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Abstract. One of the principal aims of distributed programming re-
search is the definition of paradigms which permits the description of
Global Computation, as Cardelli calls them, i.e. computations on a net
of heterogeneous sites. In this context, it seems that code mobility is a
good paradigm for limiting network traffic.

Here we will describe the implementation, in Ada95, of Klaim, a kernel
language that uses code mobility and gives the possibility of coordinating
the activity of processes running on a net.
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1 Introduction

Defining suitable languages for writing global computations (computations ope-
rating on resources distributed on global computers Car96) is one of the aims of
distributed programming research Car95,Car96,CG97,DFP97a,DFP97b,DFP9S8,
GV97,Whi94. In these languages three fundamental aspects must be considered:

1. Network Traffic Minimization;
2. Network Heterogenity;
3. Network Security.

In this paper, the third aspect will not be considered.

Recently, the interest in paradigms which can specify some form of code
mobility has grown thanks to their intrinsic ability in limiting, at least in some
cases, network traffic. For example, a distributed application which elaborates a
large quantity of data (distributed on different physical sites) can be made more
efficient if a paradigm that allows agent ' movement on the sites containing data
is used.

As in Vig98, we divide the distribution models in two classes: Traditional
Distributed Systems (Fig. 1) and Mobile Code Systems (Fig. 2). In a traditional
distributed system, the True Distributed System layer (TDS) hides the physical

! Here we use the term agent to indicate the code that can be moved accross a network.
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Fig. 1. Traditional Distributed System.
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Fig. 2. Mobile Code System.

structure of the network (its sites and connections) from the application layer.
A tipical example of TDS is the mechanism adopted in CORBA OMG95 which
renders an object visible on a net. In a mobile code system, the TDS layer is
replaced by the Computational Environment (CE) layer, which is an abstraction
of sites for the applications.

In this paper Klada, an implementation of Klaim DFP98, will be presented.
Klaim is a kernel coordination language of agent interaction and mobility which
derives from Linda CG89 and Llinda DFP97a, Klaim processes interact via a
“blackboard” communication model. In fact, the data are exchanged by visiting
a multiset of tuples (finite sequences of values and variables). This multiset is
called Tuple Space (TS) and it is distributed on network sites. Processes can be
used as fields of tuples. Language communication primitives select the TS to use
by an explicit notion of locality. Localities are first class objects, as processes are,
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so they can be exchanged in communications. Klaim processes can be composed
by a non-deterministic choice operator and by a parallel operator.

We will provide a compiler which transforms Klada programs to Ada95. Given
a Klada program, the compiler generates :

1. the partitions of the corresponding Ada95 distributed program;

2. a configuration file which when passed to Glade, a tool developed by GNU
organization that implements the directives described in ARM95, permits
the execution of Ada95 programs on (heterogeneus) networks.

The principal features of Klada that require some peculiarities of Ada95 are
those regarding the dynamic characteristics of Klada nets. In particular, imple-
menting the newloc primitive requires the use of remote access type objects
and the introduction of a Name_Manager.

The languages that provide code mobility may be divided in two classes:
strong mobility and weak mobility languages. The first class includes the langu-
ages in which it is possible to move execution threads of control among sites.
An example of a strong mobility language is Telescript Whi94. The languages
in which the remote code execution is obtained by activating a new thread that
is indipendent from the thread that moves the code, belong to the second class.
Klada is a weak mobility language. In the implementation, mobility is obtained
by introducing a Klada interpreter, kvm. Each Ada95 partition implementing CE
of Klada sites is linked to kvm.

The definition and the implementation of Klada are part of a thread of rese-
arch in the field of concurrent and distributed languages. Other models of concur-
rency and distribution have been proposed and implemented. For example we can
indicate Pict PT97, an implementation of (a variant of) the m-calculus descri-
bed in MPW92, 0bliq Car94,Car95, a lexically-scoped untyped interpreted lan-
guage that supports distributed object-oriented computation, FACILE GMPS89,
TLG92 an extention of the ML functional language with communication primiti-
ves. Moreover, Klaim has also a Java implementation defined in BDFP98.

