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Algebraic Semantics of Reflection in Ob ject-oriented Systems

YASUYUKI TAHARA,H* FUMIHIRO KUMENO, 1t AKIHIKO OHSUGA®#*
and SHINICHI HONIDEN®#*

Reflection or metalevel architecture is receiving attention in recent years, since they are tech-
nologies for functional extension and dynamic adaptation of computer systems. In this paper,
we propose a technique to introduce reflection into a kind of algebraic specification languages
called rewriting logic. Since rewriting logic can model concurrent object-oriented systems, our
technique enables modeling of reflective object-oriented systems including metaobjects and
metaobject protocols. Moreover, algebraic semantics is given based on a category-theoretic
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omod BUFF[X :: TRIV] is
protecting LIST[X] .
class Buff .
att contents : Buff -> List [hidden]

Elt Id.Buff -> Msg.Buff .

msg getfrom_replyto_ : Id.Buff 0Id -> Msg.Buff .

: Id.Buff Elt 0Id -> Msg .

msg put_in_ :

msg elt-in_is_to

var B : Id.Buff .
var I : OId .
var E : Elt .

var Q : List .
rl (put E in B) <B : Buff | contents : Q>
=> <B : Buff | contents : E Q>
rl (getfrom B reply to I)
<B : Buff | contents : E Q>
=> <B : Buff | contents : @ (elt-in B is E to I).
endom
1 Maude SFEICLENY T 775 ADEM®

Fig.1 Description of Buffer class in Maude language.
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msg get2from_replyto. : Id.Buff 0Id -> Msg.Buff .
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LTHHAT 5.

RL/R Tit, Y A7 a7, HoREE L &k
AEBOWNTRY. EFOERIFBHELFAKIC, =
Y7 AFXaL = aYERTOIAVAED Y — ML
Configuration TH 5. ¥ AT ADEEDIARITIR
DEBHTH A,

o N—ALNVOEFOMARL, BEOERHE
ERIBRIC, 3V 7 4Fal—-aryerRTHEOE
B2 HATERT.

o XAFLRLVDOBFDAKIL, State V— DI
DERIBANTET. FBRIER R KBV,
H stateCon(? (¢,R),t R) %M stateCon(t
¢, RNAR) KEXBD IS, EHRIDY 7T
Ly ya HBBENCEY, 5t (t|z,R) TSN D
REDP S, 3t (R, R) TREINDZIRENLE
BTrb0LEZ25.

BTz, 3 ETHIJ 72 “addMethod” 2% 71+ 2

VOMBEBROBIZRT.

“addMethod” *v ¥ —i% Spec V— h DIH%Z 1D
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Bl LTED, ZOAvE—URFTHA L, 5l
PREET AU AL, BEOHMD X S REOELH
Bt AU ANIEM (append) b, Lo T,
“addMethod” OEFIIHIGT HEEIZRT I LIk
%, “addMethod” OBAXMHARIZKDO LB TH 5.

op (addMethod_) : Spec -> Msg .
var Bf : Buff .
vars S1 SltoAdd : SymList .

vars 01 OltoAdd : OpList .
vars V1 VltoAdd : Varlist .
vars E1 EltoAdd : Eqlist .
vars Rl RltoAdd : RlList .
var Rest : Configuration .
rl stateCon(~(Bf (addMethod
spec(S1ltoAdd, OltoAdd, VltoAdd,
EltoAdd, RltoAdd)) Rest),
spec(S1l, 01, Vi, El, R1))
=> stateCon("(Bf Rest),
spec(append(S1, SltoAdd),
append(01, OltoAdd),
append(V1, VltoAdd),
append(E1l, EltoAdd),
append(R1l, RltoAdd)))
if member(varCon(’Bf, ’Buff), V1) = true
and member(varCon(’S1l, ’SymList), V1) = true
and ... and member(varCon(’Rest, ’Configuration),
V1) = true .

