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Abstract

Distributed computation framework is proposed, where message can be treated as first class objects in a
message-based distributed computation model. First class messages allows the programmer to describe
wide variety of communication scheme. A concurrent programming language, Harmony/2, is designed
based on this computatio model. Harmony/2 is based on a single-thread object-oriented concurrent
computation model and it incorporates both asynchronous and synchronous message passing.
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—J5. FEFBBH—E A v £ — it FILARE %
BLTBY, ZEZR Ay —IURE T 28
2o TWwd, ZOHED fire BfETIE, FESH
oAy =V BB IR R o TV A EE
BIZELND, fire EZ T o2 AV v FILILEE
EREDLEN VDI, fire BRI -7 B I0 BT
ERT T 5, LIzAoT, fire iR T o2 AV Y F
POk, BEISR Ay - VIR EER
NTVBEIRARLD,
—H Ay e — VORI, R E v S BRI fire
BRIEIHES | BfEoEVPo&HT bR,

copy copy HfEIX—R A v £— VI T AEWER %57
%V, copy HIEIC L o THEREN DAy £~V
A —B Xy -V Eh b, T, FERIENY
—RA Yy =T EFDBBUI LT fire #fEAINA
b7z T, FEZBLZOOREFESNLE &
T B0 ThH B,

reply FIHIR—# A v £— V13T 5 reply #IETIE.
A = IUBRBET B X v - TV OFEZITN
LT, BB o, — Ay — I xEFEIL
DDIEET B, Zhiz, #RLED fire reply
BEIZ L o T, SRD ERESEESICEL N,
WEIRT B0 THD,
FERFIH—B A v £ — V2T 5 reply HAEITH
??b&'vl‘o

5 ZiEM

AT, AVYFELZ % mth DXy = IHEH
BNTTELAYE—TDRAY y KLY 5% [mth] 2
%) communicator [ZEGEX N T [mth] &\ &ETo
AV F BT 5 &7z, [mth] 25T 2 T8
TEELBEERBEL B CEZ I LDV THER, 20
Ble U TRREBESERATEL I ERFE L. 206
CEFR L 7 Future-communicator 1 XV v F &L & &3¢
mth DFEDHIIHL TR BT Th b, LdtoT,
OXYy FELs s (L2, mth!) ¥For-2xy
T DI L TOAREEE 21TV WA, %ME
HDI-FIZH 572 mth 12343 Convert-outgoing
HEE %A Future-communicator 2 [mth’] DREL% I
RBLEFESH Y, FEITHD L,



Fl AvE—VEXVy FoOXIE

AV FXVLsy | AuvF
mth mth
[mth] [mth], [ ]
[(mth]] [mth]], [[], []

ZITROONEDEAVyF L5 L LT, [mth]
& [mth!] DT RE R oAy b~V THUBETEL &
D %L L AV v F OEBTH B, Harmony/2 Tik,
[JEVIBHOEHEAV Yy FEERHLTVE, TN A
Vo Fid [mth) EFEE 51 LT—RBAYE-U% T
FBAVYF THo [mth) AV v F A5, [mth] % XYy
Flelbs &b LTHRo Ay =V MBETEDIIH L,
[1 AV FRAYE—VBBIC L o THERE N Ay £ —
VE—RHCMETE B,

Ay =T LAYy F LOMIED T, BMLEFTD
—HTRECKRICRENI NS — otk b, X
VyFelbs &L Tmth]] 2722y =i, 3
DDAV F [[mth]], [ 1], [] PvFhdic & o> THLE
&N 5%, Harmony/2 Tid. DI HEkbEMAMR AV Y
F. $2bbEDOPTLRINBETLD2BEELTAY Y
FEERFELEDHT 2, RREBEEOFITRUTOL S 12
[mth] DACH DI [] EVHILFDO AV Y FEEHTR
B, SELELBD Ay £— VI L THRKELEE Y 12
BT BTEPHEL L IR B,

[class Future-Communicator ()
[method ([ 1 p) ;55 [1 XAV Y FOEH
(let* ((p/ [p <== (copy)])
(¢ [Create Future p'l))
[p <== (reply ¢)1)1]
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A7V VRASET NS IV EEIBVT,
Ay b=V —BA T V2 b ELTHRIBMASEER
L7ze AT/ DHETEIZ BT, BRIEI BV T—#
BRI L D ERL & S k3s . TTaEI B
TE—EA Yy -~V R T, BLU—REkEEY H
WTEESE R BEEHRERRR T2 ENTELI LI
DWCHRRz, Bk Tr0rSIvr7ofle LT, —
EOIWATZEEICEL D AN S LT B RRELEBLE % —Iik
HEAVTERRL 2o BB, —B Ay - Vx0T

BAVYFILEBHLLOFEATEILIZLD, vwo
£ I RBRHORHRMIFONDL T EER LT,
ARRCHIIL oMt d LA 7 Y = 7 b IBIAEST
S8 Harmony/2 BREET &N, YOy 4 FH5ERL €
Wh, SBIZELREEIR TV RVERB AV v F 2 flA
Ad, L NS OEEHEOBICHAL TV E 21,

HE CoONMEOEOBBTEL DI AL ETES
72 Twente K& M. Aksit ZIZDZ NV — T DE X AT
BMLET. Av e~ VEROTAFTTILOVWTHERZLT
(28 o /=, KINFELIZ 200 & L THITASEEHR
FROBIAE Ay =V ERSWTERL T awn
3 L 7oo R TEREEHRAER 0% & Aix Harmony/2
DFEFTE—EA Y E—TVDTAFTIZonTHERL L
ZE3VE L7z, BiC. HREMA L A Harmony/2 7
DR AT EFEELTINT Lz,

SE R

[1] Mehmet Aksit, Lodewijk Bergmans, and Sinan Vu-
ral. An object-oriented langauge-database integration
model: the composition-filters approach. Technical re-
port, The university of Twente, 1992.

[2] P. America. POOL-T: A parallel object-oriented lan-
guage. In A. Yonezawa and M. Tokoro, editors, Object-
Oriented Concurrent Programming, pages 199 — 220.
MIT Press, Cambridge, Mass., 1987.

H. E. Bal, J. G. Steiner, and A. S. Tanenbaum.
Programming languages for distributed computing
systems. ACM Computing Surveys, 21(3):261-322,
September 1989.

[4] C. T. Haynes and D. P. Friedman. Embedding con-
tinuations in procedural objects. ACM Transactions
on Programming Languages and Systems, 9(4):582-598,
April 1987.

[5] O. M. Nierstrasz. Active objects in Hybrid. In Object-
Oriented Programming Systems, Languages and Appli-
cations, volume 22(12), pages 243 — 253. SIGPLAN No-
tices (ACM), December 1987.

[6] J. Rees and W. Clinger. Revised® report on the al-
gorithmic language Scheme. ACM SIGPLAN Not.,
21(12):37-79, December 1986.

[7] K. Wakita. First class messages as first class continua-
tions. In proceedings of ISOTAS 93 (LNCS 742), pages
442-459, Kanazawa, November 1993.

[8] M. Wand. Continuation-based multiprocessing. In Con-
ference Record of the 1980 Lisp Conference, pages 19—
28, 1980.

[9] Y. Yokote and M. Tokoro. The design and imple-
mentation of ConcurrentSmalltalk. In Object-Oriented
Programming Systems, Languages and Applications,
volume 21(11), pages 331 — 340. SIGPLAN Notices
(ACM), November 1986.

[10] A. Yonezawa. ABCL: An Object-Oriented Concurrent
System. MIT Press, Cambridge, Mass., 1990.

3



