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Abstract Ve firstly present parallel-coordinated problem solving model based on dynamic manager-

solver hierarchy which allovs communications among solvers, then describe mechanisms of

communication among parallel-distributed processes by a multiple paradigm language TAO. Then,

ve implement some existing communication methods, such as broadcast and synchronized communi-

cation etc., and multi-level communication using TAO mechanisms. This implementation shows

not only power of the TAO communication mechanisms but also such usefulness of multiple .

paradigm language that programmers can select their favorite paradigms on programming.

Ve

also try parallel-coordinated problem solving for moving blocks in TAO on AI workstation

ELIS.

1. Bk
TEOETFENORBII I RO TRRBEFTH AL
BHTCRETH B, COBR. 94202V ¥a—23 %
IR, ABYRIVAELSEBEICRoTER
U, Shh 55 Z0OMIREL, 31, Fo b 7—2 8%
B2BITn3, 2otd, ZooB{ obols, Hil
R navla—2L»3BEOREOXBY L XY
P72 AV R -7 2~ AR RABEE 3 Yk
BT &L, BIs, RITWMOHIZT e, BHHEICS
TU—R—&itd, ZLTOEY MCHBEMEBN O
A2DaAVEL—aBBBEINB Z LBV FOREH
{BEB5, WP, 20L5BHR2AX S LD, &
AV Ea—aBPHEIMCEBETV.. v oMuiEe skl |
BhALEDS, 2L LCHELRRT3EN2EILE
FhiEz s,

Z OEHTE. EAFICEELTW3, 3H0aYa—
2P FERCRBBRIARIE, Fy Py BBEAFICE -
TUES, 7T, Bav¥a—2kk, B3RL{a—HhN
DHEZACCEHOEECH3MEEREL T NER
SRV, Tk, Blo—mka#os cliEsHRes
ZRCUBV, 23X TB3RLHE, Yu—NNsaEe
IilE, YOX3EPrERTEhEVSRELRR
URBTREB SRV, £, BaYBa—23M#s 2k
TEH, ChIORFETAE, avEa—&pflioa
YEa—abouEe ST, HS, ¥EI3 L0
ZeThy, ThElh, GBOEES D WM O RN
Wine Y SNMETE NS BErORBGLHRETH 3,

iz, EH O YKo —aB—20OK = IE 2 Bk
THRIC, £k LT, BEMDIES > T 2 & OFEE
2ESIELZPLLIBELHB,



AERRE 2 0 > 2EEE S LAT BRI RN X
FLRBOROE—FTHE, HBETR, LIGHEE
faEsRE T U e, B HAMEMERRCLDELHENT
&4 LEETAO(FT T 2 7 B+ D Ve +RER
+ HE ) [Take 83] [Suzu 85] OEMBBALTMAE 212
RT3, 2L T, 20OEBREERAPRECL 30 2»D
BEEEFE (ex. 13 1 RIE, L NSEE ERR/ARR
R 77 BB, Nowkl/Past®/FutureXIiB{E. [@HE/FEMmIH
BiBetc ) LZBUANVBEOKRETR T, k., 70v
L BHEE M v, TAOK & 3 EFRRHEERR Y
BYSIVFEDNTHRRS,

2. % £+ ] EFN

IhETIH W L 2 » ORFIRHEINERR T T U SR
Rynv¥t [Filn 8], UhL., BieFHEVDRSB,
HEAEBY 2HEL T3HRBMCRNA-F 2 P2 BH
LY RF LDV,

BHEEF VI, BRAO#BEAL, HRAHMLERITTS
HEN, BlE» s HEEOSFCE#EL a3 b LR
s, 2hil EoEROSTFE., BRAOT Y £ AHH
BEERDAAELBEH>TLES,

AMRAOHX T L 231, B TIHOFELSHHMIIC
HoXh, BALEV., L TAESEERCEATY
RYAFLEMBTI L CeHBh S, BR—HEVWIK
LRODEN, 2hTR, BR2EHCcE3IrE0I L,
BEeF VoRBRIZIBNRTETCSHY., ASHEMNC
eEgEhIsrRTER . 20k, BRiKE2/—F
UHEmE 2 RT3 s i oL,

