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A computer network is a.n interconnected collection of autonomous computen. A 
dli;tributed system consista of a collection oí concu.rrent, autonomous, deocentral.ized a.nd 
loosely coupled components. Linda ÍB a hlgh-level pa~s.llel prognunmi.ng language in­
tended for distributed progrrun.ming .. It consiste of a reduced &et of primitives which can 
be embedded in any sequentia:.! la.ngu&ge to transform it in a pa.Eallel one. This wodr:: 
describes a Linda kernel developed for a 3B Computer Network at ESLAI. 
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1 Introdudion 

A comput~r network [11] is an interconnected colleciíon of aulonomoua computen, usua.lly 
called node11. Two ma.chines are sa.id to be i:nterconnected if they a.re ~ble to exchange 
information. By requiring a computer to be autonomous we mean that it has complete 
control oí its functiomng. 

Computer networks make distributed applications fea.sible. A distributed system consists of 
a, collection of co!lcurrent, autonomous, descentralized a.nd loosely coupled components. 

Very often, network operating systems [12] do not provide high-level interprocess commun.i­
cation facilities. In fa.ct, building distributed a.pplications even if feasible, becomes a hard 
work which requires an expert knowledge of the low-level primitives of the network interface. 

Linda [2,3,4,5,6] is a high-level parallel progra.mming la.nguage intended for distributed pro­
gramming. It consists of a reduced set o:f primitives over a virtual, associative shared memory, 
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called iuple space, which can be embedded in any sequential programming language to trans­
form it in a parallellanguage. 

Linda has sorne interesting features which make it adequate within a computer network 
environment. Firstly, iu a distributed syotem services a.re required by na.me rather than 
by location [10]. Secondly, the operations of Linda can be embedded in any language. Thls 
allows, at least in principie, to implement the different components of a distributed application 
in different programming languages, choosing the more appropriate one for each task. 

This work describes a Linda kernel developed for a 3B Computer Network1 at ESLA1. The 
structure of this paper is as follows. In Section 2, we present the operations of Linda, 
We discuss the generative commUllication model and the programming style supported by 
Linda. In Section 3, we brefly study an operational semantics of Linda. In Section 4, we 
discuss severa! altematives to design a run-time system for Linda in a computex netwod~:o fu 
Section 5, we present the implementation developed. 

2 Linda 

Linda is a reduced set of simple operations intended fo:r distributed and parallel programm.ing 
[2,3,4,5,6j. Línda is based on a tu pie space memory which supports generative commu.cicatiou. 

2.1 Tuple Space 

A tuple space is an a.ssociS~tive memory which storage unit is the tuple. A tuple can be added, 
removed or read using the out, in or rd operations, respectively. Tuples are addressed via W!lj' 

collection of its values. This mechanism is called structure naming. 

Linda has the following primitives: 

" out(t) is s.n asynchronous operation that adds tuple t to the tuple spa.ce. The executing 
process continues immediately. 

" in(s) is a synchronous operation that !.'emoves from the tuple space a tuple t matching 
template ¡¡, li ID!WY tuples match, only one oí them is removed. If there is not an.y 

¡natching tuple, then the executing procegg wa.ih for one to be added to the tuple apace . 

.. rd(s) ís the same as in(e), except that the tuple matching templa.te s is not removed 
from the tuple space, but only read. 

" eval(t) is the mechanism provided to create processea. It adds 1m unevaluated tuple to 
the tuple space and crea.tes a process to evaluate it. Tuples crea.ied by eval are called 
active tuples, and play the role of processes in the genera ti ve communica.tion m o del. 

1 3B il! a irade mark of AT&T. 
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Since the eval operation is quite complex a.nd its semantics is not very clear, we will consider 
only the first three operations. 

2.2 Generative Commtmication 

Ma.ny concurrent processes encompassing a tuple space communicate by adding, removing 
and reading tuples. A process with data to communicate adds a tuple to the tuple space. A 
process requiring the data removes or reads the tuple. This mechanism is called generative 
communication. 

Generative communication supports: 

a. time uncoupling, in the sense that non coeristing processes can communicate vía the tuple 
space {i.e. the tuple space is independent of the processes a.nd always erist ). 

b. space uncouplíng, since any process can rea.d or remove tuples generated by any other 
process. 

In fact, these properties are common to every shared-memory model of communication. 

