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Abstract:    Software reverse engineering techniques are applied most often to reconstruct the architecture of a program with 
respect to quality constraints, or non-functional requirements such as maintainability or reusability. In this paper, AOPR, a novel 
actor-oriented program reverse engineering approach, is proposed to reconstruct an object-oriented program architecture based on 
a high performance model such as an actor model. Reconstructing the program architecture based on this model results in the 
concurrent execution of the program invocations and consequently increases the overall performance of the program provided 
enough processors are available. The proposed reverse engineering approach applies a hill climbing clustering algorithm to find 
actors. 
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1  Introduction 
 

One of the most important aspects of the quality 
of software is its performance. Many legacy programs 
can be reengineered to optimize their performance. 
However, existing reengineering techniques are 
dedicated to reconstructing the architecture of a pro-
gram with respect to quality constraints such as 
maintainability or reusability (Mitchell and Spiros, 
1999; Tahvildari et al., 2003; Parsa and Bushehrian, 
2005) and they have not been used to assess the ar-
chitecture of a program from a performance view-
point. All current architectural level performance 
engineering techniques are focused on performance 
assessment in the early stages of the software devel-
opment life cycle (Hyunsang et al., 2007; Joao et al., 
2007; Robert and Hassan, 2007). However, the im-
plemented software still may not meet its perform-
ance provisions and may need to be optimized to 
improve performance. In this paper, AOPR, a novel 
actor-oriented program reverse engineering approach 
is presented to reconstruct an object-oriented program 
architecture based on a high performance model such 
as the actor model (Agha and Thati, 2004). According 
to this model, actors interact asynchronously while all 

communications inside an actor are performed syn-
chronously. Therefore, reconstructing the program 
architecture based on this model results in the con-
current execution of the program invocations and 
consequently increases the overall performance of the 
program when enough processors are available. The 
question is how to automatically produce actors from 
the program source such that the highest amount of 
concurrency is obtained in the execution of the actors 
over a cluster or multiprocessor. This research an-
swers two basic questions: first, how can a sequential 
object oriented program be partitioned into concur-
rent parts (each called an actor) such that by deploy-
ing those parts over cluster nodes the overall program 
performance is increased? Second, how can program 
statements be reordered such that more concurrency 
is achieved while preserving the sequential semantics? 
A major difficulty is that sequential programmers are 
used to apply the results of any method call immedi-
ately. Therefore, there is no opportunity for concur-
rency when translating ordinary method calls into 
asynchronous calls among actors. To resolve this 
difficulty, for the first time, we have applied the ideas 
of instruction scheduling to increase the distance 
between each inter-actor call instruction and the very 
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first instructions applying the call results (Maani and 
Parsa, 2007). Our algorithm attempts to insert as 
many instructions as possible between an asynchro-
nous remote invocation and its first data-dependent 
statement, considering the data dependencies between 
the statements. In addition to instruction scheduling, 
suitable partitioning of a program can result in higher 
concurrency. The objective of most partitioning 
techniques used in reverse engineering of distributed 
programs has been to minimize the communication 
cost and enhance performance in terms of speedup 
(Gourhant et al., 1992; Deb et al., 2006). However, as 
shown in this paper, in addition to minimizing the 
communication cost, the amount of concurrency in 
execution of the actors needs to be considered as an 
objective of the partitioning. To this end, in this paper, 
a new performance evaluation function is presented 
which is used to evaluate each partitioning of the 
program classes. The partitioning, p, that minimizes 
this function is selected and each partition in p is 
assumed as an actor. 

The main contribution of this paper to the ex-
isting literature is two-fold. First, it provides a new 
performance evaluation function, extracted auto-
matically from a program call flow graph, to evaluate 
the performance of any partitioning of the program. 
This function is applied as the objective function in a 
hill climbing partitioning algorithm to find a near- 
optimal partitioning of the program from the per-
formance viewpoint. Second, it presents a new opti-
mization technique that uses instruction reordering to 
enhance the concurrency in the execution of asyn-
chronous method calls among actors by increasing the 
distance between each call instruction and the very 
first instruction applying the call results. 
 
 
2  Related studies 
 

Current research in software performance engi-
neering (SPE) is dedicated to estimating the per-
formance of software in the early stages of the de-
velopment process because of the need for quality of 
service (QoS). To achieve this goal, several studies 
have been carried out to transform software archi-
tectural models into analyzable formal models. Ex-
amples include deriving queuing network models 
from unified modeling language (UML) diagrams 

(Hyunsang et al., 2007) or translating some of the 
UML diagrams to Perti Nets (Joao et al., 2007; Robert 
and Hassan, 2007). Andolfi et al. (2000) proposed 
constructing and analyzing two kinds of performance 
models: a software execution model and a system 
execution model. The former represents the software 
execution behavior and is modeled by execution 
graphs, and the latter is based on queuing network 
models, which represent the computer system plat-
form, including hardware and software components. 
The software and system execution models are ap-
plied to assess the performance of the intended soft-
ware architecture. Some related research has also 
been carried out in the area of performance optimi-
zation of existing programs. In a mixed dynamic and 
programmer-driven approach to optimize the per-
formance of large-scale object-oriented distributed 
systems, Gourhant et al. (1992) proposed an object- 
partitioning method dynamically invoked at runtime 
to collocate objects that communicate often. Here, the 
partitioning criterion is to gather in the same partition 
objects that communicate often. In a distribution 
strategy for program objects, Deb et al. (2006) pre-
sented an object graph construction algorithm and a 
partitioning policy for program objects based on ob-
ject types. The distribution strategy is to place objects 
communicating most often in the same machine to 
minimize network traffic. However, when partition-
ing a program, in addition to minimizing the com-
munication cost, the amount of concurrency in the 
execution of the distributed partitions needs to be 
maximized. 