FEF N CRTRTOFEIEYN TS v CPUMIEEE
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M1 wanager-solversi§iE

BRERVEROBHEEELFIHEETV2ERB, &
NnEE1LICRET, HREUHELIIBE » 3 B T Onanager
tsolverOBIRZRTEITHY | solverllORELTIHE
T # % U .manager-solver BROBIINIELHFRE T H 3,
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sLogic in Lisp#
(defun logic-in-lisp

(&aux _x _y %) s _BAHNT 5 L ERTEER
== _x _y) ;3 ==iZunification

(Ix 1) 3 IRRA

= X ,X) 3L TH 2 A

(write _y)) I AYNS

Lisp in Logic®
(assert (lisp-in-logic)
(== _x1)
(let )
(!x _x)
(write x)))

sLogic, head predicate
;first body predicate
;Lisp,second body predicate

ivlhEhs
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%, mailboxic k3 BELR T A, YBOKE
CHIHERCLBBELALTH S,
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FoT13 A)E, I Dsys:mailbox-process-queue 15
/BT H> BB,
+ sys:mail-queue
TOERC LI BEINZO2E>THB AN (2

ATBRAEBFER ORI AN SNIFH)E, Z Dsystmil-"

queue & WO FEBTAc>B N B,
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+ (receive-mail-with-timeout n X JLH v > )
receive-mail-with-timeoutiI XA VH w2 XXy XA
WREY HTBIC nx(1/60) B (Th2timeout&tr>)
Ubriv, ZUTCT.ZOMICAMUDBELNTIRYG
hidnilz&T,

¢ (send-meil XA NWEY IR XAN)

AANEY 2 KU AL NV 2KEB,

mailboxA 7Tz bR, WHIE EEZETOE X L HEHE
E7DEXOBOEBERAY 7 rChH3, EEHETOER
X, send-mailic &Y sys:mail-queuelc XA 2% V5AH,
HEE 7D XX, Blreceive-mailick V2 Ih 6 AA
VRO HT, BRAAEROHLREMETH Y, £E
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ZHTAOCIE, cpuFY BTHATHWRETOERNZD
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allow-schedule® %,
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U T receivermail 2 RiTU AT I 7 MCEE N3 H,

send-personal-maillc X - TREFF AN, BES

nicA7IY 22 b breceive-mail 2 EITFU LI L H T

Exhs,

+ (receive-personal-mail EEIFIF XA NEY 2 R)

XANOREBEAT T b 2EWET S, receive-mil
DFEE, R UHy 2 AR AN BHNERNEZERY
HUTUE 54, receive-personal-mailid, fEE UL feik
BATY 22 MDA NERY T,

+ (get-back-mail XA WKwZ R XA )
ZHELORAHUEAANERDETOOLDOTH
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+ (send-mail-with-timeout n JAkysz XA )

Zhik, A4 NVEHTH, nx(Q/60)BLRIC XA MRy
DALV HINTTNEZORXANEREEBAI TSI
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X TREINR)THS,

+ (send-round-mail HHEDRX A NAH v 2 R Mhid XA )
(receive-round-mail *Nid HA DO XA v » X)
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BalERT 3,
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QAN 7a2—2 33 L Filinitial-function initial-
argumentsiZapply¥h3,

e R, DHE0DERs-flag® 2207 0+ Atest-
processl & test-process2THHF L - hld

(defun make-common-closure ()
(let ((s~flag 0))
(declare (special s-flag))
(closure '(s~flag)
#'(lanbda (fn args) {apply fn args)))))

(lenv (make-common-closure))

(!test-processl (make-process 'test-processl
tinterprocess-closure env))

(Itest-process2 (make-process 'test-process?
tinterprocess-closure env))
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70+ AWAH process-interrupt® > ¥ & 7 AR,

(process-interrupt 7otz fn args flag)

TH3, MARFYRALWEFENRTH S, flagh t
25, HERUHESREBOBCHIEASA, argsic fn
% apply T3, flagd® nilis 57 0 AWETHIC fn
BRFXN, fn B7RERORITRBEHREL 20D E
y, MOKTRT . CORBICR > CHELHET 3,

process-interrupt BRIT ¥ N3 L HFOMBET it
tixhs, XoT.arssPiZcatch tagkfEET S &
kot 7neAWMThrowa2RRTCES,

