls
end
end

FEIDAGEFAAL LMaBBIconTbEHEsn
12707583 LSR5, $i, ERGRPERE A D AG“Aag”
DI, TTICAG OHFHAETEoTWS AG 2 X5
KEMRLTYS, 2 BRBICERE247% O 8BS RRE I L
THRAMOBRIBONE. FH1L Y, AGEERLTH
FAEZ LABSEBEREL(ERENIZZ LIS, } 5
YAV FRBRASNI AGRELLEBBELEF LTS
T E S,

W5 AGOBAE LT - - BBER IZBVTiE, B
HEnr: AGRBIHD AGERICEME N, 4% - %R
CENAT V27 b PELLIEREENSD.

BLoZehs, MAOBANELTL 07055 8108
WTH, #i - HRRBEACCELLAT Voo b 2igs
TED. Lt s TROCEIBLND,

EE 2 AGOBHELTo12HE n D 25K % Bt 85
BiiB»T, #3t- BAREITL 24TV 2} OEESE
LTl bis,

COEBDPL, B3 MHETCLIAFT Vs OfE
KOWTRIVAL— S OFMOESUSRENS:, Z0%
B2 2 ARDOMABR IOV THPD D DTH B, #
BERTEETnlO AG 2ROBSRB L AL & ic
LY, IO—Ri7% 0 PROBEABBIZOVTHRIDLE &
PHEETH 5.

5 HhH(C

AHRTH, BAMBIETAT V2o M g7 RS S
IVIBBOBREAEIETELS. S51T, ZoriEA~
®%&ﬁ%iﬁm1%ﬁﬁﬁ%mwt7ny5A%ﬁﬁL,
At BEERICLZA T V22 FOHER AV Ay -
VERIZOWT, SGBRICESSUTS I VDD
FIURAL-SRRIELS. Tk, BT urSsIvy
BELABROBEELED I LITE L,

SHOBBEL LT, v - VREBROZOMBORSSS
ETH D LFHEBR BRI DOWT, $77, BRI SRE s
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