Most studies of the automatic partitioning of 
object-oriented programs are dedicated to developing 
a programming model and a partitioning or parallel-
izing compiler. SCOOP (Sobral and Proenca, 1999) is 
a parallel programming model based on object-  
oriented paradigm. The SCOOP methodology allows 
the programmer to specify the number of slaves and 
masters (parallel objects) and a number of parallel 
tasks (method invocations). The SCOOP runtime 
system packs some of the masters and slaves and 
aggregates method invocations to reduce the impact 
of the overhead caused by excess parallelism and 
communication. Mentat (Grimshaw, 1993) uses a 
partitioning compiler and a runtime support in con-
junction with the object-oriented paradigm to produce 
an easy-to-use high-performance system that facilitates 
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hierarchies of parallelism. Mentat accomplishes these 
objectives through two primary components, Mentat 
programming language and the underlying runtime 
system. JavaParty (Philippsen and Zenger, 1997) is a 
minimal extension to Java that facilitates distributed 
programming for cluster computers. A source code 
transformation automatically generates a distributed 
Java program based on remote method invocation 
(RMI). Orca (Bal and Kaashoek, 1993) is a language 
for parallel programming of distributed systems based 
on the shared data-object model. All these models 
perform program partitioning by introducing new 
keywords into the programming languages (such as 
Java). Then, the programmer specifies the partition-
ing he/she thinks is best using these keywords. In 
contrast, AOPR determines the best partitioning by 
applying a heuristic search algorithm. 
 
 
3  Static analysis of the program 
 

As described earlier, all actors interact through 
asynchronous calls while all local invocations within 
an actor are synchronous. There are several difficul-
ties when transforming a program into a set of com-
munication actors. First, the synchronization point for 
each method call within the program needs to be 
determined. The synchronization point of a method 
call is the very first data-dependent statement to that 
call. Second, the optimal partitioning of the program 
needs to be determined. Third, the inter-actor method 
calls need to be transformed into asynchronous calls. 
These problems are addressed in the following  
sections. 

3.1  Synchronization points 

The synchronization point for an asynchronous 
call is defined as the point in the program where the 
first data-dependent instruction on the call statement 
appears. To determine the first statement which is 
data-dependent on a call statement, we have applied 
the data access summaries approach (Chan and Ab-
delrahman, 2004). In this approach, for each method 
m, symbolic access paths are defined. Symbolic ac-
cess paths for a method represent access to three types 
of objects: global objects (which may be used by 
static calls), objects which are formal parameters of m, 
and the object ‘this’ within the method. The symbolic 

access paths of a method are applied to generate the 
data access summary for the method. The data access 
summary for a method m is a set of pairs ($n, <type>) 
where the anchor $n denotes the nth formal parameter 
of m, <type> indicates the type of access, which may 
be ‘read’ or ‘write’, and $0 stands for the object ‘this’. 
For instance, consider the following class declaration: 
 

class A {int a;  
Public void m(B, b, int t) 
{a=b.get(); b.set(t);}} 

 
In the above example, the method m writes to the 

member variable a. This is represented by the pair ($0, 
write) in the data access summary for the method m. 
Before the access type for the first formal parameter, 
b, can be determined, it is necessary to work out the 
data access summary for the method set() of the class 
B. For instance, if the data access summary for the 
method set() includes the pair ($0, write), then the 
statement b.set(t) writes to the object b. This is rep-
resented by the pair ($1, write) in the data access 
summary for the method m. After the data access 
summary for each method within a program is formed, 
it is easy to find the synchronization point for each 
method call because the data access summary for each 
invoked method indicates whether the parameters 
passed to the method are written by it. The synchro-
nization point for a method call, I, is the very first 
position within the caller where any value written to 
by I is used. For example, consider the following 
piece of code: 
 

a.m(b1, t1); //access summaries for m: ($0, write), ($1, write) 
if (condition) { 
… 
b1.n(); //Synchronization point of a.m(b1, t1) 
…} 

 
According to the access summaries for m, the 

invocation a.m(b1, t1) writes to a and b1. The first 
statement which uses a or b1 is the synchronization 
point for the method call a.m(b1, t1). Obviously, data 
access summaries for any static method call do not 
include the pair ($0, <type>).  

Moreover, a method call Ii may write to a global 
resource such as a static variable or an external file. 
The data access summaries for Ii can be extended to 
include some pairs (global_object_name, <type>) to 
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address these kinds of dependencies. These additional 
pairs are used to determine the data-dependent 
statements on Ii and its synchronization point.  

