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Abstract — In this paper we present Clara, a new programming lan-
guage for high performance distributed computing. Clara has been de-
veloped to embody in an efficient distributed computing environment
the conceptual clarity of the actor model, an object-based framework
for the design and implementation of open distributed systems. We

describe our Clara compiler, paying special attention not only to the
adopted two stage translation process but also to the runtime environ-
ment, which is based on the message passing interface standard.
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[. INTRODUCTION

With the proliferation of diverse operating environments
and the intense use of software development tools in the arca
of compiler construction, the landscape of programming lan-
guages for distributed computing appears to have reached a
point of saturation. Many such languages do exist, but the
problem of developing from principles conceptually clear ef-
ficient distributed systems seems to be far from a solution.

In part, the problem above can be attributed to the lack of
criteria in the development of distributed programming lan-
guages. Most existing languages do not follow an underly-
ing model and simply result from the assembly of discon-
nected features. Another cause seems to be the lack of reuse
in the design and implementation of distributed computing
environments: they are developed from scratch, sometimes
using the same production tools, but best performance prac-
tices learnt in a project are seldom replicated.

In this paper we present Clara, a new programming lan-
guage for high performance distributed computing. Clara is
based on the actor model of distributed systems [Agh86].
Actors are independent encapsulated units of control and
computation. They interact solely via point-to-point asyn-
chronous message passing. The delivery of messages in the
actor model is guaranteed and, as a result of consuming a
message, an actor may change its local state, create finitely
many new objects or dispatch a finite number of messages to
its acquaintances, the actors whose address was received at
creation time or in a message. Based on this simple model,
we believe that Clara is a conceptually clear language.

The paper discusses the development of a Clara compiler
with a distributed runtime environment. The syntax and se-
mantics of Clara are based on the high level actor language
studied in [MT99], with the definition of functions partic-
ularised to use the purely functional style of the language
Miranda [Tur86]. The runtime environment is built on top
of LAM [BDV94], a distributed middleware which follows
the standardisation efforts of the Message Passing Interface
Forum [For97]. The compilation process takes as input high
level Clara programs, strips out synchronous communication
primitives which are not supported by the actor model (but
are included here to ensure programmer comfort) and pro-
duces in the end a C program that makes use of LAM system
calls. Reusing this publically available toolbox, we obtain a
high performance tool that can be used in many distributed
operating environments.

We organise the remainder of the paper as follows. Section
II contains the syntactic and semantic definition of Clara. In
Section III, an example of the use of our tool is presented.
Our Clara compiler and runtime environment are outlined n
Section IV.

II. THE SYNTAX AND SEMANTICS OF CLARA

Clara is based on the actor model of distributed systems.
Each actor has a finite set of attributes, state variables which
may only be changed by local computations. Since interac-
tion is via asynchronous (non-blocking) message passing, in
a system of actors there 1s no notion of global state. Commu-
nities of actors having an explicit interface with their envi-
ronment — the names of actors which may receive messages
from the outside word (the receptionists) and those assumed
to exist externally (the externals) — are regarded as compo-
nents and define units of modularisation and coordination.

The abstract syntax of Clara is presented in the Appendix.
There are just two kinds of data types in our language: ac-
tor addresses and integer numbers. The domain of actor ad-
dresses 1s endowed with a bottom element denoting unde-
fined objects, represented by nil. Addresses provide an un-
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component Network
yeceptionists ([nr)
BELOIO Nr := new NNode(]:

component Tree

externals [nr, tp]

receptionists {tr)

actors tr != new TNode[nr,tr,tp];
messages send tr BSYNC]|]:

component System
Network([], [nr\network]) ||

Tree({nr\network,tp\par],[tr\tree])
({par], [tree,network))

Fig. 1. Basic definition of multicast system components.

The initial definition of these components appears in Fig. 1.
At first, the network contains only one object, nr, which may
receive messages from the environment. The tree component
contains just one receptionist actor as well, the root node tr.
The latter component regards as externals not only the repre-
sented networked object but also a parent actor for the span-
ning tree, tp, which may be useful as an extension point in
case the network becomes part of a larger one. There is also
a pending BSYNC message addressed to the tree root which,
once consumed, will start up the monitoring of connections
of the object network. These definitions could be statically
composed as presented 1n the figure.