2 Klada

An informal description of the actions of Klaim processes follows:

— in(t)@/: evaluates the tuple ¢ and searches for a matching tuple ¢ in the
TS denoted by locality £. Whenever ¢’ is found, it is removed from the TS
and the its values are assigned to the corresponding variable fields of , then
the operation terminates. If no matching tuple is found, the operation is
suspended until one is available.

— read(¢)@Q¢: similar to in, but after the assignment to the variables of ¢, the
tuple ¢’ is not removed from the TS.

— out(t)@¢: evaluates the tuple ¢ and adds it to the TS located at £. The out
primitive needs no synchronization: it is an asynchronous action.

— eval(P)@/: agent P is executed on the site named ¢. This corresponds to
the remote code evaluation. Like out, eval is asynchronous.
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— newloc(u): creates a “fresh” site that can be accessed via the locality va-
riable u. Also newloc is a non-blocking instruction.

A distinguished logical locality, self, is used by Klaim processes to denote
their execution site.

From this informal description, it can be noted that Klaim specifies two code
mobility mechanisms: the first is the possibility of exchanging processes as data
(in, read /out) and the second one is the remote evaluation of processes (eval).
An important aspect to note is that the localities used by a Klaim process are
logical names: a programmer, therefore, has an abstract view of the net.

Klaim uses both static and dynamic scoping strategies to evaluate the logical
localities of the agents. The agents that occurr in tuples fields are evaluated
with a static scoping discipline, but, for the code moved using eval, a dynamic
scoping is adopted. In particular, a table which maps the logical localities on
physical sites is associated to the CE representing the Klaim sites. When an
agent is moved through tuple spaces, the starting CE constructs a “closure”, i.e.
a couple of code and a (partial) mapping from logical localities to sites. When
the code is executed on a new site and a locality is evaluated, this mapping will
be used before the one of the site CE. On the other hand, for eval, the closure
built by the starting CE has a void mapping and so only the site environment of
the executing site will be searched. Moreover, it must be observed that a Klaim
network may dynamically grow by adding new sites with newloc.

Klada processes may be derived from the grammar in Table 1. In Table 2 we
give the sintax of Klada nets. Types, localities and tuples are specified in Table 3.
The usual boolean, numeric and string expressions are not specified. We can see
that Klada is an extension of Klaim with some constructs typically used in im-
perative programming (if, while, :=). This extension, in any case, does not give
more expressive power because it is possible to prove that Klaim can simulate
the new constructs Tuo98. In Klada, a new choice operator is defined, Fxt_Ch,
similar to the guarded command of CSP Hoa85. Ezt_Ch is used for deriving the
external choices, i.e. the choices that need an external synchronization to be re-
solved. Int_Ch, the K1laim choice operator, is used to choose non-deterministically
among some branches without external conditioning. Moreover, the declaration
constructs of variables and constants are expressed. [h]

We have used the following shorthands:

productions such as A := B | e will be abbreviated to A := [B];
n

—
- [A]* is A...A, where n > 0;
S AT i Al
— id stands for a generic identifier.

Let’s make some considerations on the grammar given in Table 2.

A Net is a set of Nodes that may be preceeded by some definitions of process
constants (used to define recursive processes). A Node is composed by an id (the
name of a network machine), an allocation environment, Env, and the processes
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Table 1. Grammar of Klada processes

Task = Ext_Ch Ext_Ch | Int_Ch
Ext_Ch ::= in( Tuple)QL_exp.Seq | Ext_Ch|

| read(Tuple)QL_exp.Seq|Ext_Ch]
Int_Ch ::= Seq | Seq # Int_Ch
Seq == Com | Com; Seq | call id [(Tuple)] | id’ | nil
Com = eval(Task)QL_exp |out(Tuple)@L,exp
| in(Tuple)@QL_exp | read(Tuple)@QL_exp | newloc(L_exp)
| if Exzp then Task else Task fi | while Ezp do Task od
| id := Ezp | (Task)

Table 2. Sintax of the Klada nets

Net = [define id[[[id : Type;]*]] as Const on] net Node quit
Const ::= NamedProc | NamedProc; Const

NamedProc ::= rec id [(id : Type[;id : Type] *)] declareDec begin Task end

Node = 1id :: { [Env] } ProcDef | Node || Node

Dec ::= const id := Ezp | id[,id] * : Type [:= Exp]

Env w=1id 7 id | Env, Env

ProcDef  ::= declareDec begin Tusk end | ProcDef | ProcDef

allocated on the node. Env, the sintactic category for the allocation environment,
is a list of pairs of id: the first is the (name of) the logical locality and the second
represents the (name of) the physical machine (IP address).