3.2  Transformation of local into asynchronous  
invocations 

After determining the partitioning of a program, 
all inter-actor invocations are transformed into 
asynchronous calls. To translate an ordinary method 
call a.m(p1, p2, …, pn), in an actor Ai, into a corre-
sponding asynchronous call, two approaches have 
been implemented in AOPR. In the first approach, the 
method call is transformed into a remote asynchro-
nous method call supported by JavaSymphony mid-
dleware (Fahringer and Jugravu, 2002). This ap-
proach is used when actors are deployed over a cluster 
for execution and can be applied to every method call 
including static method calls. Another approach is to 
replace a method call with a statement that invokes 
that call inside a separate kernel level thread. To do 
this, a ‘launcher’ class is generated automatically for 
each method call that is detected as an inter-actor call. 
This is performed for both object and static method 
calls. For example, consider the inter-actor method 
calls a.m(p1, p2) and A.n(p1, p2), in which a is an 
object reference of type A, and p1 and p2 are object 
references of types P1 and P2 respectively, and n is a 
static method inside class A. The first call statement is 
replaced with the following statements:  
 

Semaphore sem1=new Semaphore(0); 
l1=new launcher1(a, p1, p2, sem1); 
l1.start(); 

 
In the above code, launcher1 is the launcher 

class corresponding to method call a.m(p1, p2). This 
class extends Java thread and starts this method call in 
the context of a separated thread. sem1 is a semaphore 
object which enables the parent thread to wait for 
results of the method call a.m(p1, p2) at its synchro-
nization point. The constructor of the launcher class 
corresponding to the static method call A.n(p1, p2), 
accepts three parameters: 

 
Semaphore sem2=new Semaphore(0); 
l2=new launcher1(p1, p2, sem2); 
l2.start(); 

 
If a global object is accessed by more than one 

thread, for instance, by means of a static accessor 
method, that accessor method is declared to be  
synchronized. 
 
 
4  AOPR: actor-oriented program reverse 
engineering 
 

The actor model unifies the notion of objects 
with concurrency (Agha and Thati, 2004). Each actor 
operates asynchronously with other actors by sending 
asynchronous messages. In this paper, AOPR is ap-
plied to transform an object-oriented program into a 
set of actors communicating by means of asynchro-
nous method calls. Since some of the blocking invo-
cations among objects in the program are transformed 
into asynchronous calls among actors, the overall 
performance of the program may be increased. The 
idea is to partition the program classes and consider 
each partition as an actor. Therefore, each actor, 
which is a partition of the program classes, contains 
one or more classes communicating synchronously 
(intra calls), while invocations to the objects outside 
this actor (inter calls) must be transformed to asyn-
chronous calls. There are different ways to partition 
program classes to form actors. However, we should 
search for the partitioning with the highest possible 
concurrency resulting from asynchronous calls. To 
achieve this, the amount of concurrency correspond-
ing to each partitioning of the program classes needs 
to be estimated. Therefore, in this paper a function for 
estimating the amount of concurrency among the 
extracted actors is proposed. This function is then 
used by a heuristic hill climbing search algorithm to 
evaluate each possible partitioning in the search space 
and to find the partitioning of the program classes 
with the highest amount of concurrency. Since the 
problem of partitioning is an NP-complete problem, 
heuristic search algorithms such as hill climbing are 
usually used to find the near-optimal solution. The 
main steps in AOPR can be summarized as follows: 

1. Extract a call graph from the program source 
code. 

2. Extract the performance evaluation function 
(PEF) by analyzing the program source code. 

3. Search for a partitioned call graph that mini-
mizes the amount of PEF. This is achieved by using a 
heuristic search algorithm such as hill climbing that 
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uses PEF as its objective function. These steps are 
depicted in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1  Call graph partitioning 

The first step in AOPR, is analyzing the program 
to extract its call graph. The call graph is a model of 
program source code representing the classes and 
invocations among them. For each pair of classes 
such as (A, B) in the program call graph, it should be 
determined whether A and B share the same partition 
or should be placed in different partitions. This deci-
sion is made by the partitioning algorithm. This al-
gorithm evaluates each possible partitioning of the 
program call graph using a PEF. Eventually, the par-
titioning which minimizes this function is selected. 
Searching among all possible partitioning of a call 
graph is an NP-complete problem. Therefore in this 
paper a hill climbing algorithm is applied to find the 
near-optimal solution using PEF as its search objec-
tive function. The partitioning selected by the hill 
climbing algorithm represents the internal structure 
and external communications of extracted actors. All 
the classes inside an actor communicate via syn-
chronous method calls while all the invocations 
among classes belonging to different actors are 
transformed into asynchronous calls. 

4.2  Hill climbing objective function 

The PEF is built automatically while traversing a 
program call flow graph. A call flow graph represents 
the flow of method calls among program classes. In 
this graph, nodes represent method bodies and edges 

represent invocation among methods. The PEF is 
built by considering the estimated execution time of 
all instructions within the program code, including the 
invocations. Because the type of invocation (syn-
chronous or asynchronous) affects the overall execu-
tion time of the program and is not determined until 
the program is partitioned, the PEF is built as a gen-
eral function including both invocation types for each 
method call. The hill climbing search algorithm then 
applies the PEF when evaluating the performance for 
each partitioning of the program call graph and selects 
the partitioning which minimizes the PEF. For in-
stance, consider a method invocation I1 that performs 
another invocation I2 during its execution. The esti-
mated execution time of I1, denoted by TI1, for both 
the synchronous and asynchronous types of I2, is 
shown by  

 

in
1 0 2

out
1 0 2

,
,

I I

I

T T T
T T s S
⎧ = +⎪
⎨

= + +⎪⎩
                       (1) 

2 2 2max( 2 ,  0).IS T O d= + −                (2) 
 
In the above equations, 1IT  and 2IT  are the es-

timated execution time of I1 and I2 respectively. in
1IT  

denotes the estimated execution time of I1 when I2 is 
an invocation to an object inside the current partition 
(the caller and called objects share the same partition), 
and therefore I2 is performed synchronously. out

1IT  
denotes the estimated execution time of I1 when I2 is 
an invocation to an object outside the current partition 
(the caller and called objects reside in different parti-
tions) and therefore I2 is performed asynchronously. 
Assuming that the target of the invocation I1 is 
method m, T0 is the total execution time of all the 
instructions excluding I2 within m. When an invoca-
tion such as I2 is performed asynchronously, the caller 
should wait for the results of I2 at some synchroniza-
tion point during its execution. In Eq. (2), S2 denotes 
the amount of required time at the synchronization 
point of I2 to receive the results of method call I2. 
Parameter O in Eq. (2) denotes the incurred commu-
nication overhead between the caller and the receiver 
when I2 is performed asynchronously. Parameter s 
denotes the amount of time required for initiating the 
asynchronous call. 