The definition of our system, System, says that the object
whose existence in the environment was assumed by the tree
definition is bound to the initially existing networked object.
Moreover, the resulting structure has two receptionists and
one external.

The behaviour of networked objects and spanning tree
nodes is presented in Fig. 2. The network has a dynamic
topology which may be expanded in two ways: creating new
nodes, in which case a ADD message is dispatched to the ac-
tor responsible for the new object creation, or making a con-
nection to another network, in which case a LINK message
containing the network address is dispatched to the same ob-
ject. As a simplification, we allow each networked object
to maintain only two directed connections. The tree root is
supposed to receive each message to be multicast, MSG. This
object maintains a representation of the network which 1s a
directed acyclic connected graph without converging links.
This structure is used to guarantee that message multicast,
which is synchronous within the tree to avoid deliveries to
unintended recipients, be performed with minimal overhead

for the networked objects themselves.

It can be noted in the definition of network nodes, NNode,
that even after having processed the addition of a new node
or the connection to another network, the respective objects
may answer queries concerning the established connections,

ASK, without reporting yet the existence of newly introduced
links. This happens because a self addressed asynchronous
message, SET, is dispatched and only upon its processing
will the links be updated properly. This may happen after the
arrival of the query, since there is no requirement on the order
of message arrival in the actor model. To decrease the non-
determinism in the specified behaviours, the asynchronous
use of SET may be substituted by a synchronous invocation,
using call instead of send. This illustrates the importance
of supporting both synchronous and asynchronous self in-
vocations, to avoid duplication of code providing the same
functionality and facilitate reuse.

Once the initial BSYNC message is processed by the span-
ning tree root, this component starts to traverse the object net-
work gathering information about existing links, using ASK,
and checking if they have already been represented as tree
nodes, via INS. The recursion of this process happens with
the dispatch of other BSYNC messages to the children of each
node, if they exist. When some node receives a ANS message
containing a link, which is presumed as yet to be represented,
the whole tree is searched to verify if it is not already rep-
resented somewhere. For each visited node with a child, a

join-continuation object with behaviour Cont is created to

wait for either one INSERR message, stating that the link 1s
already in the tree, or two of type INSOK, saying that the
search was not successfull. In the end, a similar message
is dispatched to the query originator, which in turn decides
on whether or not to create a representation of the new link

connected to 1tself.

The process above would work as expected if the object
network were static, but in an unconstrained system objects
could be created or new networks connected while the tree
is being updated, leading to a behaviour which could never
result in a network representation. We solve this problem as-
suming the existence of a wrapper to sit between System
and any customer. This new component allows, in a mutu-
ally exclusive way, the tree to produce an up to date repre-
sentation of the network and this last component to behave
as described above, also hiding networked objects from the
outside world. In this way, the illusion of a single object is
created for the group of networked objects, as required in
strict multicasting systems.

The definition of wrappers appears in Fig. 3. There, a
typical use of synchronisation constraints is presented. Any
wrapper object may be in one of two states: waiting for the
tree to synchronise with the network (s = 1) or allowing this
last component to receive environment requests (s = 0). In
this second state, environment messages are recast and dis-
patched to the network. We need in this process helper ob-
jects filtering replies to the environment and avoiding that
network addresses become known.
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yehaviosur NN
behaviour NNode

attributes n:=0: nbl:=nil: 2=
. Vv » n A:-'n.ll' nbé:"ﬂll:
methoads
C‘v:‘"‘ - L - ‘ % 9
oLl X: 1f (nbl==nil) then
nbl:i=x;
else
nbZ:=x:
ADD ¢: if (n==2) ¢
. A A rl——(.) l.}ﬂlen
send ¢ AERR([self];

else begin n:=n+l;
send self SET[new NNodel]]’
send ¢ AOK([self];
end;
LINK x ¢: if (n==2) then
send ¢ LERR[x,self]’
else begin n:=n+l;
send self SET[x];
send ¢ LOK(x,self];
end;
ASK ¢: send ¢ ANS{self,nblpnbz]?
MSG: skip; /* not specified "y

funcrion

Used x v = 0, (x==nil) /\ (y==nil)

(x==nil) \/ (y==nil)

