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The notion of concurrent or distributed systems has a different meaning when it is
referred by the different people. Further confusion arises when we face a large variety of
multiprocessor and network architectures. In the paper, we will consider distributed com-
puting as a paradigm that allows objects to be distributed over a heterogeneous network. An
object can be specified by a set of offered services (via methods provided by an object) and
a set of services requested from other objects. A communication between these objects is
supported by many standards such as CORBA [20], DCOM [18], ANSA [1] and allows one
to create communication channels between the components, even created by different pro-
gramming teams. Having a compre-hensive infrastructure on hand, we can concentrate on
flexibility evolving architectures and dynamic distri-buted object creation. UML [21] sim-
plifies distributed system description by introducing use case model and diagrammatic tools
for the visualization of specified parts of a system. Graph transformations are increasingly
popular as a meta-language to specify and implement visual techniques based on the UML
[22, 23]. The algebraic approach (based on the graph morphism) [4] can be used  to intro-
duce visual languages definition [3],  model concurrency [2] and to specify the distributed
system semantics [9].

The paper focuses on constructions a system that support an allocation of parallel
object-oriented applications onto a target hardware architecture.  The aim of the paper is an
introduction: the formal description of such a system and the way of its dynamic transfor-
mation. The use for this purpose of graph transformation is not new but the presented for-
malism is the one that meets the following assumptions:

- ��	��	����(&	�./#����"�	��	��'"�	�	/#�0'��	��	�''�������	����#�'�

- ��	��	����������'�	�������"�	1�2�2	���	��'"��	���0�#�&�/�		/�#���(	��%	%�#�"�����	/#�0'��

*��&	/�'������'	����	���/'�.���3�
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- ��	����#�	�&�	�0�'���	��	��'���	#�������	��	�&�	�.��#��'	�"����	1(���#���%	0�	�&�	%���#�0�%

������	 ��"�#������3�

- ��	��//�#��	%���#�0�����	��	(#�/&	%���#�0��(	�&�	������	��%	���	�#�����#������	��	�	/�#�'4

'�'	*��2

�&�	���/�#�����	��	�&��	*�#)	*��	���	��	5,6	(#�/&	��	(#����#�	17�8,1)3	9
:3�	 �&��

��'"��	 ���0�#�&�/	 ��%	 /�#���(	 /#�0'���	 *��&	 �1�2) computational complexity. In sec-
tion 2, we introduce aedNLC graph grammar (equivalent to ETPL(1)) that is able to de-
scribe both software and hardware structure of the specified system. The reaction of the
graph transformation system on the external request generated by the environment of the
specified system is (in section 3) by a finite state automata called Derivation Control Dia-
gram. Finally the way of distribution of the allocation graph and the way of its parallel
transformation is presented (in section 4).  Section 5 outlines the related works and future
directions of our research .
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In [15], it was shown that the attributed graph is an intuitive and enough powerful
mechanism for describing the current allocation state of a distributed system. The attributed
and edge-labeled directed Node Label Controlled (aedNLC) graph grammar can also main-
tain a set of local graphs and coordinate their parallel modification in such a way that they
describe a (distributed) state of the allocated system. Before introducing a parallel deriva-
tion model, some basic assumptions of the centralized allocation system should be re-
viewed.

The interpretation of the system model is as follows: each component of the distributed
system is represented by one of the graph’s nodes1) . Node labels describe the types of those
components (“N” – computing nodes and “M” – object instances representing both process-
es and synchronizing them monitors); additionally, there are introduced nodes labelled by
“E” and “I” defining the offered and required services.

The relations between individual components are defined by means of directed edges
connecting the appropriate graph nodes. The edge label designates a type of relation be-
tween system components. We make use of the directed graph since we assume that these
relations may be asymmetric. If a more detailed definition of nodes or edges is required, an
adequate attribute set may be ascribed to the labels. Attributed labels keep both a structural
information (basic label) and some private information associated with the given compo-
nent (attributes). Attributes inside label are represented by a partial function from a set

1) The term “node” used in this paper is equivalent to the “graph node”, while “computing node”
always refers to as a computer.
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of attribute names to a set of attribute values. For attributed node labels (and appropriately
for attributed edge labels), we can introduce the equivalence relation� �μ�f�◊�ν�f�⇔μ�ν�
��	
	�μ,ν� �
	� ��
��� ���	�
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underlined basic label�μ����	��μ��
	�
	