In Table 3, the distinguished locality screen is used to model the data ou-
tput on external devices (for the time being, only the screen) using the same
philosophy of the tuple spaces. A screen may be thought of as a particular kind
of TS, i.e. when we write out(t)@screen, we will be able to printout the data
in the tuple ¢ on the screen.

Table 3. Types, expressions, tuples and localities

Type ::= int | bool | str | location | process
FExp o=
Tuple ::= Exp | L_exp | lid | begin Task end | Tuple, Tuple

L_exp ::= self | id | screen
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3 Klada Semantics: A Programming Example

To clarify the Klada semantics, it’s better to give an example that shows most
of the features of the language. For a formal definition the reader is referred to
DFP98.

We will provide an electronic commerce application. We want to program an
agent that visits the camera shops which are “nearest” to a distance d, searching
for a camera with the lowest price. Camera shops will be modelled by processes
such as the following;:

shop = begin
out(“camera;”, price;)@self; ... ; out(“cameray”, price;)Qself;
end

The MarketPlaceClient in Fig. 3, asks the local server MarketPlace for the
list of camera shops nearest to d (line 5). Once MarketPlaceClient has received
1. rec MarketPlaceClient (Cam: str; RLoc: loc; d: int) declare
2 var ShopList, FirstShop: loc;

3 var NumShop: int

4. begin

5. out(“Shop list”, d)Q@self;
6 in(!ShopList)@self;

7 in(!NumShop)@ShopList;
8 if NumShop = 0

© ¢

then out(Cam, “NO SHOP”, -1)@RLoc
10. else
11. in(!FirstShop)@ShopList;
12. out(NumShop - 1)@ShopList;
13. eval(call ShopAgent (Cam, ShopList, RLoc, 0))@FirstShop
14. fi
15. end

Fig. 3. MarketPlaceClient

the (locality of the) list (line 6), if there is a shop to visit, it remotely evaluates
the ShopAgent by passing to it the camera type, the list of shops, the locality
where the results are to be returned and the current obtained price (lines 7 -

13).
)The server MarketPlace (Fig. 4) has the list of shops with their distances (line

5) and executes an endless loop waiting for a request (lines 6 - 7). To satisfy a
request, MarketPlace creates a new site where the shop list will be allocated (line
8), constructs the list (lines 9 - 15), returns the (locality of the) list to the client
(lines 16) and prints a message on the screen (line 17).

When ShopAgent (Fig. 5) starts its execution on the site of a new shop, it
reads the price of the camera (line 5) and, if the new price is lower than the old
one, it removes the old price from the TS at RLoc and replaces it with the new
price (lines 9 - 15). Then ShopAgent reads the number of shops that must be
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examined (line 17) and, if a shop exists, it updates the number of shops, takes
the address of the next shop and executes a copy of itself on the new shop (lines
21 - 23). The new copy of ShopAgent will continue the search in the remaining
shops.

1. declare

2 varDist, ShopDist, Pos, PosList: int := 0;

3 varShopl.oc, ShopList: loc

4. begin

5. out(1l, “shop.”, d1)@self; - - -; out(h, “shopy”, d)Qself;
6 while true do

7 in(“Shop list”, !Dist)@self;

8

. newloc(ShopList);
9. whilePos < h do
10. read(Pos + 1, !ShopLoc, !ShopDist)@self;
11. if ShopDist < Dist
12. then out(ShopLoc)@ShopList; PosList:= PosList + 1; Pos:= Pos + 1
13. elsePos:= Pos + 1
14. fi
15. od;
16. out(PosList)@ShopList; out(ShopList)@self;
17. out(“List builded...”)@screen
18. od;

19. end

Fig. 4. MarketPlace

4 Ada95 Distribution Model and Glade

The Ada95 distribution model ARM95 (Annex E) defines the partition, the prin-
cipal distribution unit, as a set of structures and/or algorithms which can be
allocated on the nodes of a net. A partition can be considered the union of
two logical components. The first component implements the algorithms for the
application that one wants to obtain. The second component defines the commu-
nication interfaces to/from the other partitions. In the algorithm implementa-
tion phase, an Ada95 programmer must satisfy only some constraints required by
the language distribution model. Problems concerning partition distribution and
communications are application-independent, so they may be faced in a sepa-
rate phase. During the application developement, there is no need for hypotheses
about the architecture on which the program will be executed; the association
node-partitions are established in the configuration phase.