3. TAOKFH DML L L CTcatcher—case X throwablep
BHdo

catcher-case® Y v & 2 Ak
(catcher-case form (tagl receiverll receiverl2 «++)

(tagi receiveril receiveri2 +++)
(tagN receiverNl receiverN2 +++))

THB, foraFT. A (list tegi vari) Mthrowd
i, receiveril ARBI-MIBIAH 3, receiveril I TIX
tag iEBHL LTHM Y NS, tagi DPHIERvariTH 3,
tag2tic U THIT I, throwdDceatch tagHStagl ~ tagh-1
—H U 2B Wi receiverN1BIRBIC 3,

throvablep® > % 2 R, (throvablep tag) TH 3,
—F T BtaghdniE t. BN nil 2ET,

3.3 &27a
25 ZsemaphoreSH 35, LI 7N TIEE (Fi
BAYYF) Ep-semkv-semTH3, EIT7 A test-sem
BERL LIIE
(ltest-sem (make-instace 'semaphore))
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4. TAOK X 3818 - MEEORSE

A FIRCRRTAOORS FINTMEE . X 3 . 5EF
DBIE - APERUFSEL X VBEORR->VWTENS,
245, send-mail, receive-milS2FERHITB ZLIC LY,
13138, EENY 77 BB, ¥EHE KRBTV
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4.1 mMMEAE (1M BA)

FHEEE BO XA VA v P Xroot-box® A ¥ A% Y
2FH L LTHobroadeast A7V 2y PICRICTRT AV v
FIEO i Ustart2EITFTB3 2 LIC kW RETE 3,

RET 3R
[[broadeast /#%4 root-box] (list i BAZxMYIAAH) ]
rThiEkn,

(defmethod (broadcast start)
(loop
(&aux x message mailboxes)
(1x (receive-mail root-box))
(!message (car x))
(:until (equal message 'stop-broadcast))
(Imailboxes (cadr x))
(loop (tuntil (null mailboxes))
(send-mail (pop mailboxes) nmessage)))})

(mailboxesidBBEA T Iz Z bOALNEY I ZADY R
b)

4.2 HRENAY 7 7 RIB
ToneRMro—-Jrev a2 EATS,

AL NHEY Y Rboxk . X7 2 buffer-sem® NV T ¥ H

£ Xmax-size2 BHL . ZONv 7y 2 EHT3EH 0

e2O7OERErR—YrLLTHEL, 2L ETD

b 6 LT ORISR EA, {(sys:semaphore-process~

queeRPEIEES D7 D X2 T3 A Y X8 Y RAEH)

(defun send-buffer (message)
(sys:without~interrupts
(cond ({= max-size (length [box sys:mail-queue]))
(p-sem buffer-sem))))
(send-mail box message))

{(defun receive-buffer (Raux x)
(sys:without-interrupts
(1x (receive-mail box))
(cond ([buffer-sem sys:semaphore-process-queue]
(v-sem buffer-sem))))

x)

4.3 Cccanf@itizBE

C.A.R.Hoarelz X v 2R ¥ f: CSP (Communicating
Sequential Processes) [Hoar 851 %X — iz ke¥fT 7 0
& AR B EEH0ccan [Onai 861 TCH B, T DOccanf iz
BEHTAODRai lbox A 7T 2 ¥ MIC XY RRTEBIL 2
HeACTRT,

29070 ANH 3. EEZE7DERE #inid bk
FeBYBR2ICTF v X VEATHAL., HRE D ER
BRFv 2N 2BLTRIR- BB HARECHITS
bOLTB, PR S, EEETOEIBF v X VE
HT1>BEHE%y, BRETDAVBZNE2RIN-T
P HEBES I ARROBEZERT S, mailboxd7
V2 Mo F e NERELE TOFOZ I L%RIZ
i

(defun generate (ini out ack-channel)