= 2, otherwise
behaviour Cont
attributes o; m, r:=0;
methods
INSERR:
if (r<m) then send O INSERR([ ]/
r:=m,
INSOK x b r:=r+l;
' d o INSOK [x,b]?
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viour TNode€

beha e
attributes n; Lr :“ 58 A i3y
g:=0; vi=0; qux:=nil; ncl: nil; nc2’=nil;
methods
MSGS~Vs" all n MSG [/ , .
f ~(ncl==nil) then v:=call ncl MSG[];
lf "(nc2==nil) rhen v:=call nc2 MSG([];
BSY;C s:=1l7 send N ASK([self];
YNC X: g:=5+1l;
% £ (8 7 Used(ncl,ncZ)) then
1L ~0; send P ESYNC [self]; end;
then

in S:
ped -3 (Used(x,Y)=‘O)

send self ESYNC[self];

begin
el 4 ==nil) then send ncl BSYNC([];

if O(ncl |
else if G(x==nll) then
send I INS[self,x,O];

if W(nc2==nil) then ssnd nc2 BSYNC([]:
else if 7 (y==nil) /\ O(y==x) then
send I INS[self,y,l];
end;
INS o X b:
send O

else 1if (Used (
send O INSOK[x,b];

else begln
aux .= nhew Cont

> i D(ncl==nil) then
send ncl INS[aux,x,b];

1t G(nc2==nil) then
send nc2 INS [aux, X, b]7

i f (x==n) then

INSERRI[] 7/
ncl,nc2)==0) then

[o,Used(ncl,nCZ)];

end;
INSERR: send self ESYNC[self];

INSOK x b: aux := new TNode[x,r,self];
if (b==0) then ncl:=aux;

else nc2:=aux;
send aux BSYNC[];

Fig. 2. Behaviour definitions of basic objects in the multicasting system.

E TRANSLATION AND EXECUTION OF CLARA
PROGRAMS

The compilation of Clara programs is quite standard. Each
program is passed as input to the compiler front end, which
generales a syntax (ree. This structure is analysed by a pre-
compiler, which strips out synchronous construct nodes and
produces a modified tree. The code generator takes the re-

sulting structure and creales a C program. In the end, we

need a C compiler to produce an executable.
The compiler front end was obtained from a specification

of the language syntax, written In augmented BNF, using the
standard compiler construction tools Lex and Yacc. These
tools were used to generate a code fragment, written in O
that produces, when executed having a source program as
input, the corresponding annotated syntax tree. The anno-
tations are used in the generation of code. Incidentally, the
whole development of this component was greatly simplified
due to the reuse, as part of our implementation, of the Mi-
randa syntax specification described in [DI96].

I[V. ONTH

The next stage in the compilation process takes the gengy.
ated syntax tree and removes in a recursive traversing any use
of synchronous interaction constructs: synchronisation cop
straints and remote method invocations. These are identiﬁe&
by tree node annotations. Actually, the translation begip
by rewriting expressions, conditions, and then commands
methods, behaviour and component definitions, but to e ;
the presentation we organise the material according to ?ﬁe
twp constructs above. In the sequel, we just sketch the tran :
lation schema 7, first treating the removal of synchronisat; y
constraints (disabledby)and then treating the eliminatilg:

of remote method invocations (call/reply).

A. Compiling Synchronisation Constraints

Tf?e translation of synchronisation constraints is quite sub-
t?e, since 1t cannot violate the fairness requirement on the d
livery of messages present in the actor model. Mason acc;
Talcott. [MT99] note that the simple solution of translati:n1
the arrival of a disabled message into its self dispatch doei
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behaviour Wrapper
attributes n; t; s:=1; v:=(Q;
methods
BSYNC disabledby (s==1):
send t BSYNC[]; s:=1:;
ESYNC t disabledby (s==0):
send self BSYNC[]; s:=0;
MSG disabledby (s==1):
vi=call t MSG [];
ADD ¢ disabledby (s==1):
send n ADD[new Helper[self,c,nil]];
LINK X € disabledby (s==1):
send n LINK|[new Helper [self,c,x]):
behaviour Helper
attraibutes w; c; t;
methods AOK x: if O(c==nil) then
begin send c AOK(w]; c:=nil; end:
LOK x n: 1f U(c==nil) then
begin send ¢ LOK(X,y]); c:=nil; end:
AERR n: send n ASK[self);
LERR n: send n ASK[self];
ANS n X y: 1f (Used(x,y)==2) then
if (t==ni1l) then send x ADD[self);
else send y LINK[x,self]);

component Wrap

externals [network, tree]
receptionists [wrap]
actors wrap := new Wrapper[tree,network];

component Group
System([par\wrap], [tree, network]) ||
Wrapper ([tree, network], [wrap]))

([], (wrap])

Fig. 3. Definition of wrappers and related structures.

not provide the intended level of fairness since the message
could be infinitely often enabled but never processed because
it always arrives when disabled. We follow their strategy
providing a fair solution which relies on a queue of deliv-
ered messages with checked and unchecked status. The be-
haviour of an actor system obeying this refined protocol is
presented in F1g. 4, where state transitions are labelled with
condition | effect pairs.