Eqs. (1) and (2) can be combined as a single 
equation as follows: 

Fig. 1  AOPR steps: the PEF function evaluates each 
possible partitioning p of the program and finds the par-
titioning with the best performance 

Actor 2

3. Finding actors 
using a partitioning 
algorithm 

Actor 3

Actor 1 

Synchronous call  
Asyncronous call 

2. Extracting PEF

Class A { } 
Class B { } 
Class C { } 

… 

1. Extracting call 
graph 

PEF(p)=… 
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I
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−⎧
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In Eq. (3), a1 is a Boolean variable whose value 

is either 0 or 1 depending on whether I2 is invoked 
asynchronously or synchronously. There may be 
several invocations, Ii, within method m and each 
invocation itself may include other invocations. De-
pending on the partitioning p of the program call 
graph, each invocation can be either synchronous or 
asynchronous. Therefore, Eq. (3) for estimating the 
execution time of I1 can be generalized as follows: 

 

0( ) ( ) (1 )( ),I i Ii i iT p T a T p a s S= + + − +∑ ∑      (4) 

 max(( ( ) 2 ) ,  0).i Ii i iS T p O d= + −               (5) 
 
In the above equation, Si denotes the time 

elapsed to wait for the results of the invocation Ii, di 
denotes the estimated execution time of the program 
statements located between each call statement, Ii, 
and the first locations where the results of the call are 
required (the synchronization point of Ii), Oi denotes 
the communication overhead for sending the pa-
rameters and receiving the return values of Ii. The 
values of the parameters ai in Eq. (4) are determined 
considering the partitioning p. If within partitioning p, 
Ii is an invocation between objects sharing the same 
partition, the value of ai is set to 1; otherwise, ai will 
be 0. Finally, TI(p) denotes the estimated execution 
time of invocation I considering the partitioning p, 
and TIi(p) is the estimated execution time for invoca-
tion Ii called inside I. 

The PEF(p) function that returns the estimated 
execution time for partitioning p of a program is built 
by applying Eqs. (4) and (5) recursively starting from 
the main() method. Assuming that the program call 
flow graph is cycle-free, PEF(p) can always be 
computed recursively. However, there may be cycles 
in the call flow graph, resulting from direct or indirect 
recursive calls. Assuming that Ii is an invocation to a 
method in the cycle (and itself is not in the cycle) and 
the estimated number of recursions is ni then the  
PEFIi(p) should be multiplied by ni and the back edge 
of the recursion should be removed from the call flow 
graph. In this case, Eq. (4) will be modified as  
 

0PEF ( ) PEF ( ) (1 ) ( ).I i i i Ii i i ip T a n m p a k s S= + + − +∑ ∑ (6) 

An invocation Ii or a synchronization point Si 
may be located within a loop statement. Therefore, to 
consider the impact of loop iterations on the time 
estimation, coefficients mi and ki have been added to 
Eq. (6). 

The time estimation in AOPR is pessimistic. It 
means that the elapsed time between an invocation Ii 
and its (first) synchronization point Si, which is de-
noted by di, is calculated for the shortest possible path 
in the program between Ii and Si. The reason is ob-
vious: to decide whether Ii should be asynchronous, 
AOPR should simply compare di with the estimated 
time of Ii plus the amount of overhead for an asyn-
chronous invocation (Eqs. (1)–(6)). Therefore, if we 
overestimate di, the method call Ii may be detected 
wrongly as an inter-actor call by the partitioning al-
gorithm, badly affecting overall performance. 
Therefore, for if-else statements the branch with the 
shorter estimated execution time is considered as 

 
Ii 
If (condition){ 
//estimated execution time of this part is d1 
} 
Else {//estimated execution part of this part is d2 
} 
Si 
… 
 

In the above code, di=min(d1, d2). Fig. 2a shows 
an example of a program code. The code includes 
three invocations, b.m1(), c.m2() and d.m3() which, 
depending on the partitioning, may be either asyn-
chronous or synchronous. The PEF(p) for this pro-
gram starting from the main() method is as follows: 

 
1 1 2 2 2 2 1

1 1 2

PEF( ) PEF ( ) PEF ( ) (1 )( )
(1 )( ) ,

I Ip a p a p a s S T
a s S T

= + + − + +
+ − + +

 

1 3PEF ( ) ,  I p T=  

2 3 3 3 3PEF ( ) PEF ( ) (1 )( ),I Ip a p a s S= + − +

3 4PEF ( ) ,I p T=  

1 1 1 2 2

2 2 1

2 2 2 2 2

3 3 3 3 3

max((PEF ( ) 2 ) ( PEF ( )
(1 )( ) ),  0),

max((PEF ( ) 2 ) 0,  0) PEF ( ) 2 ,
max((PEF ( ) 2 ) 0,  0) PEF ( ) 2 .