	��
��������
����	�����	���	�������������μ����◊�	������
�	��	����

�� ������������μ��
	��
�
���
������	��μ���!	��Σ, Γ��	�����
���������
	��������
����	�
���	����	�
�������
	�����	��	����	�
����	����	��
�����
��	���	���
�������
"

����������	
��

#�� attributed� ��
	��	�� ���	�� ���� 	��	����	��	�� �
�����EDG� �
����� ��	
�Σ� ����Γ� �

����������	�������	
��
�Σ, Γ
�δ�����	
	

$ % �
� ��	� �����	�� ����	&���� 
	�� ��� �
���� ���	
�� ��������� �����	� �����	
� �
	

�
�
��	���'�	��
�	
������	������	
�
	���	���	
���	��
�	
��������$�

� % �
���	�
	�����	��	
������	���
&�����μ�������	
	������∈ 	�����μ ∈ Γ�
Σ % �
���	�
	��������
����	�����	����	�
�

Γ % �
���	�
	��������
����	��	��	����	�
�

δ"�$→Γ % �
���	����	����	��������������	�

 �
������	���
���������
���&���	��
�������	��	���	���
�	��
���	�	δ���
	
�	����	���
In order to achieve polynomial complexity of graph parsing a graph nodes have to be

indexed in an unambiguous manner and it is necessary to introduce some limitation on
EDG-graph structure [6, 8]. The strongest of these limitations is the rule, which accepts
only edges leading from a node with a smaller index to a node with a greater one, because
there is no relationship between the order of component allocation and the direction of the
edges; on the contrary: edge direction depends on the labels of nodes, which are connected
by them. To solve the above conflict, for each label x, we introduce an opposite label �x
with the following interpretation: for any nodes 

�� and an attributing function �, the edge
�

��
��,�) is equal semantically to the edge ��
���
��

�.

We introduce the following notation conventions: a label with double negation is iden-
tified with original label (i.e. ����� is equivalent to �), for the attributed label μ,  -μ denotes
the label ��μ
����(
�����
�&&�

���������
�����	���
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�����	���	)��IE
graphs)��Let ξ denotes a set of logic formulas using attributes and labels of
nodes from the	IE
graph �, and������������denotes set of finite subsets of A. We say that
the formula π∈ξ is satisfied in a context of the graph � if π can be evaluated as �
�	 after
ascribing of attributes belonging to graph �.

Definition 2.2

Triple P = (L, R, C), where:
L = (VL, DL, Σ, Γ, δL) is an IE-graph called left-hand side of production, with pointed

node vL ,
R = (VR, DR, Σ, Γ, δR) is an IE-graph called right-hand side of production,
C: ��×{in, out}×VL×finset(��×(��×ξ)×��×{in,out}) is an embedding transforma-

tion
is said to be a production applied to the node 
 of the ��-graph �.�
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For any ��-graph � and any node 
 we can apply production P if there exists the ho-
momorphism h:L→K, where K is a subgraph of �, such that  h(
�) =� 
 and ���∈ VL

δ(�)) = (δ(h(�))) and ���∈ K ∃��∈ L: h(�) =��.
Graph K is replaced by graph R according to the embedding transformation, which

defines how edges connecting graph K with the rest of graph � should be replaced by edges
coming from and to graph R. A new edge is generated only if formula π ∈ ξ is satisfied in
a context of the graph �. All the formulas introduced in the paper use only attributes of the
node 
� and  nodes which are directly connected with ��� �called a direct environment of
v (���	�
�)), �
����	�������	�	������	����������	���&�	
����
�	�
.

For production P = (L, R, �), equivalence �((γ, in, 
) = {(Q,(X,π),μ,in)}means

New graph �=(VH,DH,Σ,Γ,δH) created by applying the production P=(L, R, �), with
homomorphism h in the node 
 of the  �=(VG,DG,Σ,Γ,δ) graph is defined as follows:

VH = (VG - h(VL)) ∪ VR,

DH = (DG - { ( ,μ,�)∈DG: �∈h(VL) ∨  ∈h(VL)}) ∪ DR

∪ {( ,μ,�): ∃γ∈Γ,∃!∈h(VL),∃d∈=������>	 1?�1@�π3�μ,in)∈�(γ,d,!) ∧
π1 ,�)=�"�� ∧ δ( )=X ∧ �∈VR∧ δ(�)=Q)}

∪ {(�,μ, ): ∃γ∈Γ,∃!∈h(VL),∃d∈=������>	 1?�1@�π3�μ,out)∈�(γ,d,!) ∧
π1 ,�)=�"�� ∧ δ( )=X ∧ �∈VR: δ(�)=Q)},

δH = (δG - { (h(
), δ(h(
))): 
∈h(VL)}) ∪ δR.