2.3 Progra.m.ming in Linda 

Linda supports a style of progra.mming based on distributed data structures [6,4], that is 
data st:ructures tha.t can be accessed by many processes in parallel. The control of such a. 
data structure is not cent:ralized in a single procesa, but distributed among all those that lllle 

it. This property is called distributed sharing[2]. 

There are ma.ny examples of distributed data. structurea. For insta.nce, the ba.g of tasks, which 
is the basis ofthe m!l.!lter-worker paradigm ofparallel programming [3,4]. A bag can be easily 
implemented in Linda. as a. collection oí tuples of the form ("bag" ,Ataak). Any process can 
inserta task in the bag executing out("bag",thistask), or remove one from it via in("bag",var 
newta1k). 

Other interesting example is the distributed array. In Linda, an array is a collection of 
tuples of the form ( index, value), and a.n a.dditional .tuple {"length", integer-value) to denote 
the length oí the array. Assuming that the val u es range over the integers, a.n implementation 
of this data atructure is shown in table l. 

This Linda implementation of a distributed array is simpler than the one presented in [13,14]. 
Also notice that the implementation of variable length arrays is straightforward. 
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pro e crea. te( n: intege:r) ¡ 
(* to crea.te an a.rra.y of length n *) 
(* 'any' is a. specia.l value ma.tching a.H types *) 

var i: integer; 
begin 

end 

for i:=l ton do out{i,a.ny); 
out("length" ,n) 

proc put(i,v: integer); 
($ to assign value v to element i, provided ls;i::;n •) 

var j: integer; 
begin 

in(i, va.r j); 
out(i,v) 

end 

proc get(i: integer): integer¡ 
(* to rea.d the value of element i "') 

va.r v: integer; 
begín 

end 

rd(i,var v); 
return v 

proc length(): integer; 
(* to know the length of the arra.y *) 

va.r l:integer; 
begin 

end 

rd("length" ,va.r 1); 
return 1 

Ta.ble 1: Distributed Arra.y 
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3 Operational Semantics of Generative Systems 

A generative system consits of a tuple space and a set of concurrent processes performing in, 
out and rd operations. 

The purpose of this aection ia to describe from an observational point of view, the behavior 
of a generative system. 

3.1 Tuple Space 

Tuples are the ba.sic elements of information within the shared-memory model of genera ti ve 
communication. In the previous section we have defined informa.lly how a template and a 
.tuple match in the tuple space. We will give a formal description of thia operation now. 

Let S = { •r, ... , Bn} be a set oí sorts, e,, the set of constants oí sort ••• e = Ui=l e,, 1 and X 
a set oí variables. 

• 
Deftnition 3.1.1 Thple. 
A tuple Íl defined al t = (t1, ... , tm) where: 
(Yi E {1, ... ,m}) 

i. t; = z: '• z E X A' E S, or 
ii. tt =e: 1 1 e E C,. 

Deftnition 3.1.2 Matching. 
Let t1 = (z1 : 11 1 ••• , Zm : •m) and t2 = (l/1 : 1'1 1 ... , llm : rm) be two tuple1. Then, a predicate 
match{t1,t2) i1 defined a• follow•: 
mateh((z1 : 11 1 ... , Zm : 1m)1 (!11 : 1'1, ... , !lm : l'm}) 

=.ut (m= k) A (Vi E {1, ... , m}: mateh..comp(z; : 1;, y; : r;)) 
mateh..comp(z: 1,y: r) 

=det (• = r) A ((z E C, A y E Cr A z =y) V (z E C, A 11 E X) V (z E X A ll E C.)) 

Deftnition 1.1.3 Thple Space. 
A Thple Space i1 a multi1et of tuple1. We will u1e EB to denote the union of multi1et1. 

3.2 Operational Semantics 

In arder to modelize generative systems, we will define a simple language whose terma de­
note aets oí pa.ra.llel processes performing the operations of Linda. Then, we will define an 
operational semantics for this language by means of a transition relation on terms [1]. 
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3.:!.1 Syntax 

The syntax is as follows: 
A := in(z) 1 out(z) !rd(z) 
E := nill A.E 
p := EIPIIP 

3.2.2 Semantics 

Let q, q', p, p' E P and é, e' be tuple spaces. We define a tra.nsitíon relation _, as fo!lows: 

(1) 

(2) 

(:1) 

(4) 

(5) 

out 
(out(z).p, o)--> (p, e El {a:}) 

match(;¡:,y) 

(in(y).p,e $ {z})~ (p,é) 

match(a:, y) 
rd 

(rd(y).p,o El {a:})---> (p,o e {a:}) 

a ' ' (p, é) ______, (p ' é ) 

(p!!q,c)~ (p'¡¡q,e') 

(q,e)~ (q',o') 

01 ' ' (PIIq,é)--> (P!III ,e) 

FinaJ.l.y, we introduce fairnesn as an axiom. 

