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Abstract From the viewpoint of concurrent and distributed programming, several concurrent and distributed program-
ming languages were analyzed and compared. A novel structured distributed and concurrent language Orc was designed
and implemented by Professor Jayadev Misra. After analyzing the fundamental principles and language-characters, a new
concurrent and distributed mechanism of Apla (Abstract Programming L Anguage) was originally designed in the pa-
per. The mechanism includes the concurrent operator, concurrent statements, the definition, communication and synchro-
nization of process. The feasibility and practicability of the mechanism were illustrated by giving a representative exam-

ple. Finally, many advantages (such as generality, simplicity, abstract, easy-to-writing) of the concurrent and distributed

mechanism were presented.

Keywords Concurrent and distributed programming, Orc language, Apla language, Concurrent and distributed mecha-

nism
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SREB R R, CH+inHEE R4 EF Herb Sutter #
2005 SERRIR Y T “ A RO B8R —8K {457 St o 3F
ERENV”. HRESGERITERF BN, LR EE
£ . BEHFER.
FHESHRBFEOTNEE T ERTIHEITEIARS
HWE RN S ERFPITHAREE, URHTHEZ5—F
AT EVEAT FBOF R B B R A AT
HERE. BRi—8ERIES 0 Java.CHE BB RS
HRBFEH I, BEREATRES AL LAV EBHER

FIF A #3:2011-02-15 E45 HH.2011-06-16

AFERE AT T EMRERAE. F0ERERANRE
HEMBIFEE Orc BE N E BTN R BIWA NS
EAFBEAE TR, R T—5 Apla P RRFEIT
B RS B FF R XU, SRR T 3BT R T
MK Rt R jE B8 T R

2 HESKHABRFETESHR

EHEYPRES, H & (Concurrency) R H BV RLE K —
MU, ZREHEZIEBRNHTEMEEIXENITE
(Computations) 4 i ; X 2R A IFE B B LR T PUAT»
WAl DI A MR AT . FRBFIRITE
(Concurrent Programming) 7 £ 5 #tit M E Rl E & B&E
ki, AR IHE (Distributed Computing) B 5% 0 fa] £ — 4~
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TEEFERITE R A fR#p Y [5] B 43 BT /D ) 3K
ﬁ'»%}ﬁ EXERIAFRAFEZHEISTLOHE, Btk
HEEREARRBIABRLNER. RASGABFRIT
(Distributed Programming) itf, — MEF B 2 T RES S
ARG, X SR ] DU R B 3AT , A 1 E B AR
AR RIS EEE .

1968 4, E. W. Dijkstra B 5| A T 3H X B F &%
IR THXME S MIELAE. 20 HE 70 FHA]
FRWA X FREF ST ABRRHES P, HH
T 3% PASCAL.3#% C.Modula, Ada il Occam %3 %X BT
BHHES. H £ B Fi% i85 (Concurrent Programming
Language) " M FEAFE RS A T HBEH R, RIE T HER
¥ HEEBMAES LS. ML, X BRI
HRNHR, EHBA G . HESHRBEFRITHES HFR
WAGEHEER HEAHRBFRITESHRITESEHR
%.

3 KA (Models of Concurrency)™™ BH#5#iR R &4
150 MBS R, T LA A BB IR . O RN Z R (L
FE BT E . CSP, CCS, Petri M%) ; @& LI K
B, H—ME R ERB R e, BB REE R A ENIE XL,
BER—-FHEFARNE L EREARTE—IEX.
#%0, R, Milner 2 CCS g4 T 3228 X1E 3, T C. A, Petri 2§
Petri MAE T HIFRIEXL.