Homomorphism ought to be unambiguously defined, so in the paper we assume that if
a graph of the left-hand-side of the considered production consists of a single node vL only,
then the homomorphism h is defined as unique homomorphism from the node vL to the
node v (for which production is applied).

Notation: 

�((γ, in, v))={ 

( .........) 

 

 

(Q, ......) 

(Q,(X, π) ...) 

 

(Q, (X, π),μ,.. ) 

(Q, (X, π),μ, in) }  

Informal interpretation:  

Every edge λ labeled by “γ” and coming 
into node h(v) in graph G(v) (v and h(v) 
have the same labeling) ought to be 
replaced by the edge connecting the node 
w of the graph of the righ–hand side of the 
production and labeled by “Q” with the 
node p of the rest graph and labeled by 
“X” on condition that formula π is fulfilled 
(for the nodes belonging to this edge). 

New edge ought to be labeled by “μ” and 
is coming into node w. 

Formally: 

 

Every edge (p,λ,h(v))∈DG 

such that lab(λ)=γ ∧ p∈ VG-VK  

is replaced by the edge (p,μ,w) 
such that 

w∈VR: δ(w)=Q  

(δ(p)=X) and π is fulfiled 
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Definition 2.3

A context dependent graph grammar is a quintuple Ψ = (Σ, Δ, Γ, P, Z), where:

Σ – is the finite, nonempty set of node labels,
Δ⊆Σ – is the set of terminal node labels,

Γ – is the finite, nonempty set of edge labels,
Z – is the initial IE-graph,
P – is the finite set of productions (of the form defined in def. 2.2).�
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Let �� denotes the set of all possible requests, so any finite subset of �� will be called
a requests set. With every user request there will be associated some graph grammar
productions (see def. 2.2), that force a derivation of graph � to graph �. The order of user
request service and used production will be designated by the derivation control dia-
gram (see def. 3.1).

We assume that users of the distributed system will enrich the requests set, on the
other side it will be decreased during interpretation of the derivation control diagram.
Both these actions can be made in parallel.

By analogy, function �#$, called an external request, will represent some action of an
operating system. Let ��� denote the set of all possible external requests, so any finite
subset of ��� will be called an external request set3).

2) It can be also made indirectly by a program requested dynamics allocation of some components.
3) We will not define them in the paper because they are strongly dependent on the operating system

supporting computing node.
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Definition 3.1

A derivation control diagram is a sixtuple  S = (N, I, F, T, Π, Wait), where:

N – is the set of control points,
I⊂N and F ⊂ N are the set of starting control points and the set of final control points
respectively,
T is a set of transitions of the form (k,q,P,SF), where:

k,q∈N are control points (transition occurs between k and q),
P is either a production or ∅ symbol when no production is associated with this
transition,
SF is a semantic action described with the help of three functions:

eval: ��→#, which modifies attributes of the graph # (being right-hand
side graph of the production P) using as the parameters the request attributes.
ρ-: finset(��)→finset(��), which reduces the request set,
ρ+: finset(���)→finset(���), which enriches the external request set;

Π={Πk, k∈N} where Πk: IEASNET×finset(��) → T is a selector that for the graph �
(generated by Ψ graph grammar) and the set of requests ω chooses transition of the
form (k,q,P,SF),
Wait={Waitk, k∈N}, where Waitk: IEASNET×finset(��) → {�"��
�����}  is a synchro-
nizing function which for the graph � (generated by Ψ graph grammar) and the set of
requests ω returns �"�� if it is possible to make the transition or false when graph
transformation should be delayed until either J or ω will change, so that Waitk  returns
�"�����

Starting control points (k∈I) are always active. When synchronizing function Waitk
inside an active control point returns  true then the transition is fired. If all of these eva-
luations fail (i.e. return false) the next evaluation process delays until some new request
appears (ω’=ω∪{"C)).