4 Design alternatives 

There a.re two imporlant questioru~ tha.t natura.lly arise when we wa:nt to design a Linda 
virtual machíne [2]: 

" How to find the tuples? 

" How to etore them? 

The fust is closely relaied with the criterion adopted to distribute tuple spa.ce; the second is 
related with the choice of required data structu:res to maintain ít. 
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4.1 Distdbuting; the Tuple Space 

Since tuple spa.ce is logically similar to a shared memory, the task of building and main­
ta.ining it over disjoint-memory hardware - like a local network - representa a.n interesting 
implementation problem. 

We should place tuple space completely in one node and direct all generative operations 
to it, but this policy might generate a dangerous "bottleneck", degrading the performance. 
Furthermore, this solution is not conceptually the most adequate if we want te have an 
authentic distributed environment. It seems quite clear that we should distríbute tuple space 
in sorne way over ~eme subset of all nodes. There are severa! forms to distribute the tuple 
space. In general, they consist of partitioning the space ínto small subsets, assigning the 
ma.nagment of each ene to a group of nodes. We wiU brefl.y discuss here only two extreme 
cases, in wrhich single nodes are considered instead of groups. 

4.1.1 1-N distribudon 

One possible choice is the following: when a procesa executes a.n out(t) operation, the Linda 
kernel sends a copy of tuple t to every node in the network. Thua, when a procesa wauts a 
tuple, it only needs te aearch in its node, because tuple space is completelly replicated in ea.ch 
node. But the attempt to delete it (by mea.ns of a.n in operation) implíes the activation of a 
global protocol, because the tuple must be deleted in all nodes [8]. This option is viable with 
good performance only if we .have great memory capa.city a.nd fast communication medium, 
maínly with reliable broa.dcMt. 

The in.verse choice is also possible. The tuple space can be partitioned into ·N small parts, 
each ene assigned to one of the nodes of the network. There are several criteria te partition 
the tuple space: 

'" bylocality, tuples are located where they are p:roduced. The out operation is local, while 
in a.nd rd may cause searching all over the network if the tuple is not locally avaílable. 
Deleting tuples becomes easier [3]. However, this mechanism could produce overloading 
of certaín no des, specially those where out operations are very often performed, if not 
controlled. 

'" by a distrilmtion fv.nction, tuples are located according te the value produced by appli­
cating it a hash function. This mechanism can control overloading [9]. 

In this case, tu pies are not replicated. So, its goal is to make an efficient managment of space. 1 
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5 Implernentation 

In thi$ sectiou we will present the Linda kernel implemenied l'or the 3B c~mputer network at 
ESLAl, consisting of two nodes interconnected via Fthernet. 

5.1 Partitionmg the 'fuple Space 

The available hardware did not have enough memo:ry to adopt the 1-N policy cliscussed in 
Section 4. Thus, we chose the N-1 altemative with a distribution functíon críterion. Vve 
implemented the tup!e space as a great hash table, distributed throughout the network. This 
table was pa:rtitioned in subtables, actual!y implemented as hash tables, one in each nocle. 
On executing an out(t) operatíon, the Linda kernel -will send tuple t to the unique node 
determined by the application of the hash function to t. Something similar occurs when 
tuple s ís desired (by means of an in or rd operation). We mÚst ask for that tuple to the node 
determined by the result of the application of the hash function to a. 

Notice that this last policy makes an efficient use of memory, because information is not 
replicated. Resides, it also mini.mizes communica.tion, because it is neccesary only one step of 
communication for an out operation ru1d two steps for in and rd operatioru (ask and reply). 

5.2 fuples and proces§es management 

The subspace ínstalled in each node is managed by an "endless" process, independent of the 
application. ThiB process waz called "Manager" (table 2). 

