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Communication Mechanism for Hierarchical Concurrent Systems
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Since the behavior of concurrent systems is very complicated, it is important to describe them hierarchically by
dividing them into simple and small sub-systems. Parent components in hierarchical systems take charge of the

following jobs.
1. Division of tasks
2. Management of sub-task execution order
3. Collection of sub-task results

The message passing mechanism proposed until now can not give a well separated description of these jobs. We
propose new message passing mechanism which allows us to describe information exchanges and execution order

separately. Program examples of the robot arm control with this mechanism are presented.
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Ay— VB (send X) BIKD X 5 RIBEE LT3,
[send target message]

target ¥FHE LT bhAA 7 ¥ =7 FEHf LTy mes-
sage HAMI L ZcKiR %2 T 59 %, Rt 2iE.

[send stack (list :put 3)]

s stack &\ 5 (T A ¥ 2 & v REH) S
TNTVEFT V=7 FICH LT (sput 3) End Ay t—
VERDICLREFH LTS,
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(class 79X (A vREVREH ...)
AV v ¥REHE ...)

AV v VEHEZ

(RE—v X..)

LS BTitRT 3, BIA W 2 RTHEEYEBIT 5275 %
Point DEFRKD L 5Ch 5,

(class Point (x y)
((:set xx yy)
(assign x xx)
(assign y yy))
((:add dx dy)
(assign x (+ x dx))
(assign y (+ y dy))))
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assign 3 (assign Z# X)

if 3¢ (if 444X then 3C... else 3L...)
let 3C (let (ERES) X..)

case 3 (case &K (is »* & —¥ 3L..)...)
parallel 3C (parallel 3Z...)

sequential 3  (sequential 3...)

send 3L [send EfEE A v & — V]

(send 3£EE £ v ¥—¥)
<send KfE% A v &—V >
parallel X £ OHICHER bR A& EFFICETL,
LT OXDMEPHET Uic & ¥ iC parallel LOEFTHET
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(:get BET)

tndh Ay —CURED, BEAVRE v AER x ICHS
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object a object b
(class A (x y) (class B 0
(:run L (Gget reply-to)

[send b (list :get &x)}//‘/ [send reply-to 10}

(;ssign y (+x3)) )
)

)

)
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ture (—FED AL A Fy 7 X)HEREH, ThoFEA
BT FURMNFHMH & LT 4 %, Eh EFERFICA v
AR v AER x CEERL & future (AAf Ky 7 X)
OHIMLT VU AR Eh 5, future DB ERALT
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WABBLES 252 & (W4T (assign y (+ x 3)) o
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send 3IC ik

<send KEHL AvE—>
[send XEEELE Ayt—¥]
(send XEHL Avt—3)

DO IMWMBIHB D2, T, send LHEKT LA LHNT D
RADBNWERL TS,

<send BB Avt—Y >

[send #%fEE A v t—¥]
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(send KB Avx—7)

[ [send target message] J
4

< send target (cons message (list &arrive nil)) >

arrive

l (send target message) ]

4
< send target (cons message (list nil &finish)) >

finish
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4.3 Hand & Arm

Hand A7 Y= 7 + & Arm* 7 V= 7 F HBERIER
Kb TH b, EF T V=27 P HBRETER A v £— 21X
KROBYTH B,

Hand

:open FEBAL
:close FEHACS
Arm

(:positioning x y) BiA%® (x,y) BRI 3

Hand & Arm . EBRCEEELE- 22 L0L DT
HOERN MR ENTWE EL bR D, KR TR
ThoOBERHOLLHEL LR TWE EELTTREL
LOBEDN BB hbR Ve, ATV =7 FOSEL v
27 2—ADHEHBTIC L LT 5,
Hand A7 Y= 7 Y DRBERIKRD XL S 5,
(class Hand (status)
(:init
#+*initialize primitives**
(assing status ’closed))
(:open
(if (eq status ’closed) then
(parallel
** call the primitive :open *x*
(assign status ’open))))
(:close
(if (eq status ’open) then
. (parallel
** call primitive :close *x*
(assign status ’closed)))))