(loop (8aux n)
(:init (In ini)) PAEREHnCPRI-Ini 2 HE
(:until [n = 101] ©) B0 B - R 6KRT
[out send-mail n] s AR out~nZ A
[ack-channel receive-saill

s 34Mfwz ack-channel X b WS 2 28



(In (+n D)) inO{E 2 EH

(defun receive (in ack-channel)
(loop (&aux i) (:until [i = 100] t)
(i [in receive-maill)
sMMEYR inh SE 2B
[ack-channel send-mail 'ack]
;MM ack-channe INFEERE Back 2 A
(write 1))) st hEEAN S

(ichannel (make-instance 'mailbox))
1752nai 1box D3Izt channel % £
(1ack-channel (make-instance 'mailbox))

(!generate-process (make-process 'generate-process)
(receive-process (make-process 'receive-process)
(defun synchro-para-start ()
(process-fork-go generate-process
' (generate 1 channel ack-channel))
;generate/nta% 7a-rineak U CHERL ETE R 3,
;1,channel ,ack-channelld 2 nEn 35| #¥
(process-fork-go receive-process
'(receive channel ack-channel)
:standard-output *standard-output#))

A7 105 M (synchro-para-start) o X hiE#xh 3,

4.4 ABCLAE

ABCL (An Object-Based Concurrent Language) [Yone 85]
[Suzu 851, EH-FHBE2 L OHH SFM AN A
TV MEARBETH Y ActorEF N EZONR-ZEL
T3, R ABCLOE(E - MO KR S RiFH<c
H33WB DXy —Ii5ET — F(PastBE . NowE Future
%) Zuai lboxic 33 3 FEEAM 2 v cigk ¥ 3,

Past®l
22o0F 7V 2y bl Tsend-nail Zreceive-nail2®
¥z eickvERHCES,

+NowH!
(send-mail HEDORANE YD X XA W)
(receive-personal-mail EfFF 7V x P b

HBODOXANWE Y2 X)
BBV,
(send-personal-mail {47 Jz o b
HFEOXANEY Y R
XA W)
(receive-personal-mail #E{EAT7Ix o b
BHODRAA VA Y 2 R)
HB X,

(send-round-mail HFEORA ALKy 2 X
AANid A4 N)
(receive-round-mail XA Jid HHD XA WK 2 R)
enE kv,

* Future®!

Future®I A A N 2#E- 13TV b, HELFT Iz
b onNEREE ELTICHYOLER2RT. BFHr60
EEBE-CE-BMTEOBRE2 »3BHMIKATS,
HUBEHSEHBET U, COXREBBT 3 LESE
Crib, A4 VEEoAFT7Vn s P2 ITEERFS
3%, 2Dk >LFuturei

(send-mail HFEDX ARV 2 X AAN)

(receive-mail HH DA A VH YD )
HB i,
(send-round-mail HFEO XA NK v P X A1 )id
A W)

(receive-round-mail X~ JLid
BHDORXANHY )
BECLORRTES,
Ft, 2 OFutureBBEILTO X 3o, TAODREE
NOHALZHNTHLRECE S,

(assert (processl (_chl . _ch2))
== _chl , (message-making))
(do-something-A) )
(loop i_ch2ic @Bk s e
i_ch2d7-3347hundef T2 L 723 £ /D,

(:vwhile (undefp _ch2) t)
(process-al low-schedule))

(write (do-something-B _ch2)))

(assert (process2 (_chl . _ch2))
(loop (:while (undefp _chl) t)
(process-al low-schedule))
== ch2 , (do-something-C _ch1)))

(defun start ()
(let (_ch)
(process-fork-go ABCL-processl '(processl _ch)
:common-variables '{_ch))
(process-fork-go ABCL-process2 '(process2 _ch)
:common-variables '{_ch))))

AT L (start) o LW EBX NS, % FOccanld
HXBIELREBENSH A DLV EBETES,

ZOE3ic, TOCR. 2 nso0t3lc, 7
O75DFEMLVBENIH A LR BIRTBZEMT
¥, AL=ZABTOISLERERETB LB TCES,
ZhiE, TMODEANSH A LBEL O TROBFRAN TS
%o