Manager is encouraged to assign a particular tuple (generated by an out) to a ternplate 
(generated by an in or rd). The applications' requírements are coded in messages and trans­
mited through the network. Each message includes the operation type, th~ tuple and the 
identifier of the zequesting procees. The message is sended io the node determined by the 
"$pace-partition" function (gee i&ble 3). 

When a procesa executes an in or rd operation, it sends the request by a message and blocb 
waiting for the reply. Each ir~ or rd may or not find a matching tuple. In the first case, 
the manager repliea inmediatelly with the found tupk In the latter, ihe mBnager stores the 
message uniíl a matching tuple arrives" When a new tuple arrives (via. out), the manager 
searchs for delayed matching templates waitíng for tha.t tuple. If no messages containing 
matching templates are found, the tuple is stored in the local space; otherwise the messages 
are replied. This strategy prevents starvation. 
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proc Manager(); 
var te: Thple..space; 
var se, s: set of Mge; 
va.r tl, t2: 'I'dp!e; 
va.r opl, op2: Opr; 
va.r pidl, pid2: Procld; 
loop fc.rever 

re'"eí ve( (pidl ,opl,tl)); 
case opl do 
in: if 3t E te such that match(t,tl) 

then te:=te e t; send((Ma.nager,_,t),pidl); 
else es:=es $ (pidl,opl,tl); 

rd: if 3t E te 11ur.h that match(t,tl) 
then send((Manager,-,t),pidl); 
else es:=es $ (pidl,opl,tl)¡ 

out: 
s:=set of mges in es waiting for tl; 
es:=es es; 

· for (pid2,rd,t2) Es do send((Manager,_,tl),pid2); 
if 3 (pid2,in,t2) E s 
(* there is at most one *) 
then send((Ma.nager,_,tl),pid2); 
else et:=et EB tl; 

end case 
end loop 

end proc 

Table 2: The "Manager" process 
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type Opr = enum in, rd, out ; 
type Mge = record pi: Procid; op: Opr, t: Tuple end; 

in( t ): 
send( (process__id,in,t ),dest(t)); 
receive( (Manager,_,t') ); 
:nstantiate( t,t') 

rd(t): 
send( (process_id,rd,t) ,dest( t) ); 
receive( (Manager,_,t')); 
instantiate( t,t') 

out( t ): 
send( (procesdd,out, t) ,dest( t)) 

Table 3: in, rd and out operations 

5.3 User's interfuce 

A library implementíng the operations of Linda is provided. It can be included in any C 
program. The opera.tions ha.ve a list of parameters. The first element of the list is a string 
defining the type of the tuple. The rest of the !ist contains the tuple. Each element of a tuple 
can be of type string (in.dicated by an "s"), ínteger ("i") or double ("f"). Formal parameters 
(i.e. variables), must be preceded by a symbol "&". For instance, in("sii&i","pepe",l,l,&val), 
corresponds to an invoca.tion of the in operation with a template of length four, which first 
argument is the string "pepe", the second and the third are the ínteger 1, and the last 
component ís a formal argument of type ínteger. The variable "val", must be defined in the 
program performing the operation. 

5.4 InternaJ representation of tuples 

A tuple ís implemented as a structure containing the length of the tuple a.nd an ar:ray of 
components. In fact, the length of the tuples has a maximum. This decision WM adopted in 
arder to be able to transmit tuples in a single Ethernet packet (up to 1500 bytes [11]). 

Each component has three fields: its type, if it is a variable or a val u e, a.nd its value ( which 
is undefined if it is a variable). 
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6 Condusions 

The design of a run time supporl must include not only the tuples but also the processes 
that are communicating via tuple space. Since we did not consider active tuples, we decided 
to exploit the multiprogramming environment provided by UNIX. Thus, we designed the run 
time support in order to let Linda processes be in two coupling levels simultaneously: multiple 
processes running in one no de and multiple no des (in practice just two) communicating via 
Ethernet. Linda permits an uncoupled programming style. Therefore, it is not necessary to 
determine a priori the number of processes that participa te in any application. Whatever is 
the number of them, they can be created at any time and in any of both nodes; there exist 
just hardware lirnitations. 

"Manager" processes are installed at the system "start-up" time. The entire system has been 
implernented in C. For network management we have used the network interface provided by 
the operating system. 

The kernel is totally independent of the number of nades in the network. Nowadays, it is 
working with two nodes, but it has been designed to work in the same way with one node or 
more. It is only necessary to actualize a special system table when the hardware con.figuration 
changes. 