Partition cooperation is based on a Remote Subprogram Call mechanism
enriched by the possibility of dynamic dispatching which, at run-time, permits
the establishment of procedures which are to be executed, according to the values
of some actual parameters.
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1. rec ShopAgent (Cam: str; ShopList: loc; RLoc: loc; Price: int) declare
2. varNewPrice, NumShop: int;

3. varOldShop, NextShop: loc

4. begin

5. read(Cam, |NewPrice)@self;

6. if Price = 0

7. then out(Cam, self, NewPrice)@RLoc
8. else

9. if NewPrice < Price

10. then

11. in(Cam, !0ldShop, !Price)@RLoc;
12. out(Cam, self, NewPrice)@RLoc;
13. Price:= NewPrice

14. elsenil

15. fi

16. fi;

17.  in(!NumShop)@ShopList;
18.  if NumShop =1

19. then out(“go” )@RLoc

20. else

21. out(NumShop - 1)@ShopList;

22. in(!NextShop)@ShopList;

23. eval(call ShopAgent (Cam, ShopList, RLoc, Price)@NextShop
24. fi

25. end

Fig. 5. ShopAgent

The distributed systems annex does not describe how a distributed applica-
tion should be configured. The tool Glade and its configuration language have
been purposely designed to allow to specify the partition definition and the ma-
chines where each partition must be executed. Glade combines the distributed
and object-oriented features of Ada95, it reads a configuration file and builds
several executables, one for each partition. Using Glade it is possible to create
applications where objects are physically distributed over a network of hetero-
geneous machines (without having to interface to any low-level communication
layer), to support different network protocols, and to provide replication and
fault-tolerance.

Therefore, it can be stated that the Ada95 distribution model is a traditio-
nal distributed system, whereas Klaim may be considered an hybrid between
traditional systems and mobile code systems because the application program-
mers have an abstract view of the network and can address network nodes using
logical localities.

The choice of Ada95 to implement Klaim is an attempt to study the “na-
tualness” of programming a support of the mechanisms offered by a mobile code
system by using a traditional distributed system.
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5 Implementation

In this section we will present some of the implementation choices adopted in
order to realize Klada. In particular we will discuss the implementation of code
mobility and newloc primitive. Other aspects, like external choice and the re-
presentation of the tuple spaces, will not be faced here.

5.1 The Compiler

A Xlada program N describes a net on which some processes are (statically)
allocated. For example, the commerce system described in section 3 may be or-
ganized as shown in Fig. 6 (the only agent is ShopAgent). To make the execution

ShopAgent

/\/ Y . m
MarketPlaceClient

define ... net ! % quit
MarketPlace

Fig. 6. The electronic commerce net.

of N more efficient we have developed a compiler that generates, for every node
expressed in N, an Ada95 partition in which the code part corresponds to the
processes allocated on the node. This also permits some static controls such as
ids must be declared before use and can’t have more than one delcaration, all
variables must be initialized before use, no assignament to costants is allowed,
formal and actual parameters in recursive process calls match, etc. Furthermore,
the compiler also performs type checking.

Every partition implementing a node of N is referred by a locally declared
remote access object belonging to the class declared by

type Locality is abstract tagged limited private

these remote access objects may be considered the self counterparts of Klada.
The methods of Locality implement the Klaim primitives that may be referred
by a remote process (in/read, out, eval). For example the code generated by
the compiler to translate in(¢)@Q/ is

( evaluate t );
( get s, the remote access object associated to (the name) ¢ );
dn(s, ..L);

where _in is the method that implements in. Depending on s, the Ada95 run-
time support will execute the _in procedure of the partition where s has been
created (possibly a remote machine). This is the dinamic dispatching mechanism
of Ada95 and it provides remote subprogram calls in which the subprogram is
determined at run-time.