4.5 RaEE

b, BE»3 L ERECBTZRIETH 3,

BEBEL, BoHEA Y22 bORA WKy 2 R
XL NEEBIOTREL, HEFTI 2 bcHAAE D
T RAANVDBEI-Z L2583,

TAOT . process-interrupt & catch&throvi fT&
DE3CKBETE S,

vork-process0

(process-interrupt vork-processl
#'throv (list 'telegram X JV) nil)

vork-processl
(1telegram-message
(catch 'telegram

)

—~H REBBIHFA7 V22 ViR 2> T RE
BhhboTElcRA6E3 L LLICREHEREZNY
3, MEH:BB L @ process-interrupt & catch&throw
2HV 3B, REEROW Y KT 2HH 3 5 telephone-

‘manager 37T x 2 b 2 REE TS,

RiEBEBEOZEM
(!line
(catch 'telephone

(
D)

REBBOZIEN
(1line (vill-call-up HIFRIEET))

(defun will-call-up (vour-phone-number)
(send-mail box-of-telephone-manager
(list my-box my-phone-number
your~phone-number))
(receive-mail my-box))

%% Z telephone-manager D E K

(!message (receive-mail box-of-telephone-manager))
(1line (get-line (cdr message)))
(process-interrupt
(pick-up-process-name (caddr message))
#'telephone~calling (list line) nil)
(send-mail (car message) line)

;get-1ineld E# OWLR
;pick-up-process-naned REHESH 571 X2 FT

;telephone-cal ling 2 %
(defun telephone-calling (line)
(throw 'telephone line))

4.6 FEUAVEBRE
RERESEREABE-DVINATEENSY . ;ti
B8 5T hET RERI DT RL znAEELH»3 (A
2. BBIA-TW3 L ERBECIHILLBW .
CTRRZBEREERABE L YBRIERCZ ORI
2H—MCHB S LW BBETHS,
E2UT.70ERMThr owkcatcher—case2{# 5,

HEMLE

(declare
(special
note-behind irhibited-message allovable-message))
(catcher-case " iallovable-message & inhibited-
( ;message CIiXR O 2 BEJESRTS
;18 % A3, note-behindicid i) -
(bath-roou) iFenho BBCIsRERED
(dining-room) iABo
(study)

)

(telephone
(

))

(telegran
( :

)

(defun bath-room (Raux allowable-message)
(declare (special allowable-message))
(lallovable-message nil) ;¥ ARLBEHIER

)
(defun study (baux inhibited-message)

(declare (special inhibited-message))
(Yinhibited ' (telephone))

IMEQHES

REFEOEEOXBEL U T . SE AVl {Bnanager
2R B, B7 0 R RABIZHRIC = Oranager 2 FIFT
+3, BEUALBEnansgerI 70 AWM Throw?
FIu 3 A8 process-interrupt D58 2 51 #IC R OMER & fHE
L7 0 AMARRITT 3.

REBiErREREOR

(cond ((or (member 'telephone inhibited-message)
(null allowable-message))
(!note~behind
(cons (list 'telephone my-tele-number)
note-behind))))
((and (or (equal 'allowable-message 'all)
(member 'telephone
allowable-message))
(throwablep 'telephone))
(throw "telephone line)))



telephone 2 telegramiZ, 1ine % nessagelcZE X 1138
BoRTHs,

RD X 35732 check-note-behind% WHREITT2 (Hr W
bath-roomd> 5 HifchH ) Z LIk Y RABEOCHF 2V |
ZRCHGTZNRETE LN TCES, £, ¥BAE
DEE2 3 12D WE receive-mail-with-timeout%
FFTrhid kv,

(defun check-note-behind (note-behind)
(cond ((null note-behind))
((member 'telephone
(mapcar #'car note-behind))

: )
((member 'telegram

(mapcar #'car note-behind)

M)

5. ¥AMERR IO ISIVY

AR TR, solverll] S % &F T manager-solverfE & -

Fic k3 EFIERRE LR T, flelci oy o8
W[k [Sace 75] [Take 851 %HL Y LiF, TAO® B sendk
receive-mailic L2 W B HEBL 70t XM Throwlc &
ZREABEZAVEIOYSIVSACIVERETS,
ToyoBHEEEZ CcRROL S ERLKT 3,
BT E I B Dblockh H B,
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