In the implemented scheme, all tuple requirements involve the use of the communication 
channel, even though the process that requires a tuple and the manager of the subtable where 
it is placed are in the same no de. These kind of requests could be avoided if tuple subspaces in 
each nade were shared by their managers and local processes. The main advantage is that in 
this new scheme each manager is only responsible for the adrninistration of externa! requests. 
However, the manager a.nd the local processes must compite for the use of the subspace. 
We believe that this scheme will substantially improve the performance of the applications, 
because of the reduction in the use of the communication bus. This improvement can be 
achieved using the IPC facilities (shared memory, semaphores and messages) of UNIX. 
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A The C code 

We include here the main pa.rts of the implementation. 

/"' nd.h *1 
#inelude <sya/ni.h> 
#includ® <fcntl.h> 

#defin~ MID6CPY(a,b) (a[O]=b[O],\ 
a[1]=b[1], \ 
a[2]=b[2],\ 
a[3] =b [3] '\ 
a[4]=b(l.l], \ 
.. [6] =b [5]) 

#dlllfine NID2CPY(a, b) (~>[0].,b[O], \ 
a(1]=b[1]) 

#defin~ PK_SIZE 260 /~ Packst Length•/ 

#dsf:i'->~ ll!INETPORT "/dev/ni" ¡,. N<>tllork Int®rface driver of 3B •1 

typedef char id_port (6]; ¡,. port id ,.¡ 

typede:f struct { EI_PDRT head; 

char data[MAXETPACKET]; 
} PACI\ ; 

static id_port ELE1U_PORT {Ox69,0x69,0x69,0x69,0x69,0x69} 

static id_port ESLAI PORT {Ox71,0x71,0x71,0x71,0x71,0x71} 

static char APPROT[2] {Ox88,0x88} 

static ahort appro·;; Ox8888; 

8tatic int RdPORT; ¡., il.®ad Port $/ 

atatic int WrPORT¡ ¡, Write Port .,¡ 

¡¡¡t1iJ.tic int ErrPORT; 1* Error cod® for netvork operations .. ; 
atatic id_port MyPORT; 
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1*-------------------------------------------------$/ 
1• MANAGER */ 
#includ0 <stdio.h> 
lincluda "red.h" 
#inelud<i! "men,.aj®s.h" 
linclude "hash.h" 

#define TRUE 1 
#define FALSE O 

extern int errno; 

mainO 
{ 

if (InicET()==-1) { 
printf("ERROR %d InicETO \n",errno); 
<!1Xit(1)¡ 

} 

InicKernelRdPORT(); 
if (ErrPORT) { 

} 

printf("ERROR %d InicbrnelRdPORT() \n",ErrPORT); 
uit(2) ¡ 

InicKernelirPORT(); 
i:f (ErrPO!tT) { 

} 

printf ("ERROR %d InicKerneHirPORT() \n" ,ErrPORT); 
exit(3); 

vhile (TRUE) { 
if (!(m~ReadPORT())) { 

print:f("ERROR %d ReadPORT() \n",ErrPORT); 
nit(4)¡ 

} 

nitch(m->op) { 
case Il : Gin(m); 

break; 

case OUT: Gout(m); 
break; 

case RD : Grd(m); 
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break; 
} 

} 

} 

1• rd() operati:: •1 
Grd(p_mje) 

{ 
rnenaajoo ~p_mjs; 

int h_entry; 
LDT $LDTcte; 
int sscape=FALSE; 
rnensaj~ $m,•ConstMJE(); 

h_entzy = hash(p_mj~); 

LDTcte=ET[h_entry] .lt; 
ahilo ( !escape ~& LDTct~->eig ) { 

LDTcte ~ LDTcte->sig; 
it (watch($(p_mje->t),*(LDTcte->t))) { 

m=ConstMJE(MyPORT,NIL,LDTcte->t); 
Writ~PORT(m,p_mje-~origen)¡ 

fue(m); 
escapo¡ = TRUE; 

} 
} 

if (ucap®) 

Bonar!UE(p_mje); 
alee 

ET[h_antry] .lm.ult~AgregarLDM(ET[h_entry] .lm.ult,p_mje); 
} 

1• in() operation •1 
Gin(p_mj<l) 

men¡¡ajC~ •p_mje; 
{ ... } 

1• out() operation *1 
Gout(p_mje) 

mens!lljeJ "'p_mje¡ 
{ ... } 

1• ----------------------------------------------------•1 
¡, Nataorl!: Ma.nagemen'c */ 
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mensaje •ReadPORT() 
{ 