Let us sketch the compilation of synchronisation con-
straints. We consider that any actor specified in a high level
program is realised as two low level objects, a message queue
actor and a behaviour actor. This system cycles between two
states, represented by the value of the attribute ¢: 1ncoming
messages may be processed (¢ = 0); or the system 1s travers-
ing a delivered message queue searching for enabled mes-
sages (t = 1), in which case 1t cannot deal with fresh mes-
sages that are instead stored in a pending message queue. We
assume the existence of a queue object, g, whose behaviour
depends on ¢ and the status s of stored messages: the received

message is unchecked (s = 0); the checked message was

enabled (s = 1); the message was checked and consumed
(s = 2): the checked message was disabled (s = 3). We also
consider the existence of a behaviour actor, which, differ-
ently from [MT99], receives from the queue messages anno-
tated with their respective status, customer and the queue ad-
dress. After receiving a checked enabled message, the queue
actor behaves as the given object.

The specified creation of an actor in a high level program
is translated as follows, where a queue 1S defined to serve as
a wrapper for the requests addressed to the specified object:

new Sourcelei,...,€n]
w4 (1)
new Q°CUICe(pney Source[w(_e;),....rr(en)]]

According to Fig. 4, the initial state of an actor system
corresponding to a high level object is one willing to deal
with unchecked messages. Whenever a new message 1S re-
ceived, it is immediately stored in the queue. The queue dis-
patches to the behaviour actor a copy of each uncbecked mes-
sage, which may be fresh or come from the pending message
queue. Suppose the message matches a method defined by:

MTigl ...z}, disabledby ¢ : b

The behaviour object may find out that the message is cur-

rently disabled (¢’ true), in which case the process of travers-

ing the queue continues with a new message being r.equested,

N X_MT31. Otherwise, a request to mark the received mes-

sage as enabled is issued to the queue, EN _MT7. This last
request causes a dispatch to the behaviour actor of another
copy of the message with an updated status, which generates,
once consumed, yet another request for the queue to mark the
message as consumed, CK _MT”. In case the behaviour ac-
tor receives a checked message with disabled or processed
status, this indicates that the end of queue was reached and
the messages which have not been consumed should be con-
sidered as unchecked. In the end, there may still exist pend-
ing unchecked messages, which are then checked, or the sys-
tem returns to the state in which environment messages are
awaited. We adopt the following schema to capture this be-
haviour in processing a M T message:

behaviour Source
attributesa;;...; a;;
MT! z] ...z} disabledby ¢! : b;

By . ‘ at w(2)
MTJ m’l ...T), disabledby ¢ : b7; -

MT* z% .. 2k disabledby c* : b¥;

(*) 7, kI, ¢7 fresh identifiers.

LSince the symbol - is not allowed in high level programs, message tags
formed like this one are necessarily fresh.

- — — e ———" - A ————— o — P — -
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Traversing

received(M')
Qp - Qp 4 +[A1,]

— Q;,)V
' AQp = []
o = [11Qc := Qe + +(enabled(M)?[] - [M])
received(M')| ;
received(M') Qp + +HM']
Qp =Qp+ 4*[/\1']

— A/[’ A Qu - ::A

pled(M)?(] : [M])

Legend

M : current MESSage
O : received unchecked

Q:: received checked
Qp : received pending

Fig. 4. States of an actor system simulatin

hbehaviour SOurce

attributesai, iy B3y iy
‘xll disabledbyc¢ +

MT?! z1 ..
}VlTj .1:{ ozl sk @it (s7==0) then
if w(c’) then | e
send QJ NX-MTJ[I'; ---axjm,k])self];
else | '
send ¢’ E'N_MTM;;{,...,a:Jm,kJ,self];
else : .
if (s/==1) then begin
7(b ); send ¢’ CK-MTJ[x{,...,:z:fn,kf,self];

¢’ _UNCK|[self];

end; else send

MT* z7 ...z¥ disabledby ck : b¥;

QS°urce behaviour are specified below.