I I

I I

I I

S p O a p
a s S T

S p O p O
S p O p O

= + −
+ − + +

= + − = +
= + − = +

 

 
The values of PEF for two different partitionings 

of the program are presented in Fig. 2b and 2c. 
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As discussed earlier, each partitioning of a pro-

gram results in a set of actors communicating via 
asynchronous calls. Obviously, from a performance 
perspective, the best partitioning poptimal is the one that 
minimizes the PEF function. A graph partitioning 
algorithm is used to search for the optimal partition-
ing. The PEF function generated for the program is 
then used as the partitioning objective function. Hill 
Climbing algorithms are widely used to solve graph 
partitioning problems (Mitchell, 2002). Therefore, the 
PEF function can be used as the objective function of 
the Hill Climbing partitioning algorithm which 
should be minimized. The Hill Climbing partitioning 
algorithm is discussed in the subsequent sections. 

4.3  Automatic generation of PEF functions 

The PEF function is built while traversing the 
program call flow graph. A call flow graph represents 
the flow of method calls among the program classes. 
Each node within this graph represents a method body 
and each edge corresponds to an invocation among 
methods. In the case of polymorphic calls, the caller is 

connected to all possible receivers. A pseudo code 
describing the algorithm for generating the PEF 
function is shown as follows: 
 
Algorithm 1    GeneratePEF 
Input: A Java program code. 
Output: PEF function. 
Begin 

Build the program call flow graph (CFG); 
Estimate/Input the number of iterations, n, of cycles in the CFG; 
Annotate all the edges within the cycle with n; 
Remove the cycle back-edge; 
For each node with no outgoing edges in the CFG 

Tag the node as READY; 
While there is a node, N, within the CFG, which is tagged  

READY do 
Let m be the corresponding method name within the program;  
Estimate the execution time, td, of m instructions; 
Set PEFN=toString(td); 

For each invocation Ii in m do 
Let cyclesi be the label of the CFG edge corresponding to Ii; 
Locate the very first position Si where the call results are 

required; 
Let Iteri be the number of loop iterations enclosing Ii; 
Let PEFIi be the PEF function for target node of invocation Ii 

in CFG; 
Let coefi be toString(Iteri)+‘*’+toString(cyclesi); 
Set PEFN=PEFN+‘+’+coefi+‘*ai*’+PEFIi; 

End For 
For each synchronization point Si in m do 

Set d=execution time of instructions between Ii and Si; 
Set di=toString(t); 
For each Ik between Ii and Si do  

di=di+‘+’oefk+‘*ak*’+PEFIk; 
For each Sk between Ii and Si do 

di=di+SynchronizationTimek; 
Set TSi=’max(’+PEFIi+’2Tc-’+di+’, 0)’; 
Let Iteri be the number of loop iterations enclosing Si; 
Let SynchronizationTimei be iteri+‘*(1−ai)*’+TSi; 
Set PEFN=PEFN+‘+’+SynchronizationTimei; 

End For 
Set a node as READY provided that the PEF function for all 

of its children has already been generated; 
End While 

End Algorithm 
 
 
5  Potential degree of parallelism  
 

In the preceding sections, AOPR was described. 
The main idea was to search for the partitioning of 
program classes which results in the highest amount 
of concurrency among actors. Obviously, concur-
rency is achieved by performing some of the method 
invocations among actors asynchronously. However, 
converting an ordinary method call into an  

Fig. 2  A program code and two partitionings of this 
program 
(a) An example of a program code; (b) p1. Asynchronous: I1. 
a1=0, a2=1, a3=1, PEF(p1)=3T+max(O−T, 0); (c) p2. Asyn-
chronous: I2, I3. a1=1, a2=0, a3=0. PEF(p2)=4T+2O. It is 
assumed that T1=T2=T3=T and 2O1=2O2=2O3=O 

A 
I1 

B 

C 

D 

A I1 

I2                   I3 

B 

C 

D 

(b) (c) 

I2                   I3 

Class A { 
public static void main (string [] 
arg) { 
       int r1, r2; 
       B b=new B(); C c=new C(); 
       r1=b.m1();                   //I1 
       r2=c.m2();                   //I2  
       if (r2==−1) {…}           //S2 
       //some computations: T1  
       If (r1>r2) {…}              //S1 
       //some computations: T2 
}} //Class 

Class B { 
… 
public int m1() { 
//some computations: T3 
}} //Class 
Class C { 
public int m2() { 

D d=new D(); 
r3=d.m3();        //I3 
print(r3);   

}} //Class 
Class D { 
public int m3() { 

//some computations: T4 
}} //Class 

(a) 
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asynchronous one poses two kinds of overheads on 
the execution: initiation and communication. Initia-
tion is denoted by s and communication by O in Eqs. 
(4) and (5). Therefore, from a performance perspec-
tive, converting an ordinary call Ii (between two ac-
tors) into an asynchronous call is beneficial only 
when the sum of execution times of program instruc-
tions located between Ii and its synchronization point 
Si, denoted by di in Eq. (5), is greater than s+O. Ob-
viously, the larger the amount of di, the more concur-
rency between the caller and the receiver is obtained.   

