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Abstract—The analysis and verification of an AADL model 
usually requires its transformation into the meta-model of this 
model-checker or that schedulability analysis tool. However, 
one challenging problem is to prove that the transformation 
into the target model of computation (MoC) preserves the 
semantics of the original AADL model or at least some of its 
properties. Moreover, the AADL standard lacks a formal 
semantics to make the validation of this translation possible. 
Albeit some of the related works give informal explanations on 
the model transformations they apply to interpret or compile 
AADL, the formal proof of semantics preservation remains in 
most cases altogether impossible. Our contribution is to bridge 
this gap by providing two formal semantics for a synchronous 
subset of AADL, which includes periodic threads and data port 
communications. Its operational semantics is formalized as a 
TTS (Timed Transition System). This formalization is one 
prerequisite to the formal proof of semantics preservation for 
our model transformation from AADL sources to our target 
verification formalism: TASM (Timed Abstract State 
Machine). In this paper, an abstract syntax of (our subset of) 
AADL is given, together with the abstract syntax of TASM. 
The translation is formalized by a family of semantics 
functions, which associates each AADL construct to a TASM 
fragment. Then, the proof of simulation equivalence between 
the TTSs of the AADL and the TASM models is formalized 
and mechanized using the proof assistant Coq. 

Keywords-AADL; TASM; translational semantics; 
operational semantics; semantics preservation 

I.  INTRODUCTION 
AADL (Architecture Analysis and Design Language)[1] is 

an architecture description language standard (SAE AS5506) 
for embedded real-time systems and has its broad use in the 
safety-critical area. It employs formal modeling concepts for 
the description of software/hardware architecture and 
runtime environment in terms of distinct components and 
their interactions, and it is especially effective for model-
driven design of complex embedded real-time systems.  

Safety-critical systems are often required to pass stringent 
processes of verification to provide sufficiently strong 
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evidence about their correctness. When described using an 
AADL model, such a system specification is always  
transformed to another formal model for verification and 
analysis, such as, the translations to BIP[2], to ACSR[3], to 
IF[4], to Fiacre[5], to Real-Time Maude[6], to Lustre[7] or to 
Polychrony[8]. The goal is to reuse conveniently the existing 
verification methods and tools of these formal models. 

However, a challenge problem is to prove that they 
preserve the semantics of the model or at least some specific 
properties. On the one hand, the AADL standard is described 
informally without a formal semantics, and it is difficult to 
prove the equivalence between a formal domain and a 
natural-language domain. On the other hand, the 
interpretation of AADL in a formal verification framework 
implicitly defines an intended translational semantics. In 
most related work on AADL model transformation, the 
modeling concepts of both AADL and target language are 
always expressed in natural language, the translation rules 
are either expressed by natural language or by an algorithm. 
These make it be also difficult to support the formal proof of 
semantics preservation. 

To enable the formal verification of non-functional 
properties, including timing properties as well as resource 
consumption properties, we consider transforming AADL 
models into Timed Abstract State Machine[9]. TASM is an 
extension of the Abstract State Machine formalism, which 
supports resource consumption and timing as well as 
behavior and communication. 

This work is based on the AADL v2.0. Model checking 
and simulation are used to verify AADL models through 
their translation to TASM, while the theorem prover Coq[11] 
is used to prove the methodology, i.e., the correctness of the 
translation. The proof of semantics preservation strongly 
demands for a precise translational semantics and a precise 
operational semantics of AADL, and it is based on the 
simulation-equivalence principle of Timed Transition 
Systems. 

The paper is organized as follows. Section II introduces 
the preliminaries. Section III presents an overview of the 
AADL language and the abstract syntax of the chosen subset 
of AADL. The abstract syntax of TASM is expressed in 
Section IV. Section V presents the two formal semantics of 
the subset of AADL. Section VI shows the mechanized proof 
of semantics preservation. Section VII discusses the related 
work, and Section VIII gives some concluding remarks. 



II. PRELIMINARIES 

A. Timed Transition System 
Timed Transition System (TTS) is an abstract and 

common method for semantics expressions and is used to 
compare the semantics of real time specification languages.  