They accept messages as the original actor, 0. Each received
message of type M 77 is stored as a new MT’ object with
the unchecked status. After this new object creation, if the
queue has just entered into the traversing state, a request for
the dispatch of a copy of the new unchecked message to the
behaviour actor is issued and the reference to the queue el-
ement, u, is updated. The queue object may already be in a
travesing state, in which case the new message is just stored
in the pending queue, which begins with p. Note that we use
this representation to implement message queucs as chains of
connected actors. From the dispatch of the new request on-
wards, the queue and behaviour actors engage in the commu-

nication protocol above. The queue object serves as a gate-

Objects with a

g synchronisation constraints using message queues.

way for any access of the behaviour actor to queued me
sages, forwarding requests (o the queued object which y
the last one before the beginning of the traversing process,

The use of o and u only as part of internally exchanged me

sage bodies garantees that the respective objects are hidd,
within the system, since their names do not become kngy

by the environment. We present below the definition of the,
objects, which is included in the compiled code:

behaviour QSCUrce

attributes o;t:=0;
p:=nil;u:=nil;n:=nil;

MTI zy...Tm :N:= NEW MT’SOMce
[Z1,. .5, Zm, 0, cust, self,p,ol;

if (t==0) then begin
t:=1; u:=n;send u -NEXT[];

end; p:=n,
EN_MT) 21 ...Tm Tk Zo : 1f (To == 0) then
send u EN-MTj[:zl,...,xm,:z:k];
NX.MTI 21 ...Zm Tk To : Lf. (To ==0) then
send u NX_-MT?[z1,...,ZTm,ZTk];
== 0) then

CK:MT)V 2177 Bm lga:o TR, =
send u CK_MT?[z1,...,Zm,Tk];

UNCK. zo: 1 (ZTo.== 0) :then
send u .UNCK/[ul;
END ;51 F% (2 ==1u)>"then*begin
if (p==u /\ O(u==nil)) then
t:=0;
else if [U(u==nil) then begin
u:=p;send v NEXT[];

end;
end;
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pehaviour 'I'\T"I“gm,,"
attributesa).....am; s k:q;n;o:
NEXT:1if (3==0 \/ n==nil) then
send © M’I‘J'[m....,am,g'k,q]
else send n NEXT]);
.LIA"CK' Ty :1f (8==3) then $:=(;
if (n==nil) then send r, END|];
else send n UNCK/|z,];
JEND:send q .END[self]

.
L |

ENMT 2, ...2m 2y : I*1 < i< m ¥
if (aj==zx;) /\ (k=f=:r,,)/\(3:=o, then begin
§:=1; send o MTJ[.T],...,Im,g,J;bq);
end; else send n EN-A47‘1[11,...,zm,xk]-
CKMI’ 2y ..2mzp: /1*1 <i< m ¥ :
if (ai==2;) /\ (k==z}) /\ (s==0) then begin
$:=2; send self NEXT|]):
end; else send n CK-MTJ[zl,...,xm,zk]'
NX MT? : /* similarto CK _MT, with s: =3 %/ :

B. Compiling Remote Method Invocations

Once the behaviour actor receives a message with checked
enabled status, it will only expect to receive other ones from
the queue after having replied with a confirmation that pro-
cessing the current message was completed, CK _MT7. We
take advantage of this fact to translate each remote method
invocation, which requires precisely a blocked state of the
source actor until a reply is received from the target indicat-
ing that the method was completed. Suppose we are dealing
with an actor with queue ¢’ and with method MT” having
customer k7, some of the message arguments introduced due
to schema (2) above. In this context, we perform the fol-
lowing translations, assuming the existence of new object at-
tributes 7b and rv to deal with the existence of a reply and
the respective future value:

Bl £ gf
4 :
cust w=(>) k7

if (rb==0) then
begin rv:=w(e);rb:=1; end

reply e =

Any method may be invoked in a remote synchronous way.
The correct behaviour of an actor providing a MT? method
synchronously can be ensured by the translation presented
below, where the return of the first reply value to the method
customer is added as the last method body command:

behaviour Target
attributesai;...;a;;
Y o K T bl A S

MTi o) ...zl s kgl b ...

