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The arguements of lazy functional language are evaluated only when they are truly needed.
Sometimes this leads to the inefficiency in concurrency when the functional programming lan-
guage is implemented in distributed environments. This is due to the fact that the unevaluated
arguments may cause high communication costs for passing them to other nodes. Proposed
distributed functional language Cmex is intended to be used in distributed environments. User
can preset lazy evaluation, thus the arguments can be evaluated before passing to other nodes.
This plays a crucial role in implementing pipeline processing or other efficient concurrent pro-
cessing. As an application Cmex is used to describe pipelined concurrent B-tree search.



1 @EU&IC

—f i, BIMFIEE T, OFMILELEME
PEEELLTCRENE. L, RO, 0
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RETHEREELERT 5 T, REEOTIH
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WmERERTHEHLEEL EVIFRERY
Twa. ZOMEEMRT 572012, bhbhid
TOrADBREEEAL, FI8ERTHMT 55
BRI S8 Cmex(Concurrent Manipulation
of Expressions) 2 B% LT 5. Cmexid, XD
LI BEEER AL TWA.

o preset HJIC & B E5 A OKATRHE AR T
H5.

o SHHEDBBT, BIWICTOLRAEER TS
EHTRETH .

o YA EEBEICHRZ AT O ARBELITD
72ODOR—F EHABELTNS.

SEERE T U AR R MERIEFEC
Concurrent Clean [3] #5% 5. Concurrent Clean
TiE, 7utxid, #EF v~ %)V (communica-
tion channels) {2 & o TH / —F (root node) iZ
DN T T TE L THbhE, SutEA
HodEER, 7oA EFIO L A@OATET
b, FrutAFLORERTHIELIITER
v, 5T, Concurrent Clean % D7 Ot
ADEE LE I BRREDNRT S A MTITEL T
Wiz, TR LT, Cmex TIR7 01 AME
BORIZR—-P2HVBZLICLD, 7oL
EF 7O AMOBEUSACTF IO AFLTS
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2 SHEEEREEEE Cmex
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EFI2ERRTELL)ICHEL-EETH 5.
Cmex THE, PEVMNLURE, UNIX (CB#ET S
< v F 2B Miranda DFEOTXTOH#ERE
BFYR—-F LTN5,

2.1 EACHEE

707 7 AIHBOEENOEETHY, A7
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AVFVIV=VERANTNES,

H—FReng—22yFd
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TE, BIEH s+ 2 W THEZEOB 2 EHETX 2,

RIEHROFHEICIL, ROZEBESD 5.

(1) B3R (type synonym)
FTORAEET AR E PRI D, == %
HWTERT 5.

(2) U7 — # B! (algebraic data type)
BET (KXF0bhT 23%F) xHnT
FLOBLERTLILHNTES, “w=" %
BYTE&RT 5.

(3) #i# 7 — & & (abstract data type)
BERNAT 28EL 26T, —DDH
EL-BDTHAB. abstype Tk o THIZE
L, with LT ICZOBIERTIRBORE
TEETA.

2.2 HRIREE
preset GIC & 3 L 1TEAE

Cmex Tix, ROFMICBIEFE HVCw 5.
LaL, 47/ EF0E 2475410, ko X
3 RS AH 5. ‘

o TULRAEBEOERI, BELEINLFT—¥
PREHEOKDOBEICIZBE L 2L TR}
PREL LB,

o EFVLEIZRDET, TUEFHET 570+
AR E N,

H->T, EROLIBHAICBVTIE, 7T
ORZBEFFHET S L0 b, Bk 2 5eiTaE
HLAFFLEE LOWERSEONIBEK S 5.
I T, Cmex Tid, AR EHATEMTE
5 L)1 preset AJFEA LTV D,

preset 1Jid, where A & RIS — D DEHEE
B B RERZIT ) DD BDTH 5. preset
AHNDR (preset & MER) i, “BATF=" 0=
K% & 5. preset NOFMI AT EEMALE 2 56
SREERL, EROBITF*BEOEHER I
RO D ICEER TSI EASTE S, preset
WHOTRTORERTEMEINS. Thbb,
B DOADFEMICHE7Z 5T, preset 7D L5 6 N
S ND T L B, preset OB E LT
R

preset 4 := preset preset Lt
preset 3 := AT = X

| K—FOEE

| array 3

| preset 4J

7O+ X

Tat AL, Cmex (BT 5047,/ BFMED
BThsd., i, FHOBE CRINICERT
AHIENTRETHD, THERARERT L7012
&, EOEGEIAT EF L CETEELD0%,
BRMICIEET AUEFSD L. Tk 510, B
S ORRE -FIER LI EICLD, &
DT O AEREGIETE, SR LLE T
RBEICHEoTVD., F O RERKIE, preset
AP T O RERT {p} T A LTk o
47