Given +R  the set of nonnegative Reals, we formally 
define our notation of a TTS. 
Definition 1: Timed Transition System. A TTS is a tuple 

0, , , , ,S S P LΓ = ∑ →  where: 

- S is a set of states 
- 0S S⊆  is a set of initial states 
-∑ is a finite set of labels 
- P is a set of predicates 
-  ( )S R S+→ ⊆ × ∑∪ × is the transition relation 
- : 2PL S → is a satisfaction function, L(s) maps each 

state to the set of predicates which are true in that state. 
There are two kinds of transition relations: ( , , ')s sσ ∈→  is 

also written 's sσ⎯⎯→ those from S S×∑×  are called discrete 
transitions, those from S R S+× ×  are the continuous 
transitions.  

Then, we consider two operations on TTS, including 
synchronous product and simulation equivalence.  

Synchronous product is used to define the semantics of an 
AADL model as the composition of the semantics of its 
constituents. This way, the equivalence proof can be 
obtained in a compositional way from the correctness of the 
translation of elementary AADL model elements such as 
threads and connections. 
Definition 2: Synchronous Product. Consider n TTSs 

0, , , , , , 1...S S P L i ni i i i i i iΓ = ∑ → = . The synchronous product is a 

TTS: 0, , , , ,
1..

S S P Lii n
∏Γ = Γ = ∑ →

=
, such that: 

- ... ...1S S S Sni= × × × ×  

- 0 0 0 0... ...1S S S Sni= × × × ×   
- 

1... ii n
∑ = ∪ ∑

=
 

- 
1...

P Pii n
= ∪

=
 

- →  satisfies the following rules: 

(

, '
,

( , ..., , ..., ) ', ..., ', ..., ')1 1

ei s sii i e Res s s s s sn ni i

+∀
∈ ∑∪

⎯→
⎯→

 

- 
1...

( )i i
i n

L L S
=

= ∪  

     Bisimulation and its variants are usually formulated over 
TTS. In this work, what is proved in Coq is strong 
simulation equivalence which implies *CTL∀  and *CTL∃  
preservation. 
Definition 3: Strong Simulation Equivalence. Given an 
alphabet ∑ and two TTSs 0, , , , ,1 1 1 1 1S S P LΓ = ∑ →  and 

0, , , , ,2 2 2 2 2S S P LΓ = ∑ → , we say that 1Γ  strongly simulates 

2Γ , noted 1 2Γ Γ≺ , if  there is a relation 1 2R S S⊆ ×  called a 
strong simulation relation, such that: 

- 0 0 0 0 0 0
1 1 2 2 1 2, : ( , )s S s S s s R∀ ∈ ∃ ∈ ∈  

- 
1 2( , )s s R∀ ∈ , ( )Rσ +∀ ∈ ∑∪ , 1 's∀ such that 1 1 1( , , ')s sσ ∈→ , 

it exists 
2 2's S∈  such that 2 2 2( , , ')s sσ ∈→  and 1 2( ', ')s s R∈ . 

- 
1 2( , )s s R∀ ∈ , then,

1 1 2 2( ) ( )L s L s=  
    Here the simulation relation R is general. It will be 
specialized using a mapping function and invariants when 
used in the proof.  

B. The Coq Theorem Prover 
Coq[11] is a theorem prover based on the Calculus of 

Inductive Constructions which is a variant of type theory, 
following the “Curry-Howard Isomorphism” paradigm, 
enriched with support for inductive and co-inductive 
definitions of data types and predicates.  
  From the specification perspective, Coq offers a rich 

specification language to define problems and state 
theorems. From the proof perspective, proofs are developed 
interactively using tactics, which can reduce the workload of 
the users. Moreover, the type-checking performed by Coq is 
the key point of proof verification. 
    Here we give the Coq expressions of the definition of 
TTS and its synchronous product. 

Variable State: Type. 
Record TTS: Type := mkTTS { 
  Init: State -> Prop; 
  Delay: State -> Time -> State -> Prop; 
  Next: State -> State -> Prop; 
  Predicate: Type; 
  Satisfy: State -> Predicate -> Prop 
}. 
Definition TTSIndexedProduct Ind (tts: Ind -> TTS): TTS := { 
  Init st := forall i, Init (tts i) st; 
  Delay st d st' := forall i, Delay (tts i) st d st'; 
  Next st st' := forall i, Next (tts i) st st'; 
  Predicate := { i: Ind & Predicate (tts i) }; 
  Satisfy st p := Satisfy (tts (projT1 p)) st (projT2 p) 
}. 