MT* z¥ pktgki R gk bk ..

7 | (6)

behaviour Target
attributesay.....a;,rb:= O;rv:= nil;

MT 23 .4 8 R @' i O

MTi o .. 2o K gf: ... ¥;..
if Cl1(kl==nil) /\ rb== 1 then
send K _[rv];
rb:= 0,

MT® 23 .. 8% 8" R ... 0, ...

In the compilation of remote method calls, care must also
be taken, since the invoking object may be the functionality
provider itself. To avoid the potential self deadlock and en-
sure that the process is performed in a safe way, a new actor
is created at each remote invocation. This new object serves
as a temporary one message queue for the source of the In-
vocation and also becomes known by the target object. This
helper actor not only handles a return value for the call but
also stores the current message contents locally, waking up
the originating object at the end of the process and resuming
the original computation. In the beginning, the invocation
message is dispatched to the helper actor, which packs the
synchronous call in a way that is appropriate for target con-
sumption and waits for a reply, which is dispatched back,
when received, to the source object containing the original
message arguments and the return value. The possible exis-
tence of a resuming point in the original computation is what
reminds us to avoid the loss of computation context. We treat
as follows the compilation of a method invog:ation and the
respective reply, where ¢ = (call €0 MT(ey,...,em))
¢ € bk, vi and t7 are fresh identifiers z 1s a fresh constant:

behaviour Source
attributes a;;..l.;c:,-; 1
MT!z!.. .z} s' k' g :b;

MT o3 ...z s K i b

MT" T3 ...z sk kk gF: b*;

w4 (7)

behaviour Source :

attributes “a;;.. ;@705 := 0;rv¥ :="nil;
Bre g

MT? 235 22} s (k' g b7

MTI x’l .zl 8T ki gl b

MTE zscizg s kg% m(C(bY; ¢));
k k Rk LR A
send (new MT, ,[z},...,Z5,8%, k", q ,self,z])
MTJ['”(CI)""a?r(.em)’ﬂ'(eo)];
-x’l‘...xﬁskkquw N '
if (t/==z) then m(C(b*,c)[c\v?]);
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ys that the synchronous call is substituted by a new
ew actor

aclor creat :
and th Llrm“n‘ the dispatch of the request o this n
‘ ¢ tre . .
% reatment of the reply using a message tagged with
C > » e R < — ' ;
use above two functions C and C to compute resPe™

[j\'c] a AR e . .

) .lhn, customer behaviour up to the point before the re-
mo ' : ~ - ! w
te invocation and its continuation. In our presentation, ¢

hav o g ' o . : . k
| SEk "““dt some simplifying assumptions, including: that b
i1s a list of commands without 1 f hranches and that therc 1S

just one synchronous call ¢ € b*. The reader 1S refered 1O

(Kim97] for a more detailed treatment. The following be-
haviour definition is included in our compiled code:

behaviour MT*
call

attributesag,..«»

methods
MT7zy...xzm t: 11 (d==nil) then

{€ (t==q) then begin

d: =0, send 0 MTV [Zyy:-+ s Tm; l,self,self];
end; else begin

d:=t, send 1 A'ITJ[Il,...,zm]@self:

end. /* i.e. the customer of MT? is self */
_grif O(d==nil) +hen begiln

send d -[a1,.:+»

end,
ove are performed in a recursive marn-
ours from the given

f derived behavi
at there 1s only on¢ method, nec-
dition, treating each message

iction since message patterns
in this case,

treated.

0. 2,d:= nil,

The translations ab
ner and determine a st O

definitions. This assumcs th

essarily with a disabling con

type. This 1s not serious restr
constants becoming variables

can be abstracted,
unified and, together with their disabling conditions,
mpilation process.

This is in effect part of our pre-co
The code generation Step is interesting only when it comes
constructs, since constants, func-

to the translation of actor
tions and their invocation, expressions and conditions can be
definition 1S trans-

directly rewritten in C. Each behaviour
lated into a procedure, where attributes are represented as

local variables and the control flow determines how the actor
reacls to incomming messages after its creation as a forked
< These independent control units make initial MPI

mselves with the runtime environment.
As a result, actors obtain unique identifications which serve
.5 the extension of the addresses data type. Components are
also registered as MPI objects so that they can dispatch 1ni-
tially present messages to the respective objects, although
their identity is not available to programmers nor is any ob-
servable behaviour exhibited from this point onwards.
Concerning the translation of message passing, although
MPI and LAM provide a multitude of modes including syn-
chronous and asynchronous point-to-point interacu'o: the
semantics of the actor model is most faithfully capture,d b
the use of buffered local non-blocking sends and receivesy
These functionalities are requested as function calls which.
are part of the generated code for the dispatch and’ deliv-
ery of messages. In the dispatch, the message contents are

proces
calls to register the

SBAC-PAD' p ,w Computin
AC-PAD'2000 12" Symposium on Computer Architecture and High LEF2 s LQQQKQ
:Sp