Hand A7 =2 t DAYV v ¥ open CERFEXFELT
VEE, 4 v X2 v AP Tstatus | 2 EH T SVER L AT
IKf7 50 VERBHAT LARBRTLDAY v FRKTT
%0 AV v ¥ :close d REFCEWERT 30

ArmFA 7Y =27 F ORERKDOX 51K 3,
(class Arm ()
(:init
** initialize primitives *%)
((:positioning x y)
** call primitive (:positioning x y) **))

A7y ¥ (:positioning x y) ACBERDOBEIT L
LECKTT %0
4.4 Hand-and-arm

Hand-and-arm (¥, FeBA» LR X N slieikdE
FTHT 27 v TH B, COFT V= P BREAfER

Ao e—VHROEYTH 2.
Hand-and-arm
(:take-from x y :to xx yy) ML (x,y) KB DHk%
s (ocyy) KBET 2
Hand-and-arm # 7 ¥ =27 bd, TOA vy t— V% %E
33 LHRERTH 3 Hand & Arm ZEDH L CHELE
¥+ %, Hand-and-arm#* 7 ¥ = 7 P DEFERKRD LS
i bo

(class Hand-and-arm (hand arm)
(:init
(assing hand (new Hand))
(assign arm (new Arm)))
((:take-from x y :to xx yy)
(parallel
(send hand :open)
(send arm (list :positioning x y)))
(send hand :close)
(send arm (list :positioning xx yy))
(send hand :open)))

AV w F dinit T, 4 v 2 & v 2% hand, arm K%
¥ Hand, Arm O ¥y X Z v ZAE{RAL T3,

A Y v F (:take-from x y :to xx yy) Tk, ¥FF%H
CEVE & BIARDMRID 2 WFICHKFTT 5. A v - TK
EABWHH L () THEhTWwIOT, ThlAY v ¥
ORTHIFLEDEDIC LEEKRL TS, 2 00H)EH
T3 3 & parallel BT T 5. RICFEHIL, Bik%
B A (xx,yy) IArBERH L, 2B, chbo Ay
- PRELTRT( ) CHER T30 TERT RO
THbo fo TRTOIMEPMT LA TLDOAY v ¥
BT T 5. BWroRFIUF 2K 8ICRT,
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4.5 Robot

Robot ¥ 7 ¥ = 7 + ik 2A&®B (Hand-and-arm) %
LT3, NG b BEHIGS > <L T
3o $-T Robot 2MLET 5 A v t— VRO EBY
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Robot

(:move-from x y :to xx yy)

3 BUGHSRF OB O Cikc & 3 5a v
L T Robot DE#HE®E % 3,

(class Robot (left-arm right-arm)
(C:init
(assign left-arm (new Hand-and-arm))
(assign right~arm (new Hand-and-arm)))
((:move-from x y :to xx yy)
(case (which-arm x y xx yy)
(is left-arm-only
[send left-arm
(list :take-from x y :to xx yy)])
(is right-arm-only
[send right-arm
(list :take-from x y :to xx yy)1)
(is from-left-arm-to-right-arm
;3 to be filled later ;;)
(is from-right-arm-to-left-arm
;3 to be filled later ;;))))

A2y ¥ (move-from x y :to xx yy) T T3,
2HAOBECHE > THEAITEFC AT B
(land-and-arm) #RAET 3. Bk LT (stake-fromx y
o xx yy) EWnS Ay v —IPEEET B, TDsend i
[ THHENRTVEDTHAE DA v v — P h ST B
FACsend XT3 %, 95 &, (:move-fromx y :to xx
yy) &S AV y VHE T T 5. fEoT Biks
AT BAIC, Robot BKOBBKEA » +— L%
WIF B B TED, BL 2N 5 —HobiCuLm
TEDLINAL LI, WHlcETEh D,