BREZLEEHFROARE, FRBFBITES T LAR
AE:OETHENFHIFREFBIHES (W Java.C#
%5); QFETH BB K E B FBTE T (W Erlang, Occam
%), % KRB IEF RSL (RAISE Specification Lan-
guage) PRI RHLFI R BT HBRE—EMT CSP
i CCS; ER{URME T X 3 & RGEE SRR ek, T ELiR 4t
T BB NIATEEM SN/ WG EE RN NOEER
BOWBHERUHERRIZR, BRBE T “channel”fE 1B fF R
. HERWEIEF Circus 454 T CSP.Z &5 i Dijkstra B
RIET RS B—MEREXH R oG X REH TR

- BIHRRENIES. SERRKKBE Tony Hoare LR

Verified Softwaret™ B J#k % i+ B LR % K Jayadev Misra
M EBFRIHESHRAMR, 1998 £45 K. M. Chandy
HERTHET =t (P QTR A R BB R
g5 UNITY'® ;2001 4E48 t T 1o (o) 0 3 B9 3 & R 5 A A
Seuss™, Jayadev Misra M4 3 BB 55 — Fh 2 Fr B & # 1L IF
EAHRBFRITIES O™, FEELHEER Orc B—
MEARFRITHES, R ET , B it R
SRR E BRAL TR 4% P IR 55 0038 15 L RIZB AT UME .

3 AplaiBE

PAR g1 R H RV B RRMBFTEAAIE 134
REREHELFBT B ERENE ARG FEMEsh
IR, EHMANEEHRIET Rod IR BFRITES
Apla LA AN \Radl 8] Apla 4 2% .Apla Bl C++.Ja-
va,Delphi fl VB A $ATRF AR TR . REWEF T
FHEFEHMR. (AR . 2—NEEEITFEERL

HRAEB R, PAR M PAR VS ELEES BB
MWMARFFEH T AFHFEAREEEFAAFRARGR.EH
FHE AR TRERSRA TUXEEREE 2B %
BIFWERER.

Apla(Abstract Programming LAnguage) & 5 A T
¥iEHKR S B ZASARERRGTEE ERT
BB SR EREL HELH, ETFTEFF L. B
. EH Apla IBEEHRENBRT S TR IREAEMEIE, WETF
FHRREMTT UG BRFRIHETERF. R 2M A Apla
BERETHSBEERF. ENNARRREE, WA ERE
R BB B R, i S T B R P B R UL A
B2 R Zh iR g T 3 B ALK Knuth 32 H 8 — 3R iR 2 7]
FEUS 0 B R % 4% 15 # Hoperoft 5 Tarjan #) BV H i HE
$E060
3.1 FENNERD

Apa BEEH— N HEEFARHABFENBIELER
g5 (DARYERIERB (N A integer, LR real , 7 /R E bool-
ean, FRF A char) ; (2) B B X B2 K (A2 % 2 M record,
KA array); (3D FiE X ADT (B G A H set, RAEH
list, Z X A¥ A biree, B2 M diagraph) ; (4) B 5E 3 ADT 1
R ADT MU R P AT AR AR M SR 2 A — R R T
EX ADT),

3.2 EF4Nn

Apla BEFRMTF Ada i T, B—FMETHROHRERF
WIHES . Apla WEFEHN TR, KPP (SBERIBHIX
HEARFTHRER, A FRE. 2. FEE W R
FEEABRTFHSE.

program {BFF 2> (S8R ]

[<H i) ; ]

[<SSRUEEAY; ]

[<EE iR ;]

Révr 251 oL
begin

CGBRIFER);

end

Apla B F RUME T E A REE4. K FEA BT
MR GIEAE. AplaifBE T L HE SGETR MK A
BIE, B AaFRNN TR SEIBEMERNS .
procedure (iif24)> JE£%);

begin

end;

function ( H¥ K> (BHF) KM
begin
end;
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ra BEFESE IR E T UNITY™ 1 Seuss'” BiFh3F R B F iRt
BH. HTENEEMER SHERTEER E@RRESHER
MER,OrciBFNBMAE. EV—MFHNIEE I HRR
FPBCHHES » Ore BER 58 A B AR P 83115 5 (General Pur-
pose Programming Language), X & WJ. HKMAIET (Web
Scripting Language) , Ey%ﬂﬂlﬁﬂ?ﬁig‘%(éxwutable Speci-
fication Language) M%7,
4.1 OrciBFEHERER

Orc B4 AR IES Cor(a pure functional language) . #h
FRHR 55 (external services) . ¥ 4F (combinator) fl&H KB
B X BB/ sites BN E (a large library) ZH A% .
4.1.1 Cor &ik X# Orc LXK