. a buffer (since all the manipulated daty, y
ented by integers, W€ are not even required 1o - ¥,
acking). The sender may be f’“OWed 0 chig oy,
the end of this writing prOCe'nuc il;
qarantees that, just after its creatjg %, G
s - n(" Q
thod body: each actor will be Witk th,
] .

mpletion
comp . .oming MESSAges: Whenever one affivengfn
ing the message tag and contents is USeds' th
tern matching process. y,
. 0 of a program presuposes the Xisteng
functional cluster of com ¢ g
quirement on the type ofpll: ‘
the size of the cluster. The pa"iciar
fully connected toPOlog;)a;

dard leaves process
Plag,

processing nodes
The MPI stan
unspecified and ¢y
ar

d load balancing

ese facilities.
d in any node of a cluster,

program
Programs may be execule | ‘
.+ to check if the main compop,

first step 1N cach e I
defined by the prograrm can be compo.scd wit that contaipj,
all the already existing objects. This is an interactive Proce

fﬂTUTlCUSUOﬂWCraIﬁHR

that requires the intervention of the pro
The customer IS asked to decide whether or not some of g,

new component externals can be bound toO receptionists X

the cluster and 1f some receptionists of the new COMPong,
als from the existing COMPOngy

should be viewed as extern
perspective. In this way, a dynamic composition of the r,
spective components is defined.

V. CONCLUDING REMARKS

In this paper weé have presented Clara, a new prograp,
gh performance distributed compuﬁng‘

ming language for hi
Clara is based on the actor model of distributed systems
clarity of this model due to the;:;:

inherits the conceptual
of: (i) independent object-based units of control and comp
U.

tati.on, called actors; (ii) asynchronous point-to-point j
act.non, based on message passing; and (111) (re)configy g
units of coordination and modularisation, called distribrablc
system components. The resulting language 1s powerf ]med
simple. As a first step in our compilation process, we ru -
from each program synchronous constructs that a,re d feimove
in terms of these three characteristic features of i
language (cf. [MT99]). ou.r Kemg
Many other languages and system ‘
distributed computing have bee};l pro:)cfgeo?l%\thCe[r,formance
and HAL [HA92] also had the actor model as b[¥0n90] '
were p.rop'osed when it was not clear that, in orda e
open dxstrfb.uted systems in terms of acto’rs and i to'deﬁne ‘
composeblllty properties, a more structured not'Obtaln i
;i]onent is needed. Despite this, Clara is simi]arl(zn e
that the two languages attempt to be independ o
ating environment by using publically a PR O.f the opey.
LAM MPI and Charm respectivell b micdlexag
y. The concern with Der-
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formance 1Ssucs was present not only in the design of our tool [Turg6) David Turner. An overview of Miranda. ACM SIGPLAN No-

but also in the actor systems + T tices. 21(12):158-166, December 1986
} fosete LENS 57] and THAL (hinord ABCL: An Object-Oriented Concurrent

(Yon90]  Akinori Yonezawa.

(Kim97]. In adfiit?()n, Clara shares with Concurrent Haskell
[PIGE96] and Facile [GMP89] the asynchronous mode of in-

teraction and the semantics clearly stratified into local com-
putation and concurrency layers.

The comparison between Clara and the languages and sys-
tems above deserves further investigation in many respects,
including their performance. We also believe that Clara is

an appropriate basis for studying in the future program anal-
yses and source level optimisations taking advantage of the
simple core language and its well defined semantics.

Acknowledgements

The authors would like to thank Ian Mason for valuable sug-
gestions for improving this paper. Part of this work was
developed while Carlos was at the Department of Comput-
ing and Systems Engineering of IME, Instituto Militar de
Engenharia, Rio de Janeiro. Carolyn was partially sup-

ported by the following research grants: NSF CCR-9900326,
DARPA/NASA NAS2-98073 and ONR N00012-99-C-0198.