PACK Pac_In; 
mensaje •PackToKen(); 

ErrPORT • O; 
if (read(RdPORT,lPac_In,PK_SIZE+2)~=-1) { 

ErrPORT = errno; 
return liULL; 

} 

return PackToKen(Pac_In); 
} 

WritePORT(m,nodo) 
mensaje •m; 
char •nodo; 

{ 

PACK •KenToPack(); 

return vrite(WrPORT,KenToPack(m,nodo),PK_SIZE); 
} 

InicKernelRdPORT() 
{ 

} 

lii_PORT vpst; 
int :fd; 
void KernelPORT(); 

ErrPORT = O; 
i:f ((:fd=open(lii!iETPORT,O_RDO!iLY))==-1) 

ErrPORT=errno; 
i:f (ioctl(:fd,liiGETA,lvpst)=•-1) 

ErrPORTaerrno; 
KernelPORT(vpet.e~caddr); 

vpst.rspq_ez ,. 8¡ 
vpst.rcvb_lz = PK_SIZE+2; 
vpst.rcvq_sz a 15; 
vpst.protocol • approt; 
vpst.type = ETHERTYPE; 
i:f (ioctl(:fd,!iiSETA,Ivpst)==-1) 

ErrPORT=errno; 
RdPORT • :fd; 
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InicKarnalWrPORT() 
{ o .. } 

void ProcessPORT(str) 
chax >l<str; 
{ 

} 

register int i,j; 
int id; 
id_port pid; 

sprintf(pid,"%d",getpid())¡ 
str(O] Ox69; 
str [1] = str [4); 

str [2] = str [6] ; 
for(i~etrlen(pid);i<6;i++) 

pid [i] =' 1' ; 
j = 3; 
for(i=O;i<3;i++) { 

} 

sscanf (o!i:pid [2,.i], "%2x" ,.hd); 
str[j++] = id; 

void KernelPORT(~tr) 
char >0111tr; 
{ 

} 

if (str(5] == Ox9d ) 
NID6CPY(str,ELEMA_PORT); 

el se 
NID6CPY(~tr,ESL!I_PORT); 

/>l<-------------------------------------------------------------•1 
1• IN •1 
in(va_alist) 
va_ del 
{ 

mensaje •m,•ConstKJE(),•ReadPort(); 
va_list ap; 
char •GetVsort(),•MyPort(), 

•signatura, 
•str; 

dir d[TUPLAMAI]; 

-:no-



vsorts vsort_cte; 
int i=O; 
int lg; 
tupla *tup; 

tup=(tupla *)malloe(sizeof(tupla)); 
va_start(ap)¡ 
signatur~ ~ va_arg(ap,char *); 

~híl~ (•signatura==' ') ~ignatura++; 
~hila (*signatura !~ '\0') { 

signatura= GetVsort(signatura,tvsort_cte); 
s~itch(vsort_cte) { 

} 

i++; 
} 

tup->lg=i; 

case VALINT: { } 
case VALDBL: { } 
case VALSTR: { } 
case VARINT: { } 
case VARDBL: { } 
case VARSTR: { } 
case V_ERR : return -1; 

rn=ConstMJE(MyPort(),IN,tup); 
if (UritePort(m,DestPort(tup->comp[O] .campo.s))==-1) { 

BorrarMJE(m); 
ro:~turn -1; 

} 

el se 
Boxrad'!JE(m); 

if (!(m=ReadPort())) { 
BorrarMJE(m)¡ 
return -1; 

} 

1* Instantiation of formal paramet®rs *1 
for (i=O;i<m->t->lg;i++) 

svitch(m->t->comp[i].sort) { 
case INT : if (d[i] .fi != NULL) 

*(d[i).fi)~m->t->comp[i] .campo.i; 
break; 

cas<!l DBL if (d[i] .ff != NULL) 
*(d[i] .ff)=m->t->comp[i] .campo.f; 
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} 

case STR 

} 

Born.rMJE(m); 
return O; 

i:f (d [i]. fs ! = NULL) 

strcpy(d[i] .fs,m->t->comp[i] .campo.s); 
break; 
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