The semantics function SF (associated with this transition):

- ��#��&��	�.��#��'	#�C����	���	1#�C������(	����	�������	��	��	�/�#����(	������3�

- #���"��	�#��	*	�&�	#�C�����	�&��	��	��#"���%	�

- �"�'�����	/�#�����#�	��	�&�	#�(&�4&��%	(#�/&	��	�&�	/#�%������	82

Production P is applied to the current graph � and the new graph � is created (see
def. 3.4). When the activity is moved to the next control point, that is neither  a starting nor
a final control point, the next thread of control is created, so it is possible to concurrently
evaluate the next synchronizing function associated with the starting point. When activity is
moved to a final point its thread is deleted. More intuitively, a derivation control diagram
can be interpreted as a graph connecting the control points (see Fig. 1) inside of which there
are evaluated sequentially both the synchronizing function and the selector choosing one
of the transitions from one control point to another one (drawn as an edge). During such
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a transition the production Pi is applied and the semantic action SFi is executed. A graph
build of the node 
, nodes of the derivation control diagram which are directly connected
with 
� and the edges connecting these nodes, is reffered to as a direct environment of
v (���	�
�).

(�� �� �;�#�"�����	(#�/&

Definition 3.2

We say that a derivation control diagram is effectively computable if each selector Πk
and each synchronizing function  Waitk are evaluated:

1. using parameters at most one request �,
2. using at most attributes and graph properties direct environment of the node 
 in graph

���pointed by the attribute�dest_node of the request � (i.e. (RQ(�))(dest_node)(
),
3. every left-hand side graph of the production is the direct environment of the node 
�.�

Definition 3.3

A pair (Ψ,S), where:
Ψ=(Σ, Δ,Γ, P, Z) is a context dependent graph grammar,
S = (N,I,F,T,Π,W) is an effectively computable derivation control diagram
is called an attribute and edge-labelled directed Node Label Controlled graph

grammar (shortly an aedNLC graph grammar).�

Definition 3.4

Graph � = (VH,DH,Σ,Γ,δH) is called directly deriverable from a graph � by applying
a production P in a node 
 with attributes given in a request �, when there exists a control
point k, such that:

a) Waitk(DENV(�,
),{�})=�"��,
b) Πk(DENV(�,
),{�})=(k,q,P,SF),
c) semantic action SF evaluates attributes of the graph R (ie. R=eval(�)), being right-

hand side graph of the production P,
d) a graph � is a result of applying the production P to the node 
 of the graph G. �

We denote such a situation as �=Direct_derivation(P,

�)(�).
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Definition 3.5

Derivation control state in a context dependent graph grammar Ψ with a derivation
diagram S is the quadruple C  = (�, k, U, Y ),  where:

� – is an indexed edge-unambiguous graph (IE-graph from def. 2.3),
k – is an active control point of the derivation diagram S,
U – is a set of user requests (U∈finset(��)),
Y – is a set of external requests (Y∈ finset(���)).�

A modification of a derivation control state in a context dependent graph grammar Ψ
with a derivation S = (N,I,F,T,{Πk}k,{Waitk}k) is described by the operation
TRANSITION((G,k,U,Y)) defined by the algorithm presented on Figure 2 and concurrent-
ly executed operations �))&#$(U) (adds new user requests to U) and ���*���&�#$(Y)
(executes a request from Y and reduces it).

�������	+#��,�+�-�	���������

The “while” loop in the operation +#��,�+�-� is a busy form of waiting4) until
a new user request appears in U (added by �))&#$�operation), for which synchronizing
function Wait equals to �"��.

Definition 3.6

A ��������	
���	
���  in an aedNLC graph grammar (Ψ,S) is a maximal  (in a sense
of a length) sequence of pairs derivation control states S and transitions:

(C0,t0)(C1,t1)......(Ci,ti)............(Cn,tn), where

for Ci = ( �i, ni, Ui, Yi),  ti =(ni, qi, Pi, (evali,ρi,ρ’i)), �0=Ψ.Z for n0=0; for each i there exists
�i∈Ui, such that the atribute dest_node points the node 
i , which fulfils the following prop-
erties:

4 In a real environment it should be substituted by some synchronizing construction.
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1) Waitni(DENV(�i,
i),{�i})=� �"��
2) Πni(DENV(�i,
i),{(�i})=ti

3) qi = ki+1, ρi(Ui)=Ui+1 ,  ρ’i(Yi)=Yi+1,
 ! �i+1= Direct_derivation (Pi,�
i, �i)(Gi).�
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Definition 3.7