However, a major difficulty is that programmers 
usually use the results of any method call Ii immedi-
ately (when di=0). Therefore there will be no oppor-
tunity for concurrency when transforming method 
calls into asynchronous calls. To resolve this difficulty, 
we have applied the ideas of ‘statement reordering’ to 
enhance the potential degree of parallelism of a pro-
gram by increasing the amount of di for each invoca-
tion. The algorithm attempts to insert as many state-
ments as possible between an invocation and its first 
data-dependent statement, considering the data de-
pendencies between the statements. Obviously, the 
reordering should be performed such that the original 
semantic of the program is preserved. To do this 
during the statement reordering, the data and control 
dependency among statements must not be violated. 
Data and control dependency among program state-
ments are represented by an acyclic graph called a 
Task Graph (Zima and Chapman, 1991). The state-
ment reordering is performed such that the depend-
encies represented by the program task graph are not 
violated. The statement reordering technique is ap-
plied on the program source code before performing 
the AOPR steps. 

5.1  Statement reordering 

The statement reordering algorithm is presented 
as a method to enhance the potential degree of paral-
lelism of a program. In this algorithm, program 
statements are classified as follows: 

Call, a method invocation; 
Use, statement which is data dependent on a Call; 
Common, an ordinary statement which is neither a 

Call nor a Use. 
The algorithm comprises two main steps. First, 

the program statements are moved from the original 
code to the reordered code gradually. In this step, Call 

statements are moved to the reordered code first and 
Use statements are moved as late as possible (Algo-
rithm 2). Second, the reordered code resulting from 
the first step is further optimized by reducing the time 
elapsed to wait for the results of Call statements. This 
is achieved by inserting as many statements as pos-
sible between each Call and its corresponding Use. 
 
Algorithm 2    Statement reordering algorithm 
Algorithm Reorder (Task-Graph: DAG) OUT: 
Reordered-Code: List 
Begin 

If there is no Call in Task-Graph which is not moved 
While there is a Common-statement in Task-Graph 

which is not moved 
Select a Common-statement whose predecessors in 

Task-Graph are already moved; 
Append this statement to Reordered-Code; 
Label this instruction as moved; 
End While 
While there is a Use in Task-Graph which is not moved; 
Select a Use whose predecessors in Task-Graph are al-

ready moved;  
Append this instruction to Reordered-Code; 
Label this instruction as moved; 
End While 

Else 
Find a Call C with the longest execution time in Task- 

Graph which is not moved; 
Let New-Task-Graph be a Sub-graph of Task-Graph, in-

cluding Predecessors of C; 
Reorder (New-Task-Graph); 
Append C to Reordered-Code; 
Label C as moved; 
Reorder (Task-Graph); 

End If 
End 
 

In the first step, Call statements of longer execu-
tion time are moved to the reordered code first be-
cause the longer the execution time of a Call,the more 
statements should be inserted between that Call and 
the corresponding Use. Obviously, before a statement 
is moved into the reordered code, all of its parent 
statements in the program task graph should be 
moved into the reordered code. In the second step, the 
reordered code resulting from the first step is further 
optimized. To achieve this, the time required to wait 
for the results of Call statements is minimized. This is 
achieved by pushing down Use statements with posi-
tive wait time until their wait time reaches zero. Here, 
Use statements with longer wait time are selected and 
pushed down first. 
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6  Implementation 
 

We have developed a support tool that imple-
ments the AOPR steps. Within this environment, a 
Java source code analyzer implemented using the 
software composition system (COMPOST) (http:// 
www.info.uni-karlsruhe.de/~compost/CurrentCOMP
OST/index.html) library, analyzes the program source 
to extract the call graph and call flow graph and build 
the PEF function. To build the PEF function for a 
program, first the number of clock cycles for each 
statement in the program is determined, according to 
the Java optimized processor (JOP) microinstruction 
definition (Schoeberl, 2006), and saved in an exten-
sible markup language (XML) document. JOP is an 
implementation of Java virtual machine in hardware. 
Our tool also inputs the loop bounds in the program as 
they are needed during the PEF generation. The gen-
erated XML document is applied by a statement re-
ordering engine to maximize the distances between 
each call statement and its very first data-dependent 
statement. The reordered program and the XML 
document are input to a separate module to produce 
the PEF function. The resultant PEF function is ap-
plied as an objective function of a hill climbing par-
titioning algorithm to find a near-optimal partitioning 
for the program. The partitioning algorithm uses PEF 
as an arithmetic function. AOPR applies the algo-
rithm presented in this paper to generate the function 
from the program call flow graph. The programmer 
then copies and pastes the generated PEF in the 
source of the hill climbing partitioning algorithm and 
recompiles it. For brevity, some implementation de-
tails have not been included here. For example, PEF is 
first generated as a function but to make this function 
more (re)useable by partitioning algorithms, the 
generated function is enclosed in a fabricated class. 