As we shall see in the newloc implementation, these remote access objects
are also used to provide new physical sites to the net.
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5.2 Code Mobility

The most important task of the CEs of a MCS language is the preparation of the
execution environment that an agent needs during its migrations. When the run-
time support of a MCS language has to move an agent from site s; to site so, the
CE of s; will provide the allocation on (CE of) s of the complete environment
the code needed for his execution. For example, if on s; the following code is
running:

A:...; B:...; begin... eval(C)@so; ... end;

and C uses A but not B, then the CE of s; must construct, on (the CE of the)
site s9, an environment in which the value of A is specified and B may not be
defined or have a different definition.

Ada95 has no support for the code mobility. For this reason we are compelled
to define an encoding of the mobile agents and a corresponding interpreter for
such an encoding (i.e. the Klada CEs need an interpreter to execute agents).

In our implementation, an agent has the following representation:

type Agent_Type is record
Code : Code_type;
Env : Environment_Type;
Mem : Memory_Type;
end record

When the compiler detects an agent A (code appearing in a field of a tuple or
in an eval instruction), it generates a closure, a representation of A (its parse
tree) and the environment for the evaluation of the logical localities referred by
A (if it is moved with eval, the environment part will be void). Furthermore,
the compiler also attaches a “memory” (a private address space) to the closure
in which the agent can store and retrive the values of its variables.

The implementation of code migration is obtained by making a remote call to
kvm, the Klada interpreter, and by passing it an object, A, of type Agent_Type.
By visiting the tree A.Code and using A.Env and A.Mem, kvm is able to execute
the agent represented by A. Therefore, kvm also may be thought of as a method
of the class Locality.

5.3 Dinamic Site Creation

A new (physical) site may be added to a preexisting network executing a void_site
command from an operating system shell. The void_site command executes an
Ada95 partition that simply generates its site-address (by allocating a new re-
mote access object), sends it to the Name_Manager and waits for a partition
that uses the new site.

The Name_Manager handles L, the list of new added sites that can be given
to the newloc invocation it receives (Fig. 7). It must be said, however, that if
L is void, Name_Manager will create a new “virtual” site on the caller machine.
This behaviour is due to the non-blocking semantics of the newloc operation
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newloc
d . new remote ‘/_\
>void_site access object
—_— -
Name_Manager
~ < _ -

new remote
access object

Fig. 7. Creating new sites.

Referring to Fig. 7, once Site; has received the new site-address, it may, for ex-
ample, use the new tuple space and its underlying machine for tuple exchanging
of remote code evaluations respectively.

The tool we use to distribute the Ada95 programs on a network is Glade.
The compiler creates an Ada95 partition for every Klada site. Furthermore, a
configuration file for Glade is generated. According to this configuration file,
Glade will compile and distribute the partitions on the phisycal sites specified.

6 Conclusions

We have introduced some aspects of an Ada95 implementation of Klada, a co-
ordination language with code mobility. The purpose of this implementation is
to study the “naturalness” that TDS models, like the Ada95 distribution model,
have when they are used to realize MCS. What we can say is that Ada95 was
quite suitable for the realization of all the features of Klada, but the lack of any
support for code mobility compels us to provide an interpreter of Klada agents.
Furthermore, the Ada95 distribution model and Glade allow us to concentrate
on the implementation of Klaim primitives, without worring about the commu-
nications among different partitions, therefore avoiding low level programming.
Some improvements, that in this first release have been neglected, may be in-
troduced. In this connection, it is possible to add a new functionality to the
Name_Manager: when a site S asks for a new physical site (newloc), if there
are no available machines, Name_Manager allocates on Mg, the machine of S,
a new site. In this manner, if the processes on S execute newloc many times,
Mg would be overloaded. We can modify Name_Manager to take account of the
network load and select the less used machine. In such a way Name_Manager
can distribute the load on the whole network.

Klaim and its implementations (Klada and X-Klaim BDFP98) have been
proposed for the study of the usefulness of code mobility at the application level.
However, some work must be done to provide a true programming language; for
example, new types or tools like a debugger or sintax driven editors may be
implemented. From this point of view, an interesting direction is the definition
of an Ada95 library that simply implements the Klaim primitives and can be used
in Ada95 programs. In this way it would be possible to write large distributed
applications in Ada95 that use code mobility as programming paradigms.
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