A �����������������	
�
	
��	������� in a context dependent graph grammar Ψ with
a derivation diagram S is a set of states C1 to Cm such that:

1) Ci =(Gi, ki, Ui, Yi) is the derivation control state (see def. 3.5), where Gi is an IE graph.
2) there exists a communication protocol, which guarantees, that for any i, j a request

generated by the allocator controlling subgraph Gi, will be served in a finite time by the
allocator controlling subgraph Gj.�

Definition 3.8

A �����������������	
���	
���  in a  aedNLC graph  grammar (Ψ,S) is a maximal
(in a sense of a length) sequence of the parallel derivation control states S and transitions of
the form: (C0,t0)(C1,t1)......(Cj,tj)............(Cn,tn), where each j-th derivation control state
and each j-th transition are of the form Cj=(Cj,1,…,Cj,m) and tj=(tj,1,…,tj,m), and for each
1=p=m (C0,p,t0,p)...(Cj,p,tj,p)....(Cn,p,tn,p) is a derivation process (see Definition 3.6).�
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RQ������	�
�
�which demands to connect a new computing node to the distributed net-
work;

RQ�����	�
)�� which demands to allocate an object instance pointed by pattern parameter
with the name pointed by name parameter in the computing node pointed by node_id
parameter;

RQ��
�
��������, which informs the allocator which service will be associated with the
allocated object instance;

RQ(�
�	�
�	�
), which demands an object instance to be removed from the system;
RQ(�
�	�
��	�
), which  demands the removal of a  computing node.

%��	 ���������	 ��&
����	 �
''���	 (�����	��	%��	)�����	'�������!	 �*�������������	��

���	�������
���	����������	���'�	�*	�	���	����������F

RQ(�����
����), which asks the allocator about possibility of servicing an object request by
the subsystem controlled by this allocator;

RQ(����
���
�), which informs that the service mentioned in the �����
�����request can
be accomplished;

RQ(���
�����
), which confirms agreement made with the help of two previous requests;
RQ(�	��������	�), which informs about the correctness of the local allocation – parameter

�	����
�  is set to true or false, appropriately.

The derivation control diagram designed for both controlling local allocation process
and for synchronizing creation of the distributed allocation graph consists of eight nodes
(numbered from 0 to 7), where 0 is the starting control point and 7 is the final one. Table 1
defines selectors and synchronizing function for these points.
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For the simplicity of notation we assume that inside of all productions:

1. The symbol G is reserved for the current allocation IE -graph modified during a deriva-
tion steep and the symbol ���
 reserved for the node in context of which a production is
applied; each graph L of the left-hand side graphs consists of a single node 
�, so the
homomorphism h is defined as unique homomorphism between 
� and 
.

2. Attributes of the node indexed by 0, called global attributes, are written by capital
letters.

3. A global attribute CN represents the second node (different from h(
�)) of the edge
currently replaced by the embedding transformation (during interpretation of C(γ,out,

�) for the edge (0�
��,γ,�)∈DG attribute CN points node ���



��� �����		
��
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4.  A value of the attribute a in node � is described by aw.
5. A function Allocated_in:V→V, which for any node representing software component

returns the node representing computing node in which it is allocated; correctness of
this function is based on assumption that an object instance can be allocated only
inside one computing node.

6. An operation COPY_REST, which makes the copies of all edges connecting 
 with the
rest of graph G (and as a consequence removed from the derivered graph) and not
mentioned in the embedding transformation with one modification – instead of 
 the
node of the right-hand side production indexed by 1 is placed.

7. A production can be represented graphically

where: ⇒ separates left-hand side graph from right-hand graph, → represents directed
edges, labels are inside nodes and above edges, indices  of nodes are in parentheses.
Now we will introduce seven productions, that allow to create the graph representing

the current allocation state of the controlled distributed system.
The initial allocation IE-graph consists of a single node labelled by “A” (Z from

def. 2.3).

