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Smalltalk — 1972 1anguage interface to dynabook
CLU (abstract data types) - 1973

Minsky’s Frame - 1974

Hewitt’'s Actor — 1973 universal modular forms for Al
Capability-based OS - 1975
Entity-Relationship Model — 1973 data model!
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-C.Hewitt and H.Baker:
Laws for communicating Parallel Processes, IFIP1977
-G.Agha: A Model for Concurrent Computation in Distributed Systems,
MIT Press 1987
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0 g4 objects

e QOle Madsen said:

— Objects and Classes are well-suited for modeling physical entities and
associated concepts

— “Concurrency’ is MUST for modeling
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Computational Reflection

B4 B SISOV TOME HRLE: ALELECEE

\/

M[S

]

A reflective system S can reason
about or act upon itself via the
causally-connected self-

representation M[S]=Model of S.

Pioneers:
3-Lisp (B. C. Smith, 1982)
3-KRS (P. Maes, 1986)

MCPs: meta-
interpreters,
meta-objects

base-level

Representation in a Reflective Tower (Smith, 1982)

S is reified as R[S] within the meta-circular processor
MCP1. MCP1 is also reified in MCP2, and so forth.
Reflective behaviors are realized as normal operations
in the meta-levels (MCPs).
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methods execution
engine
(eval)

Each concurrent object has its the meta-object of O
own meta-object that reifies

. . s /
its entire structure and solely
governs its computation.

The meta-object is a 15t class reified
object and thus has its meta- ~ M¢>°99€ =5 state store
object. This implies that the ﬂ (env)
reflective tower exists for every
object.

message queue

Any object can send messages

to its meta-object. Reflective

_ _ _ message
behaviors are realized with —
such inter-level messages. incoming ——

message an object (base-level)

reflective

Watanabe & Yonezawa, OOPSLA '88
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Metacircular Interpretation of Concurrent Objects

(1) Suppose that an object O has just (2) On receiving the reified message, the
received a message M. This is interpreted  meta-object simply put it into its
as a reception of the reified message incoming message queue. Then set its

[:message “M”] by the meta-object of O.  execution mode to active.

reified meta-object [queue <== [-:put ReifiedMessage]]
message [mode := active]

[:message “M”]
E} @ )

message-queue
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A FAT OO DRBIERBERER

(3) The active mode meta-object retrieves
a message from the queue and looks up
an appropriate method for it.

[msg := [queue <==:get]]
[mth := [methodpool <== [:lookup msg]]]

(4) The meta-object then starts invoking
the method by sending a request to the
execution engine (eval) object.

[eval <= [:do (body-of mth) env cont]]

The message to the eval object contains
the code, environment and continuation.

the method to  execution engine (eval)

be invoked /

[:do b5’dy env cont]

~~~~~
-----
____________

N state store (env)

(5) The meta-object repeats the above
actions while the queue has outstanding
messages. When the queue gets empty,
the object becomes dormant.
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EETEHHEm!!
By modifying the method that > Meta-meta-objects
handles reified messages, we can a N — provides ways to change
add new message passing % G the behaviors of meta-
protocols between objects ooco) 55 objects on the fly.

AN

Se=

Inter-level message passing Customized meta-objects
is the primary mechanism © " canintroduce new
for providing explicit language features or

reflective behaviors. modified object semantics.
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— Meta-meta-objects are used to add/remove
monitoring in/out-messages in meta-objects.

Ay —E BIEMEEA DA LT —THHED
TEDAT—HEA

— Customized meta-objects provide an encapsulated
implementation of the algorithm.

e Timewarp Algorithm: an optimistic algorithm for distributed
discrete event simulations (by D. Jefferson, 1985)
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meta-objects:

shared execution
“| engine, message
router, etc.

Collective behavior of a group of concurrent
objects is represented as a coordinated action (0\)9
of a group of meta-objects (meta-group). 9

The default behavior of meta-
group is proved to simulate the
behavior of base-level objects.

Reflective behaviors are realized
by inter-level messages.

AT OMDEFHIBE,
WIS R 1—7, etc.

Watanabe & Yonezawa, REX/FOOL '90 (LNCS #489)
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IYn,Inc,read.

(counter (n, inc, read) -o

vreply.(inc (reply) -o
(counter (n+1, Inc, read) & reply()))

&

Vvreply.(read (reply) -o
(counter (n, inc, read) ® reply(n))))
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[OOPSLA 1994]
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~ BRERZITHTFYRILOE
e.g. vx:int.(c(x) —o d(x+1))
— (int—>0) > O
BHICET D EIC DLV EDIREED R
~ BEZRZITOIFIrRILERZTEHFrRILOE
e.g. vx:int - O.(c(x) —o x(1))
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[1] Kobayashi and Yonezawa, Asynchronous
Communication Model based on Linear Logic,
Formal Aspects of Computing, 1995. (rec. by R. Milner)

(Basic computation model based on linear logic +
encoding of actors, CCS, etc.)

[2] Kobayashi and Yonezawa, Towards Foundations of
Concurrent Object-Oriented Programming —Types and
Language Design, Theory&Practice of Object Systems,
1995
(Typed higher-order computation model based on
higher-order linear logic + design of typed concurrent
OO language on top of it)
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N-body simulation by Concurrent Objects
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— A7z DE XA (serialization)

JavaGoX [FRERTENTNBA TSI EH
RIKBRSBEHENTESD,

- EFREAYOEE—TL-YEELZY T Sa—FIZEH]
ERIZEAT S,

— NAMFO—FZE#IZKYEELT-

cf. Sakamoto, Sekiguchi, Yonezawa: Bytecode Transformation
for Portable Thread Migration in Java, in ASA/MA‘00, 2000 for
detail.
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their interactios
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Image from “Programming Second Life with the
Linden Scripting Language” by Jeff Heaton
(http://www.devx.com/opensource/Article/33905)
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