III. A SYNCHRONOUS SUBSET OF AADL 
AADL includes all the standard concepts of any ADL, 

such as components, ports, and connections to link the ports. 
AADL provides three kinds of components: 
• Software components: thread, thread group, 

subprogram, data and process. 
• Hardware components: processor, memory, bus, device, 

virtual processor and virtual bus. 
• System components which represent composite sets of 

software and hardware components. 
We consider periodic threads with data port 

communication only, and their details will be given in 
Section V. 

A. Periodic Thread 
AADL supports the classic thread dispatch protocols: 

periodic, aperiodic, sporadic or background. Several 
properties can be assigned to a periodic thread, such as: the 
Dispatch_Protocol, supposed to be Periodic, period given 
by the Period property in the form of period=100ms or 



frequency=10Hz, Execution Time, and Deadline. By default, 
when the deadline is not specified it equals the period. 

B.  Data Port Connection 
Port connections link ports to enable the exchange of data 

and event among components. AADL defines three types of 
component ports: data, event and event data ports. Event 
and event data ports support queueing buffers, but data ports 
only keep the latest data. Determinism is an important 
property of safety critical systems. In order to ensure 
deterministic data communication between the data ports of 
periodic threads, AADL offers two communication 
mechanisms: immediate and delayed. For an immediate 
connection, the execution of the recipient thread is 
suspended until the sending thread completes its execution. 
For a delayed connection the output of the sending thread is 
not transferred until the sending thread’s deadline, typically 
the end of the period. Note that they have not necessarily the 
same period, which allows over-sampling and under-
sampling. 

Here, we give the abstract syntax of the chosen subset of 
AADL: 

Thread := {  Period : Duration;
                               WCET: Duration;

        Deadline : Duration;
                               Iports: set of Port;
                               Oports: set of P

Type

ort; 
     }

 Connection := {  SourcePort: Port;
                                      PortConnectionType: {immediate, delayed};
                                      DestinationPort: Port;
           

Type

                         }   
Model := { Threads : set of Thread;

                            Connections: set of Connection;
   }

Type

 

IV. A BRIEF OVERVIEW OF TASM 
A basic TASM[9] specification is a pair: <E, ASM>. The 

environment E=<EV, TU> contains environment variables 
and their types that include real numbers, integer, boolean, 
and user-defined types. The machine ASM=<MV, CV, IV, 
R> consists of four parts – monitored variables, controlled 
variables, internal variables and the set of rules with the form 
“if condition then action”, where condition is an expression 
depending on the monitored variables, and action is a 
sequence of one or more updates of the controlled variables. 
The internal variables are not visible to the environment. 

A machine can have several rules, but just one rule can be 
selected for execution. Each rule has a duration and resource 
usage.  
• Time specifies the duration of a rule execution, which 

can take the form of a single value t, an interval [tmin, 
tmax], or the keyword next. The “next” construct 
essentially states that time should elapse until an event 
of interest occurs, which is especially helpful for a 
machine which has no enabled rules, but which does not 
wish to terminate. Moreover, time can be discrete, like 
t:=1. 

• Resource is defined as a global quantity that has a finite 
size such as processor usage, memory, power and 
bandwidth, etc. Each rule specifies how much of a given 
resource it consumes. 

There are three categories of machines: TASM uses a set 
of main machines to support the specification of parallel 
behavior, and provides sub-machine and function-machine 
calls to support the specification of hierarchical behaviors. 
The communications are only between the main machines 
and can use channel synchronization and shared variables.  

The abstract syntax of TASM is given in BNF as follows: 
P ::= x := exp | skip | Ch! | Ch?| if Bexp then P | time (tmin, tmax) P
        | time next  P | resource r (rmin, rmax) P | P P | P P
TASM ::= <E, P || P || ... || P>  

⊕ ⊗
�

� �
 

P defines the behaviors of a main machine, x:=exp means 
update the value of the controlled variable x, “time” 
specifies the duration of P, “resource” specifies the resource 
usage during the execution of P, r is the name of a resource, 
P P⊕  is the choice operator that connects several rules 
within a main machine, P P⊗  is a synchronous parallel 
operator which connects statements within rule actions, the 
statements must not update the same variables, and P||P  is a 
parallel operator which connects main machines, 
composition is synchronous if updates are simultaneous, 
else asynchronous. 