“#FiEA (expression)” & Orc iIEF WK EE M.
—~ Cor BIFF YLE —EHN, —4 Orc BFWATLIE—
AFER, Cor Bk A Ore RERMEERHRZ : DCor B
Orc B3F£, Bkl Cor FX XA Ore FIER; @Cor RixR
BRAE , Ore RIXAF AT ; @Cor RERBGURMEBE -4
BB WS R, Ore RIAX NPT EH WL, BlanPATRE —F
BT RBTART R, AAARN RS, EBIAF K
R4
4.1.2 SMRR4

Orc FERBE L “site” RS . X MR
S IEIRF BB AL B . web-service # 45 B PR E KR
R 5R%., —1 webservice BERE—1 sitel® , EA AR
POl EiEFT, BT LI IR 8% LE1T .
4.1.3 #HBH

Orc RIARX 4N FEFRiA R QAT —MTHE 8 EF—
AME; PR web-service ) MIZ A RBRNRFRZA BT E
BRI E B ERERRRD), O BERMET 4 15
R . 3547 %5 B 4F (Parallel Combinator) | i 2 824 (Se-
quential Combinator) , 5§ 4% % #AF (Pruning Combinator) #I7%
W EAF (Otherwise Combinator), T 4 R EH
SRS LE L.

K1 EESN LB

FRHR
*BH Hik PN WREER HREL =5
i&f’ 1+0{1+1 11
B RARAF FIG=GIF 42
FIGC #&G PR GRER %fﬁ“F‘G' ® RA 1,2, 300 F
H=(F|®| il
H=F| (G| ‘
. HEAME: ({4, true) | (5,
¥ ;ﬁﬁﬁgg ;’g’iﬁi; F>x>G>y o falso) | (6, roe))
F>x>Gﬁ%Gx CRrEmg  HEFE >(x, true) >x
7 (G>y>H) RAT ARG
iy CHE—A FRA—N4g ffi%< xh2 <x< (3 |
pereiB x e EXARKG JT 02T @ 0
BOF  RUEA g R 5 R 6
. ¥ F R FRAMNRE #4H#:FG;
BN RAMNF R R R GH=EOH © T
’ REG HREEK =F:(GH
4.1.4 HE

OrciESBATEWMNEE, BT KB HE LA site(i
array, semaphore, channel 28) F1 ¥ 2 X # o6 B (U0 each. fold,
e 106 -

repeat ) , LA P B E X site FIRE.
4.2 OrciEEHNHERTR

Orc BEMHBUERREIRX"RME. “/5E chan-
nel” AT A H A M RARRILED, f ABITE N “f5H chan-
nel” 2 Buffer, B2 551 FIFO {538, #4t T W EA#RIE
get Al put, H c. getOFR MG c PBUBIFRAHE —ME
B MMEE c WENHEESERF . put(RRE v ARG
—TWREEE c PHEHAMEE.

im . gi82 P WA E ¢ PEEBEEE -, FE LA A
FR Computer [ site X Z AT H, R F LR
B HEHE e W ERE LREME, #HE P RRN:

Plc,e) e, get >x>Compute(x) >y>e. put(y) >>P

(cye)

HRE ML (Process Network) Fi M B HE o “HEHH”
HAETIH . B0 BRI LS N 2R 5350807 b A5 A
{538 c Md WABIE, Hilit Compute HHEEE AR HFE
e. WHBEMLE N KRR

N A P(c,e) | P(d,e)

4.3 By site RAL RS

“site” & Orc B v &4 118 8 76 (fundamental unit of
computation) , )l FHMIEF P EBMFEF . HAFE
Tk (remote) FIAH B ¥ (unreliabled) ', 53X A4 7 404k
BT Orc BFRAHKMAHRITEBPUH . Orc i35 site
P SR L A TE X semaphore 01 lock BT LR R -4 I
FoRA Rt B G I R A AR P B i TR BRI R R 5
P R .

site 1A M 28 0L F B B0R R B A 3K, B site B AR
BEFHIHR. SBTURE R . EBIE site 55, —4
site AR EZ BB — WS, 0T K site 8 A REARE
ﬁ:

Site-name (parameters-list)

Orc iEF WAV, HE X site, BIFE site HRMHF R
@ BERLBIA Java FABUEE site, ;XL site A LA [F]AFHE Ore {4
PFN Java RAABILEME; © B A Orc JRE R API KA
#E site, iX 25 site HBERE Orc HUHEA.