We have used the Bunch hill climbing algorithm 
(Mitchell and Spiros, 1999; Mitchell, 2002) to parti-
tion the call graph. Here, each partitioning of the call 
graph is represented by a partitioning string. The ith 
place in string p holds the partition number of the ith 
node in the call graph. For instance, consider a call 
graph with 6 nodes (Fig. 3). Since the number of 
partitions in every possible partitioning of this call 
graph cannot exceed 6, each possible partitioning of 
this call graph is represented by a string of six num-
bers, each in the range of 1–6. Fig. 3 shows a sample 

partitioning of this call graph and the corresponding 
string. The hill climbing algorithm starts with a 
population of randomly generated strings P={p1, 
p2, …, pk}. For each string pi in the population, the 
algorithm finds a neighbor partitioning nk of pi such 
that PEF(nk) is less than PEF(pi). Each neighbor par-
titioning of a partitioning pi is obtained by replacing 
one of the partition numbers in pi with another parti-
tion number. In Fig. 3, three neighbors for the parti-
tioning string 1, 1, 2, 2, 1, 3 are depicted. The algo-
rithm then replaces nk with pi in P and iterates with 
new P. The algorithm stops iterating when no more 
replacement is possible. Afterwards, the partitioning r 
in P whose PEF(r) is minimum is selected.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7  Evaluation results 
 

A practical evaluation of the AOPR approach to 
optimize the performance of object-oriented pro-
grams is presented in this section. We used two Java 
case studies: travel sales person (TSP) and consoli-
dated clustering (CC). The first case study evaluated 
the impact of applying the proposed approach on a 
TSP program containing 18 classes and 129 method 
calls. This program finds near-optimal Hamiltonian 
circuit in a graph, using minimum spanning trees. 

The second case study measured the amount of 
speedup achieved by converting a program called 
‘consolidated clustering’ (Mitchell, 2002) into a set of 
actors. Consolidated clustering is a graph clustering 
application written in Java. This program comprises 
16 classes and 23 method calls. In this program, a 
graph is clustered several times using heuristic  

Neighbor: 2, 1, 2, 2, 1, 3 

 1, 1, 2, 2, 1, 3 

Partition2 

Partition3 

1Partition1 
3

1

2
6

4
5

Neighbor: 3, 1, 2, 2, 1, 3 

Neighbor: 4, 1, 2, 2, 1, 3 

Fig. 3  A partitioning of a call graph, the corresponding 
string and three neighbor partitions 

Synchronous call 

Asynchronous  call
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clustering algorithms. The results of each clustering 
are stored in a database for further use. This program 
consolidates the clustering results to obtain a clus-
tering with a specific confidence threshold. The pro-
gram is relatively slow, because it applies heuristic 
algorithms for clustering. The case studies were par-
titioned using the AOPR approach to find actors. Two 
different test beds were chosen to run the actors. The 
first test bed (TB1) was a cluster with 4 single- 
processor Pentium computers running JavaSympho-
ney (Fahringer and Jugravu, 2002) as the cluster 
middleware. The second test bed (TB2) was a multi-
processor computer with four Pentium 2.4 GHz 
processors. In TB1, asynchronous invocations among 
actors were implemented by means of asynchronous 
method calls among cluster nodes supported by 
JavaSymphoney and in TB2 they were implemented 
using Java threads. The parameter passing mecha-
nism in TB1 was implemented using the copy-restore 
technique. Before applying AOPR to the case studies 
to find actors, the values for two parameters Oi and s 
in function PEF (described in Eqs. (4) and (5)) were 
measured in the two test beds. As described earlier, Oi 
denotes the amount of communication overhead for 
passing parameters and receiving results in an asyn-
chronous invocation and s denotes the required time 
for initiating an asynchronous invocation. The 
amount of communication cost over the Pentium 
cluster, associated with our underlying communica-
tion middleware, JavaSymphony, was measured as 
less than 100 ms. To estimate the communication cost 
Oi in terms of JOP clock cycles, the number of clock 
cycles of a sample program was divided by the 
measured execution time of that program. According 
to this estimation, the communication cost was nearly 
107 clock cycles. The amount of communication cost 
in TB2 was negligible and was set to 0. The measured 
amounts of parameter s in both test beds were almost 
the same and were estimated at 104 clock cycles. The 
results of applying AOPR to these two case studies 
are summarized in Table 1. 

 
 
 

 
 
 

 

The measured speedups resulting from executing 
TSP and CC actors on TB1 and TB2 are shown in 
Fig. 4. The actors were produced using three methods: 
(1) applying PEF function, (2) applying MCMC 
function, and (3) applying a trivial method. MCMC 
denotes the traditional reverse engineering criterion: 
minimized coupling and maximized cohesion among 
modules. In the trivial method, all the objects were 
assumed actors and all the invocations in the program 
were transformed into asynchronous calls. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8  Discussion 
 

The speedups were generally higher in TB2 
(Fig. 4) as the amount of communication overhead in 
TB2 was negligible compared with that in TB1. The 
results show that the MCMC criterion is not benefi-
cial when performance improvement is the main ob-
jective of the reverse engineering, because MCMC 
ignores the amount of possible concurrency when 
evaluating a partitioning of a program. MCMC at-
tempts only to gather the most communicating classes 
in a same actor. Assume there are two classes A and B, 
which communicate by a large number of invocations. 
Applying the MCMC criterion, these two classes will 
be assigned to a same module. MCMC neglects the 
fact that the invocations between any two classes such 
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Fig. 4  Results of speedup measurement for (a) travel 
sales person (TSP) and (b) consolidated clustering (CC)

Table 1  Results of applying AOPR to two case studies
Number of  

actors 
Number of  

asynchronous calls Case 
TB1 TB2 TB1 TB2 

TSP 2 4 4 12 
CC 2 6 2 9 
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as A and B may have the possibility of concurrent 
execution. Even the trivial method (TM) works better 
than MCMC on TB2 as all invocations including 
those with a potential degree of parallelism are per-
formed asynchronously by converting them into Java 
Threads. 
 