REFERENCES

[Agh86]  Gul Agha. Actors: A Model of Concurrent Computation in Dis-
tributed Systems. MIT Press, 1986.

[BDV94] Gregory D. Burns, Raja B. Daoud, and James R. Vaigl. LAM:
An open cluster environment for MPI. In Proc. Supercomput-
ing Symposium’'94, Sth International Conference on High Per-
formance Computing, June 1994. http://www.mpi.nd.edu/lam/.

[DI196] Carlos H. C. Duarte and Roberto Ierusalimschy. On the sys-
tematic development of compilers: A case study. In Peter Frit-
zon, editor, Proc. Poster Session of CC'96 - International Con-
ference on Compiler Construction, number LITH-IDA-R-96-12
in Technical Report Series of Department of Computer and In-
formation Science, Linkoping University, pages 49-56, April
1996. Sweden.

[For97] Message Passing Interface Forum. MPI-2: Extensions to
the Message-Passing Interface. July 1997. http://www.mpi-
forum.org.

[GMP89] Alessandro Giacalone, Prateek Mishra, and Sanjiva Prasad.
Facile: A symmetric integration of concurrent and functional

programming. International Journal of Parallel Programming,
18(2):121-160, April 1989.

[HA92]  Chris Houck and Gul Agha. HAL: A high-level actor language
and its distributed implementation. In Proc. 21th International
Conference on Parallel Processing (ICPP’92), pages 158-165,
August 1992,

[Kim97]  Wooyoung Kim. THAL: An Actor System for Efficient and Scal-
able Concurrent Computing. PhD thesis, University of Illinois

at Urbana-Champaign, 1997,
[MT99]  lan Mason and Carolyn Talcott. Actor languages: Their syntax,
semantics, translation and equivalence. Theoretical Computer

Science, 228(1):277-318, 1999.

[PJGF96] Simon Peyton-Jones, Andrew Gordon, and Sigborn Finne. Con-
current Haskell. In Proc. 23rd ACM Symposium on Principles
of Programming Languages (POPL’96), pages 295-308. ACM
Press, January 1996.

[Tal98] Carolyn Talcott. Composable semantic models for actor theo-
ries. Higher-Order and Symbolic Computation, 11(3):281-343,

1998.

[TKS*89] Chris Tomlinson, Won Kim, Mark Scheevel, Vineet Singh,
Becky Will, and Gul Agha. Rosette: An object oriented con-

current system architecture. ACM SigPLAN Notices, 24:91-93,
April 1989.

System. MIT Press, 1990

APPENDIX

SIMPLIFIED ABSTRACT SYNTAX OF CLARA

Var 9¢f (variables)
Attr 9¢f (attributes)
DeflId 4¢f (definition names)

MsgTag 4¢f (message tags) (- € MsgTag)
Id 9¢f Var U Attr (identifiers)
Const ¢ NU {nil} (constants)

Pat d¢f Id U Const U {self,cust} (patterns)
ArithOp 4ef {+,0,*,/} (arithmetic operators)
BVar 4¢f (Var := Expr) (“bound” variables)
IAttr 9¢f (Attr [: = Const]) ([initialised] attributes)

Conditions and expressions:
Expr 4¢f Pat U (Expr ArithOp Expr) U
(Defld Expr™) U
(new Defld Expr®) U
(call Expr MsgTag Expr”)
Cond 4¢f (Expr == Expr) UCond U
(Cond /\ Cond) U
(Cond \/ Cond)

Commands:
Send 9¢f send Expr MsgTag Expr” [€Expr]
Cmd 4¢f skip USend U

(Attr := Expr)U

(reply Expr)U
(if Cond then Cmd [else Cmd]) U

(begin Cmd* end)

Definitions:

GDef d¢f (Expr [Cond U otherwise])™

MDef d¢f (MsgTag U otherwise) Pat”
[disableby Cond]Cmd™

BDef d¢f behaviour Defld
[attributes IAttr*]
[methods MDef”|
CDef 9¢f component Defld
externals Var”]
receptionists Var”]
actors BVar?*|
messages Send”]

FDef 4¢f function
(Defld (Var U Const)* GDef)™

Def 4¢f FDef U BDef U CDef
Unit 9¢f Def* U (program Defld)