TR site ViRISMRAR S 8RR LA
include "search, inc"
each(results)

(results(
Prompt("Search for:") )term)
(Yahoo(term) | Google(term) )
/IAPBARERRNNE term
// ¥R Yahoo 1 Google B site TR
4,4 OrcBBFE

Orc BIFE R —15E X E S (a set of definitions) Fl—
MEEZITEFRRFER B2 K (a goal expression) 4]
.

TEENEA a ST REHEF ) Orc BFIS,
def quicksort(a)= .

def swap(x,y)=a(x)? >z> a(x):=a(y)? >> a(y):=z
def part(p,s;t)=



def Ir(D)=if i<t & & a(i)? <<=p then Ir(i+1) else i

def rl(D)=if a(i)? > p then fl(i—1) else i

(r(s), i) >, tH>

Cif (8'+1<<t)) >> swap(s',t') >> part(p,s’+1,t'—1)

| if (s'+1=t") >> swap(s',t") >> ¢

TG 1>t >> ¢

)

def sort(s,t)="

if s >=t then signal

else part(a(s)l?,s+1,t) >m> swap(m,s) >>
(sort(s,m—1),sort(m—+1,t)) >>>> signal
sort(0,a. length(O)—1)

5 Apla BEHRHESHXNBMOBR

Apla B—FH# & TR RIHES, ERAREM
£ . BEH RFN SCRRZ AU P BT 4R ME PAR P SR 1)
BaiE R T AR IEIRIE Apla IR BEFHEEE—FATH
TR Java,C++,Ci# , VB, Delphi %) , X F i i BEAR
IRBTHERAEREEFN IR MTERRTFEXR
Apla BEHMBEEESER. Hil, Aola BFER . HE.
BT R ARSI ST WBR T M.

EA B Ore H R HRBEFRIHETWESRR
B RR MR R RS AR TR AN T
B S5BA Apla BE MBS H R, AT 18 Apla BT
BB FF RIMF BT, T B LU R R HANETF.
5.1 HEMFMFLRA

“KiBEL R PAR A PAR V& B FERHIE, th 2
BOIZRBERE . AT EEZEFIE, EHEX LBRBBT
Apla IR BFHIHES PR, NBEM—ZnH K
BTN BHREFIUEALSHIE NI ZPIT, L5 E
AR FERPAT , BB/ S BRI R BAT RSB RIIT. 3F
RET XK EBEIR |7, HIERMER BNF £
7.]_:\‘:

@ Con-part :: = Statement | Funrcall | Proccall |
Process

G FEBTHTRSTUERFEN. BB/ IBEREB
REHE.

@ Cormrexe:: =Con-part || Con-part

FIFEPITHRSBALFRET| |7HITEE.

® Quantified-Con-exe .. == (| | | variable-list; Boolean-
exp: Con-part )

X FREEC | PRTUEERITE T 7B —
X

HERET! "R TR

< XK. PIQ=Q||P

« &H/8:P Q| |R= (P||QIIR=P||Q]IB
5.2 Apla i BEREFIEQNFZHE

Apla R B FRIHET PEAREREL T Dikstra B
XML ET B ERH TIEEE, Bk, Apla BB
FERRETTHAGRFEEBITIITERE. TEITE Apla IUF
B RENBEIT AR,

D) EERMEFBIHIFRE
UH 3 1<i<n e % - =e)
(2) TBIBAEIFE M

if C—>8

[ &S,

[l C—>S,

fi

HEWA KM C G Ry EA, 3 R AT H X AL
BIBHEIE S 1 S,

(3) FEFBERIIF R

do C;—>S

| C—>S

[ Co=>S,

od

LEBA KM C M G FEYER, 3R # 34T B
FIEHES 1S,

) BABRMIENE

I GRERERAR (R . GBAH))
5.3 AplaiBE iR

SEROBFEITHL, F RSB FRIT RO
HEAIER. SHRERFSBET MM PITHE
BLEMNAHEAFMNE R L. 7 Apla i FEH5IAHER"R
RARMLBATHESR, HTFAHES TSR LREFERE
HE XK, EfENT IR D REZLRIAR M A A, B
HWEER VAR H, BFE AplaiE 5 Pl e LEH" R
BARZENER, #ABRWREIEFER TR RLR
EEZI K
5.3.1 #8& L