UEo7 w7t REACGHERAT 28RS £ <8
RTE D XS ko ko WICTBIO WIBWED AT 2 558
DTaTFhEkELD, MMIIKEL S & 2 00BHTIEL
BRMCFTSRDE S5 BT 0y 50k 5L 5 KA
%o

(is from-left-arm-to-right-arm
(send left-arm
(list :take-from x y
:to ’center-x ’center-y))
(send right-arm

(list :take-from ’center-x ’center-y
tto xx yy)))

Ll o7 e ”Jaic EMBAR kL > hts
ACFEBIWT LY S 0Tk L LTLE 5. ¥ 2.
AR AP E PRI > TS FClARD Liwn
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i (xy) B 34pbk e RBIOREN & WFISET2 IR T 2 2 H s H 5,
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MR FERICBVER BIRG T 2 ¢ L33 T & 5, sk
THRCR - TE T, 20, AHAPRCEN TR, A
RRFEHC e B8 TE D, | 1RcoRMEXRHLT
i, FLKDL D LEBMBT R Cc L XTE S, Th
T 20EMICH D, | 3 B0 EHERL TH oAb
B BGT 2 cH0RITH 5,

TDXS5 R v + &Ko A v F% Hand-and-
arm ICEET 2. THRFAPDOEVAY v FICEWOZ2»
DFBE Ay - UREE ML LB CE D, EIRAL
DET L HARREEOT, BRYICBHT5HDAY
FERCBET 270D XY v VEBAEHAET 5. Hand-
and-arm OEHFIKOWY TH %,

(class Hand-and-arm (hand arm)
(:init
RIEEIL)
((:take-from x y :to xx yy)
R4 1))
((:take-firstly-from x y :to xx yy
:sync-points a d e)
(let (vait_d)
[send d &waid_d]
(parallel
(send hand :open)
(send arm (list :positioning x y)))
(send hand :close)
(send arm (list :positioning xx yy))
[send a :0k] ---(2)
wait_d -==(3)
(send hand :open)
[send e :0k]))---(4)
((:take-secondly-from x y :to xx yy
:sync-points b c f)

-—-(1)



(let (wait_b wait_f)

[send b &wait_b]

[send £ &wait_f]

(parallel
(send hand :open)
(send arm (list :positioning x y))
vait_b)

(send hand :close)

[send ¢ :0k]

wait_f

(send arm (list :positioning xx yy))

(send hand :open)))

BIEAL ~ b ik future ZFWCEBIhEZDT, Ay
- VOBRELAT V=7 VIR D, P
DAV v Ficlkade &5 300585512 bh 5,

(:take-firstly-from x y :to xx yy :sync-points a d e)

CoOHTae RRPHBB 2K HDT FLATH 5, d
BENES TR D05 THY. COFRHBR
T7 Fr R future # T 252D 5, (1) TELET-
Twd, FIPHEE X waitd & w5 [ v R X v AERICR
SR o ks, (2) DAy v—U%ER 1
DEWPEAYTY A FLTWDS, FRCB) kT 20
W 4) k]l 3DOFEWEA T A LTS,
2EB ke BEIT 2 HEaDAY v F

(:take-secongly-from x y :to xx yy :sync-points b ¢ f)

HERTH B, K L. COBEERNIFFS 28 (b,f)
<. FENEBEE%S 0 1/E (c) TH 5o

DX 5 ICEEX 1z Hand-and-arm 2 FIf - 5 Ic ik
RKOXSh7wrs s ETThE L v X7, Robot
AT V27 bV EFOREEKD Ay - VOFRER 10iC
RLEXS5KiRs,
(class Cooperator (ab c d e £f)

((:cooperate hal ha2 x y xx yy)
(let ((aa &a)(bb &b){(cc &c)