Next we should be able to enrich hardware environment. The production P1 introduces
in the allocation graph G a new node (labeled by N) and associates it (edge labeled with s)
with the node 0 (representing the allocator). The embedding transformation is defined as:

�1 = { ((s,out,�
�), { (A,(N,�"��),s,out), (N,(N,�"��),-n,in), (N,(N,�"��),n,in) }),
  COPY_REST)  }

When we would like to allocate an instance of an object in the computing node NODE
we must apply the production P2 with the  embedding transformation defined as follows:

�2 = { ((s,out,�
�),  {(A,(N,�"��),s,���3�	1��15�π1), -a, in) }),
((ai,out,�
�), {(A,(I,�"��3�������3�	1��	1��π2), -mi, in) }),
((ai,out,�
�), {(A,(VI,�"��3�������3�	1��	1G��π2), -mi, in) }),
COPY_REST)  }, where

π1: NODE = nameCN,
π2: (req_serviveCN, req_typeCN)∈ENV(')⏐##$ ∧  Allocated_in(CN)=NODE)
CN represents a stub to one of the requested services, this stub is allocated in
computing node pointed by NODE.
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��

 Synchronizing function  x 

point    condition  condition inside the selector SF 

 rq = create_allocator  Create new allocator 

 rq = ad_node  P1 – 

 rq = all_man  P2 – 

 rq = find_entry  send(answer_yes 

 rq = acceptance & proper node exists Px3  send(confirmation(true... 

0
 Exists  
 any request  rq 

 rq = acceptance & proper node  
 doesn’t exist 

 send(confirmation   
 (false... 

 For each object’s entry point  P3 – 
– 

 All entry points has been visualized   – – 

 Exists not linked object’s request and  
 some proper stub has been  already  
 allocated 

 P4 – 

 Exists not linked object’s request and   
 proper virtual stub has been already  
 allocated 

 
P4v 

  

 Exists not linked object’s request  
 and none  stub exists  

  

2 – 

 All object’s requests have been linked   

Stub will represent a local object  P5 – 

3 – 
Stub will represent an object 
descriebed by  another allocator 

  –  broadcast( find_entry(....  

rq  can be accepted    –  send( acceptance( ... 

rq can not be accepted and next 
answer is expected 

  4

 Exists  
 any request rq  
 of the answer_yes 
 type 

rq can not be accepted and it is the 
last answer 

  –   

commitedrq = true Px2 – 

5

 Exists  
 any request rq  
 of the   
 confirmation type 

commitedrq = false    – – 
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While allocating an object we must explicitly define the services which it offers. So we
should remember (in the global variable AM) the index of a node representing an alloca-
ted object (generated in the previous production) and for each offered service (i.e
� ei∈ENV('�⏐,#	) we will execute the production P3. The embedding transformation is
defined as:

�3 = { ((am,out,�
�), {(A,(M,�"��)�������3�	17�	1��π3),-b,in) }),
COPY_REST)  },	*&�#�	π3: CN=AM.

For all object requests we ought to link it with some stub representing a remote service
of another object. If such a service already exists, we use the production P4, which has the
following embedding transformation:

�4 = { ( (-mi,in,�
�3�	=1��1��π43�	4��	��3�	1��1�����	π4), -mi, in)}),
COPY_REST },	*&�#�	π4: CN=X

The production P5 which allocates a new stub, has the following embedding transfor-
mation:

�5 = { ( (ae,out,�
�), {(A,(E,�"��3�������3�	1��17�π5), -l, in) }),
((am,out,�
�), {(A,(M,�"���������3�	1��1��π6),c,in) }),
COPY_REST },	*&�#�	π5: CN=X ∧	π6: CN=AM

The last production is not intuitive because the main action (adding the edge between
the allocated object and node of right hand side indexed by (2)) is described by the embed-
ding transformation (with respect of its connection with the node representing an allocator, by an
edge labeled by am, it will be also connected with the node labeled by I indexed by (2)).

When the currently allocated object instance (maintained by the allocator AS ) requests
a service offered by an object instance created by allocator AT, then  the production P6 is
applied to allocation graph maintained by AS (after acceptance of service request) and  the
production P7 is applied to allocation graph maintained by AT (after confirmation(true,…)
service request).

The production P6 which allocates a new stub, has the following embedding transfor-
mation:

�6 = { ( (ae,in,�
�), {(E,(A,�"��),ae, in), (VI, (A,�"��),ai, in)}  }.
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The production P7, which allocates a new stub, has the follo-wing embedding transfor-
mation:

�7 = { ( (ai,in,�
�), {(I,(A,�"��),ai, in), (VE, (A,�"��),ae, in)}  }.

We assume that attributes of virtual nodes VI and EV unambiguously bind them with
nodes E and  I  inside their local allocation graphs, so any modification of VI�E or I�VE
edges can be made in cooperation of the both allocators.
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