{p} :: * -> %
Al = {pr X

KOFNC, 7O RAEET {p} MM THZ L
&Y, 2OROFMETH S0 LR EFH/ICE
By 5. FHEOME, EREIES N2 5 1885
BFICFHEOERYEL, 7oA F0onES
¥z, HRTH. FHOERINE- T BRI,
FOBUFEFMLELO L LT ORI, 2
PIEL F THEHEENS.
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K—F DA, ¥—FEEF useport IZL o
T17.
useport F— F&T

[in {common | private | once}]

F— b+ EEF useport T, EHTHKR—- A
LEOR—F OEEEERET S, K- OEFHL
LTIRUTOLDHH 5.
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5.
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PR END, FLT, FRFEEMLNUANER
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o FUOLA AL ApDBETIER, TOEA
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HlIRRER{E

BREFEREOFET, ¥— 7 2l &gy
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FoTWaBEICIE, #0EOLEBEOE TR
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BRI 22T TEYET. dL, BIck
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THEAGARPSHBRER, FOF7 02 ARY
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3.3 RXJ7UTShEGR
BADODEEX XD L )T btree BITEET 5.
5B, BBERT AT - ORTHS,

:= Branch [(*, link *)]
| Leaf [(num,*)] | Nul

CIT, Blink 3WEEHEE 2o HBETD
D, ROLHIICK—F 2HVCEEINS.

btree * :

link * ::= Port (port (request *)) ] Nil
F7OEAZRD L ) RRABERE ZITHS.
SERCH HHEX UPDK F—EHER

INS  $EAEK TRANS FIZER
DEL  HIBRER DEL.TD H4REX
UPD. HAEHER UPDL EHEELHER

UPD.D HIBREHER RPLY H£&

ETOEATE, FOBRETOMBLISEL
TRERICL > THIBTAHBEEML, 2hth

DT AT . 8T, 47 B ABERICBWT,
FIMETLETOER (M1 OREEOS 0k
A) OB - AL % Cmex TER L4 %55
T D - FIiNET 5702 FEHOT IV
T) AL EHNCRBT LI P TES,

4 BBbUIZ

FBRLTIE, 70 A0BATEAL, F0F|
BTHeHINEHATHMETES L I1c L7253
HIBEIIEFE Cmex DB ERT2. F77, Cmex
%, AT/ WIIED/NT & 4 ADhTHEERN
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1btree * ::= Leaf [(num,*)] | Branch [(*, link *)] | Server | Nul

Il 70t ABDY ¥ 7 DEHR

link * ::= Port (port (request *)) | Nil

Il 70X HEEDERER

request * ::= SERCH num (link *)| INS num * (link *)| DEL num (link *)|

UPD_I num (link *)| UPD_D num | UPD_X num num | TRAKS (1linkx*)|
DEL_TD (link *) (lbtree *) (link *) (link *) num |
UPD_L (link *) (link *) | RPLY num [*] | Nop

destination ::= Left | Right | Up | Dwn

1| BRI
search (key,upnode) (self,up,sv,l,r,sl,sr,m,rm,Leaf dat)
= (self,upnode,sv,l,r,sl,sr,m,rm,nd)
preset rply = search_lf key dat
send = {> sv} rply

search_1f key []

RPLY key []
search_1f key ((ki,v1):data)

RPLY key [vi], key = ki
search_l1f key data, otherwise

LU (1]

3R ARME
insert b (key,d,n) (self,up,sv,l,r,sl,sr,m,rm,Leaf dat)
= ins_upd b (self,n,sv,1l,r,sl,sr,m,rm, Leaf dat’), #dat’ > b
= (self,n,sv,l,r,sl,sr,m,rm, Leaf dat’), otherwise
where dat’ = Leaf (ins_data (key,d) dat)

ins_data (key,val) [] = [(key,val)l
ins_data (key,val) ((k1,vi):data) = (key,val):(k1,vi):data, key < ki
= (k1,v1):(ins_data (key,val) data),otherwise

[} ABREIC LY /) —FOSESLELEEIC, T UHET S
ins_upd b cntxt
= ins_upd_d b sync cntxt’, (is_node_div b cotxt’) = True
= un_sync sync cntxt’, otherwise
preset useport sync in private
cntxt’ = do_sync b r_sync (TRANS sync) cntxt

ins_upd_d b sync (self,up,sv,l,r,sl,sr,m,rm,nd)
= (self,up’,sv,l,r’,sl,sr’,m,rm,nd1)
preset

useport r’ in private
useport sr’ in once
(nd1,nd2)= div_node n (((len nd)+1i) div 2) nd
p = {p}process b (r’,up’,sv,self,r,sr’,sr,minkey nd2,rm,nd2)
updright = {> sync} (UPD_L r’ sx’)
updup = {> up’}(UPD_I (minkey nd2,r’))

| a7 ot & o RMERE
do_sync b dis req cntxt
= cntxt, res = []
= do_sync b req (proc b cntxt (hd res)), otherwise
preset res = dis cntxt reg

r_sync (self,up,sv,l,r,sl,sr,m,rm,nd) req = {> sr} req

un_sync pt cntxt = cntxt
preset send = {> pt} Fop