(dd &d) (ee &e)(£f &f)) ---(1)
(parallel
(send hal
(list :take-firstly-from x y
:to ’center-x ’centery
:sync-points aa dd ee))
[send ha2
(1list :take-secondly-from
’center-x ’center-y
:sync-points bb cc ff)]
[send b a] ---(2)
[send d ¢] =---(3)
[send £ e] ---(4)
NN

> Q>

o

B4 10: A v-e—Yoph

FWIHRA v F #EBT 2004 v 22V RER% (1)
THEL. 2D future % Hand-and-arm Ki£%, A v &—
TREEN(2)(3)(4) T2 DDEWIKEA ¥ FEMEUFOT T
o hal ~OEECH () THERLTH D, ha2 ~O%R
X []CHERTWE DT, T D cooperator DAY v ¥
H BICH > TR B OB OTVERHET L R e T
T2, coHMURETR, 200kABHAE bhEEIND
TeBHELBEBZOTT y Fuy 7 OufEdksE {, fLOB
BELRE RGO 5 C L HNTHETH B0

T @ Cooperator % fll\»T Robot 7 Y= 7 + ALk
THELRDES5ICHD,

(class Robot (left-arm right-arm)

(:init

AMEEL)
((:move-from x y :to xx yy)
(case (which-arm x y xx yy)
(is left-arm-only
AIEFIL)
(is right-arm-only
AIERL)
(is from-left-arm-to-right-arm
(send (new Cooperator)
(list :cooperate left-arm right-arm
x y xx yy))) --(1)
(is from-right-arm-to-left-arm
(send (new Cooperator)

(list :cooperate right-arm left-arm
x y xx yy)))))) --(2)

HAELE S LEEFBKEALASETy Fry 7337
EHED D 2 DT, A v — IEIE (1)(2) RETHREBIBIC
oTwnd,

5 fIEIO5 S A0k

uRy MieAfEE M (LIREERE LFP8) oFitfE
EXTHE S, BoRER
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(:move-from x y :to xx yy)

kS ty -k wRy FCED T LCEERKETE
5o Tc & 2,

(send robot (list :move-from 1 2 :to 15 7))

) Ry - VEENEETTIE X . COXR()
THENTWIDTAY vy FORTRHOC LEEKLT
5o BRERBB L WSIEOETEMD e ELDL
%, L»L. Robot tx Hand-and-arm iCBH) A » & —
VEEDEXORTERASTCAYy FERTLTLE
S50 Lo Ty BRHE Robot VA TOVEZEKRT %
BT LR TE DR, REOBIWEROKT 2B &1
T&%\Vv, Robot DAYy FRD A v & — U%EX

[send left-arm (list :take-from x y :to xx yy)]

D[] % () cBdhi, BIWEEOKT2IEL KB L
HKTE B, TDOEE Robot HEBERMICLIBHGS %
MACcERLATLE S,

Robot ¢ Hand-and-arm 23 O fH D 2 vwiisro 4+ 7
Vx 2 PR EELDZEEICE, Robot TOMAGET HE
KEPODMIMOKT LEL BT L ERYE2, Hand-
and-arm 2% Robot O IBETH b AiEa o Rk
SPBVENRAWE T V27 VELELBECRTER
T%H %, Hand-and-arm & 5 NIPEEELBAL DX
Robot A7 ¥ x 7 + ¥ BH L AAOREHATH Y. S
OFIAT 2 ARNIBRE ECHET 2 2B AT Tdb
5, COMEAZRRT 5RO E5 Kk 5, TRE
i Robot 2 Vw547 P = 7 + OBECEEDLNED B DTH
<4\ Robot A7 ¥ =7 P BREFEL TV HELkOD
VR L2B 5, (ID12)

CORMERERRT AR E LTRD 2O EL bR
%o

1. Robot A7 Y= 7 + BB OKT 2 FHT 2 0THR
. VERRSIERRAEE T P 7 PR THIAN R T
5 hHHk

2. ARG R MR T 54 7 ¥ = 7 FRRONIPCOEH D
HTERINT 28y BAT 55

9. B1OHERCOWTHIT 3, HF3MHToRRL L
BY, TTTCHWTwINTIF 7 V= 7 HERAIEE TR,
AV FPORT 2ilHIT 3 2D ICHER® future 255 &
LCELTCVE, AV y FHETT 5 L Cofuture ICff