 
9  Conclusion 
 

In this paper we have implemented a new actor- 
oriented program reverse engineering approach called 
AOPR, applied to reconstruct the architecture of ex-
isting software based on the actor model. In AOPR, 
first an architectural level performance assessment 
function called PEF is extracted from the program 
source code. This function is then applied to find 
actors using a hill climbing search algorithm. The 
actors communicate via asynchronous invocations. 
We have implemented the AOPR approach and ap-
plied it in two case studies. The resulting actors can 
reside either on a cluster running as separate proc-
esses or on a multiprocessor computer running as Java 
threads. The results of our measurements show that 
AOPR can be applied to improve the performance of 
legacy software. 

This is ongoing research and we are working to 
extend AOPR to consider hardware constraints such 
as the number of computational nodes, the number of 
processors installed on them and network topology 
during the partitioning. 

 
References 
Agha, G., Thati, P., 2004. An algebraic theory of actors and its 

application to a simple object-based language from ob-
ject-orientation to formal methods. LNCS, 2635:26-57.  
[doi:10.1007/b96089] 

Andolfi, F., Aquilani, F., Balsamo, S., Inverardi, P., 2000. 
Deriving Performance Models of Software Architectures 
from Message Sequence Charts. Proc. 2nd Int. Workshop 
on Software and Performance, p.47-57. 

Bal, H.E., Kaashoek, M.F., 1993. Object Distribution in ORCA 
Using Compile-Time and Run-Time Techniques. ACM 
Conf. on Object-Oriented Programming Systems, Lan-
guages and Applications, p.162-177. 

Chan, B., Abdelrahman, T.S., 2004. Runtime support for the 
automatic parallelization of Java programs. J. Super-
comput., 28(1):91-117.  [doi:10.1023/B:SUPE.00000148 
04.20789.21] 

Deb, D., Fuad, M., Oudshoom, M.J., 2006. Towards Auto-
nomic Distribution of Existing Object Oriented Programs. 
IEEE Int. Conf. on Autonomic and Autonomous System, 

p.17-17.  [doi:10.1109/ICAS.2006.61] 
Fahringer, T., Jugravu, A., 2002. JavaSymphony: New Direc-

tives to Control and Synchronize Locality, Parallelism, 
and Load Balancing for Cluster and GRID-Computing. 
Proc. joint ACM-ISCOPE conf. on Java Grande, p.8-17.  
[doi:10.1145/583810.583812] 

Gourhant, Y., Louboutin, S., Cahill, V., Condon, A., Starovic, 
G., Tangney, B., 1992. Dynamic Clustering in an Object- 
Oriented Distributed System. Proc. OLDA-II (Objects in 
Large Distributed Applications), p.17-27. 

Grimshaw, A.S., 1993. Easy-to-use object-oriented parallel 
processing with Mentat. IEEE Trans. Parall. Distr. 
Technol., 26:39-51. 

Hyunsang, Y., Suhyeon, J., Eunseok, L., 2007. Deriving 
Queuing Network Model for UML for Software Per-
formance Prediction. 5th Int. IEEE Conf. on Software 
Engineering Research, Management and Application, 
p.125-131. 

Joao, M., Simon, T., Jense, B.J., Oscar, R., 2007. Designing 
Tool Support for Translating Use Cases and UML 2.0 
Sequence Diagrams into a Colored Petri Net. IEEE Proc. 
16th Int. Workshop on Scenarios and State Machines. 

Maani, R., Parsa, S., 2007. An Algorithm to Improve Paral-
lelism in Distributes Systems Using Asynchronous Calls. 
7th Int. Conf. on Parallel Processing and Applied Math, 
p.312-317. 

Mitchell, B.S., Spiros, M., 1999. Bunch: a Clustering Tool for 
the Recovery and Maintenance of Software System 
Structure. Proc. IEEE Int. Conf. on Software Maintenance, 
p.50-59. 

Mitchell, S., 2002. A Heuristic Search Approach to Solving the 
Software Clustering Problem. PhD Thesis, Drexel Uni-
versity, Philadelphia, USA. 

Parsa, S., Bushehrian, O., 2005. The design and implementa-
tion of a tool for automatic software modularization. J. 
Supercomput., 32(1):71-94.  [doi:10.1007/s11227-005- 
0159-5] 

Philippsen, M., Zenger, M., 1997. JavaParty transparent re-
mote objects in Java. Concurr.: Pract. & Exper., 9(11): 
1225-1242.  [doi:10.1002/(SICI)1096-9128(199711)9:11< 
1225::AID-CPE332>3.0.CO;2-F] 

Robert, G., Hassan, G., 2007. Analyzing Behavior of Concur-
rent Software Designs for Embedded Systems. IEEE Proc. 
10th Int. Symp. on Object and Component-Oriented Real- 
Time Distributed Computing. 

Schoeberl, M., 2006. A Time Predictable Java Processor. Proc. 
Conf. on Design, Automation and Test in Europe, 
p.800-805. 

Sobral, J.L., Proenca, A.J., 1999. Dynamic Grain-Size Adap-
tation on Object-Oriented Parallel Programming the 
SCOOP Approach. Proc. 13th IEEE Int. Symp. on Paral-
lel Processing, p.728-732. 

Tahvildari, L., Kontoglannis, K., Mylopoulos, J., 2003.  
Quality-driven software re-engineering. J. Syst. Software, 
66(3):225-239.  [doi:10.1016/S0164-1212(02)00082-1] 

Zima, H., Chapman, B., 1991. Supercompilers for Parallel and 
Vector Computers (1st Ed.). Addison Wesley, MA, USA. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