&% Apla B R BN 2 52 SR XU, fE BT
“process” R & LHH , B HBEABHABIHERR ML
AWM AT, HRE XHEERAE: '
process () GE£#);

begin

end;
5.3.2 #ARiEAE

Apla BEHRUETHE X List B EIERR, B8 Y
BBCERR AT AR List RE“IFE" M AZheE. SAXETF
“channel” 3k & X5 E ¢, &% CSP BB EHIH, c? = R-EHE
c FRBEWREHE ¢! 2 BAFE c PRDHEE .
533 #ERY

HELER FEES R ERER TR . YR TEER
B AR — A FFEAR , 7R 7E 3 e T A 4% 19 7T BB
. B, A EEHAWMER . AR TRAMNFE B
R ATREXEER IATREENRLIH.

WA E , WEN L EREE AT M & A — B ) B 2
B, AT R Z AT, BDARB R BR O ILF Y, iR RIER
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B2 G AREE R . ARG BIBERERNFEB A,
HERBEHRAEA LR, REAHBHALR M HiER
AR R — R 81, HKE RS B R 8U0 KA E  gt
FHZE
FERFEL KRB F “sync” R Apla IBEFHHEF 8.
sync SBF AT LAMZEAS B RO R 18 3R B0/ 77 ¥ BB TE (5 5
AU MRS
HEAREWTF
sync(HRELE F 8T
{ i FARE )
5.4 @i
TR S A E MR MBI K Apla BFF.
program Dining-Philosophers;
sync var C0,C1,C2,C3,C4: channel(boolean) ;
[/ BXEHFHE
process P(i:interger, u: channel(boolean) , v: channel(boolean))
var X,a,b:boolean
begin
do ul a=ture A v! b= ture—>
x: =false;u? x| | v? x;
eating() ; X; =ture; u? x| | v? x;
[| —Cu! a=ture Av! b=ture) —> u? a|{v? b;
od
end;

/5 M EERARERR
begin
C0,C1,C2,C3,C4:=[true],[ true], [ true], [ true];
do ture —
P(0,C0,C1) | |P(1,C1,C2) | | P(2,C2,C3) | |P(3,C3,C4) | | P(4,
C4,C0);
od
end,

&R\ FESHARNHERRKTENBERRN T
1), Ao BT — AR BT 3K B R 3t R A A BT ROTTHE
BERA—IIRM#R ., BT LB RBAAH R
EE S RIOERSEAAAREMFRM Orc BEEHNEE
WREXMR. Orc BEHZFHARABFRINES, LE Web-
servicel A EF , BRI PATHMTEIES.

WX EBEFREREAFN T Ore HEAXFHAESR
iE, R T— 685 Apla BUFHRBFRIHETRMA WA
R AT T LR R T fr Ak R

S5HAMH R HRBES ML, AL Apla BFHRIHR
BLEI AR R EBEERAE LT LA E : O & 08 R, 8
BHE—RHRET| " REREHERNHFRIE:QREBR
FEIR Apla U5 R PR BT AR » HE R 8 SCIAR DL TF R
B/t EE LR ; OF % Orc iBE 1 CSP#RE THR G
iR FEF BRI R QBN H R RVHHRE K
B AERE ETEFHTA.

FE, BATEERBIEHZFE S H N R ERF
RkRBBIFRBTHRAENRUSRE. £SFWIE
B, K8 ZE Apla B E P BRI — B R AR E RS B
W% #F (40 PV, Semaphore %) Rk AP REBH TR,
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Vel —FIE XM T7ER, PAR J5 B R 2330l | 338 4 0 98 ) 28
FHARBEXINFR AT OB RERANEA, B,
EEWHFENBRFEREAELR, BARRFZIHRE
iy Zvil & i3 I AT
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