Hand-and-arm

Y

RTRARLIL 2w

Robot Hand-and-arm

BRE

BXRILS D

11: #T O

Robot

N — - -

12: BREFEDOHA

BHEEEN, Ay - TVEBBLMNELAHOKT 22
CEHBTE D, EEFTIEHSTH T Y27 T D future
BT CEHTERE, 20AT V27 FRVEEOKT %
WMHITEBZXS5Ch B, & 21X, future 25| & fE22¢
LT

[send target message :delegate]

*FBZEFNIE, Robot 7 794K k5 cigdc
%3,

(class Robot (left-arm right-arm)
(:init
AEFAL)
((:move-from x y :to xx yy)
(case (which-arm x y xx yy)
(is left-arm-only
[send left-arm
(list :take-from x y :to xx yy)
:delegate])



(is right-arm-only
[send right-arm
(list :take-from x y :to xx yy)
:delegatel)
(is from-left-arm-to-right-arm
(send (new Cooperator)
(1ist :cooperate left-arm right-arm
x y xx yy))
:delegate)
(is from-right-arm-to-left-arm
(send (new cooperator)
(list :Cooperate right-arm left-arm

x y xx yy)
:delegate)))))

Cooperator,Hang-and-arm % [EffIC:delegate Z I3
Wi kv CoXEOMEAL, HorLoNHOREY
HOA T V=7 FBERESTVELERDBHTH S, B
BOA7 V=7 P BREECADVEESDIHRCH, £
NOFERMLAF T V= 7 P BRROMT 2o Ty BLR
BICHHOKRT 2T 57w 77 Al LaxdhiE A bk
e

g2 0hkEk, —OOREERRT 54T V=7 FfC
fToh T3t EHT 2482 AR T 2 HETd
%o reflection BfE [7)[8] 2 H T 2 B TR L OHMEEHE
HCEBHTES 3o LT, X ETR, il Ay
- VB X > CHERC SN2 HOKT 2HD
send 3L & LT,

{send target message}

FHATHIE L v, L L, COFRB—BRNWCEZEFED
EITRIRZIEFXRTLESOT, ThcXk-TBLRS
FREEDO YL — ¥ A 7R EZ ZLHENED 5, WHOREY
BoF 7 V=7 VEFRTCEIGEHPENT S Y - a
YCRE 1 OFETCTREEELDbIL S,

6 HhHYZ

WA 7Y = 7 R EFH CREMGEE XY % Lo
HESEERL, 7— X OX%E & kr Ll o LTI
TFR BT E SEIBDETH B T e ki LI
Ayt—PiCX> TR AMEIET LA & 3BT
3 WL RR o COERCES T, IFEHD
RTRHBEBR X W& T V=2 MEASHYIERL
fco COBEEAVT2Bie Ay MiMHE ISR L, T
F7 Yz 7 ol FlFLomRHIVERitiTcE 5L
EERLAo L L, RUEKT OBWM T ICE TR T4
REXD BT EERS, EOMHRKL LT, future 7]

R 5H1k & reflection % FIfIF B HikdB~<ro Th
b 2 DORPSRIC E—B 055 v . B Loiee
FEEBBCRELE TRV, TOMIORGBSHD
BEiTH 5,

% ey ABYLCH, A7 V227 FEERSBEEN BT
HOFT =27 by RV, FAT V=2 P eXTEIETS
g F R ko LA L, vy FEH LBREFETIHS
¥EL5kufy tOYFTHETHIBY S LAHEA v
257 vavikfFskdcdh (BFHEE) « JHEORE

BENBAT V=2 5 LOME S ERT 5 LERD
Bo ThYAROBITH 2,
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