7L, W, VA7 ATERERTEEN R (0F
D, AZLANLVEDSELIZEMND) BETHE. L
T, Ny 7777 AOMRRE LEOMAKRE b4
K% sp TKRT.
RiZ, 3 BETRLA “get2from” XV v F OHEHKD
AYRBPRIROE %5,
spec([], [opCon(’get2from_replyto_,
[’Id.Buff, ’0Id]l, ’Msg.Buff),
opCon(’elt2-in_is_and_to_,
[’Id4.Buff, ’Elt, ’Elt, °0Id],
’Msg.Buff)],
[varCon(’E1l, ’Elt), varCon(’E2, ’E1t)],
{1, [rlCon(’get2fromMethod,
[~(get2from B replyto I)
<B : Buff | contents: E1 E2 Q>,

“<B : Buff | contents: Q>
(elt2-in B is E1 and E2 to I)1)1)

LT, Z0X%KHE% sp-to-add &£ F <.
INSOERRBRIZEY, Ny T rFT Vst
aBuff ¥, # v+t — (addMethod sp-to-add) %%
FEAZLICIVEREBYDBEEITH I L5, KR
DEHIZLTHP5.
(1) ZoXHIRFRCBVWTHHOa Y7 1Fab—
avid, ik sp KBWT, ROLHILRET
F3hs.
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{aBuff | contents: alist}

(addMethod sp-to-add) rest

72720, rest iX, 37 4Fab—-a o
K oG EERT.

(2) Lkoar74Fal—3areadfioffke
OXDAFRBIIRDO L H TR B.
stateCon("({aBuff | contents: aList}

(addMethod sp-to-add) rest), “sp)
ThHE, TORAYERRD sp OFHRZHH DL
BETIFTHIEN, ROLHIILTHPS.
Thbb, TOXYREE, 4 ETHRY DT
R=ALNWVERITY 37 47 DA Ro 12
BIFS, L4774 7oL Y, KROEE
FLLbH0HThHA.

stateCon(’__ ~ pair(“{aBuff | contents: alList},
’__ ~ pair(~(addMethod sp-to-add),
“rest)), "sp)

L, avyaF¥al—varkig
BT 57200, RAGWEETFDOAYEHRTH
5., LIz, BEOWBIEADE Sk 5.
Bf : “{aBuff | contents: aList}

SitoAdd, OltoAdd, ... : “sp-to-add DR EH
Rest : rest

81, 01, ... : “sp DR ER
(3) FHHANCLY, LEOBEIIRDLHCEHESZ
Wz onhs,

stateCon(~(Bf Rest), spec(append(Sl, SltoAdd),
append(01, OltoAdd),
append(V1, VltoAdd),
append(El, EltoAdd),
append(R1l, RltoAdd)))
ZOBET, ZORERPLDOEKRDOS HIRIEE
B, E25IBICHEL TS L) AEEH DML
BRI bDDARERDLDT, HBRIDY TV
73 a VHENC LY, “get2from” XV v K O
BT OMARRICEmMSN:, ERETIENRT
5.

6. MEMZRE

AFLARVT —FTFI7F xR 7V o aryOFRR
BEREB L OCRENERLICOWTRESATY
Z)1),2),4),12),13),15),18) 75, VR X— A LV DE
BORBIZWNT 2 25 OBELXRI DOTH Y, &b
DL BN REBOEE LR - TiEniw,

¥/, BHRZBA OB R LTI LR FAGRERE
FAEE SN TVLW Y, BENERR L 252 TV
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BVOT, BELRRIEERIAT200VREETH S,

51, Y7L sy a roRoERLIZOVWT LR
RENTEY, HEIFT A FEEIEA SN, A
%m&%@%%% A2 ONTWA, LaL, B
FHEEDER L PR SN TE LT, RKRXTRBREL
7o &) FRNERR D O OB ADREICIIE -
TV,

—HABFEE, Flage TEHRLTWA L H%, BIH
ZEROEEIG L, BB RERES L TWwE, &
SIT, BRBMEFNVES LD ENTRELEEDBAE
B ERLTH %725, Flage DB LRI DOEBRS
BETEIDER TS,

7. bW IC

REGLTIE, FWZ R &N A R TR
BEICV IV a v BALAER RL/R 2 RE
L7, EMZHETIE, #7477 v REIV AT
LAEETMETEBDT, RL/RIZEY 25 FT V2
JEBIVASFT Vs bTO 2V EREMICE
FMET B EFTEEL R o7, & 5ICRL/R I
RS, ThbLRBETVICES( ESHERS
ERD. ZOd, BMEEERL S OEEHR R
WICEDS KRB RREDOEREL 5L LI LD TES,

BaEERL I3, BANGRIEFEORELZIT-TH
D, KBXOFELLIVHEEN L D LT B0,
A GHGEEBIOER L HIEL T 3

#WEE AWFRI, ﬁ%ﬂ%ﬁmﬁn% SHIBE [HY
7 by o T REEILEFVOMERE] O—BE LTE
WLEIRBEER S (IPA) PRV F— - EER
AR AEREL ORFE IITTERLZDDTH S,
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