The semantics of a main machine is the following: read 
the shared variables, select a rule of which condition is 
satisfied, wait for the duration of the execution while 
consuming the resources, and then apply the updates to the 
environment. If there are communications with other 
machines, it also needs to synchronize.  

V. FORMAL SEMANTICS OF THE SUBSET OF AADL 
In this section, we give the informal interpretation, 

translational semantics into TASM and operational 
semantics using a TTS of the subset of AADL. 
A. Informal Interpretation 
Periodic Thread: A periodic thread is dispatched 
periodically by the clock, and its inputs received from other 
threads are frozen at dispatch time (by default), i.e., at the 
time zero, or at the Input_Time property of the input ports. 
As a result the computation performed by a thread is not 
affected by the arrival of new inputs. Similarly, the outputs 
are made available to other threads at the completion time 
(by default) or as specified by the Output_Time property.  
Data Port Connection: We suppose here two threads have 
the same period and dispatch at the same time. 

For an immediate connection, the execution of the 
recipient is suspended until the sender completes its 
execution. As mentioned above, the inputs have been copied 
at the dispatch time, so the recipient needs to replace the old 
data using the data got from the sender at the start of 
execution.  

For a delayed connection, the value from the sender is 
transmitted at its deadline and is available to the recipient at 
its next dispatch. The recipient just needs the last dispatch 
data from the sender. 



The time line of a periodic thread with data port 
communication is represented in Fig. 1. 

 
Figure 1.  The time line of an AADL periodic thread with data port 
communication. 

B. Translational Semantics 
A global semantics function is defined, which has two 

parts: the mapping of structural aspects into the TASM 
environment (thread-related variables, connection-related 
variables), and the mapping of dynamic aspects into the 
TASM rules (such as the behaviors of threads and 
connections). The auxiliary functions will be defined later. 

. .

. .

Translate (m:Model) = 
 < Trans_ThreadData(th) ( Trans_ConnectionData (cn)),

     (  || Trans_Thread(th) ) || (  || Trans_Connection(cn)) > 
th m Threads cn m Connections

th m Threads cn m Connections

∈ ∈

∈ ∈

∪ ∪ ∪

     

1) The TASM environment is defined as a set of typed 
variables such as the state and resource consumption of the 
thread. A data port only keeps the latest data, so we use an 
integer variable to express it. Moreover, an IportBuffer 
variable is defined for each port of each thread. The sender 
copies values of output ports to the buffer, and the receiver 
copies values from the buffer to the input ports. The 
variables associated to connections are defined as well. 

Listing 1. The TASM environment. 
Trans_ThreadData (th) =  
{  State : { waiting_dispatch, waiting_execution, execution, completed} 

 := waiting_dispatch;  
    Iport: Integer:= 0; 

Oport: Integer:= 0; 
Resource  Processor, Bus,… /*  used for resource consumption */ 
… 

} 

 2) In TASM, time can be logical. At each instant, we can 
use a rule to express the behaviors.  

Each thread is expressed by a main machine with five 
rules: Dispatch, Waiting Execution, Execution, Write Data, 
and Waiting Next Event: 

Dispatch. A periodic thread is dispatched periodically by 
the clock. We use a machine to express the clock controller 
and it sends the dispatch signal to the machine associated to 
the thread. A family of shared variables Dispatch:{true, false} 
are used to achieve it. 

Waiting Execution. When the thread is dispatched, its 
execution is managed by a scheduler. For example, in 
presence of immediate connection, the scheduler must ensure 
that the sender completes before the start of execution of the 
receiver. Similarly, we use a machine to express the 
scheduler. A family of shared variables Get_CPU:{true, 
false} are used.  

Execution. The duration of execution is the WCET and 
processor consumption is 100%: we assume execution 
cannot be preempted. 

Write Data. The execution results are copied to the 
IportBuffer of the receiver. 

Waiting Next Event. This rule applies when dispatch and 
execution conditions are not satisfied and allows waiting for 
the next update of the system.  

The behavior of a connection is separated as two parts: 
Read and Write. Moreover, the execution is abstracted by a 
function Computation (Iports, Oports) which consumes 
CPU time, and it can be refined by the AADL behavior 
annex[12]. 

Listing 2. The TASM rules. 

( )

 =
// Rule Dispatch 
Time 0  ( if State(th)=waiting_dispatch and Dispatch(th)=true then
 State(th):= waiting_execution ( Iport(ip):=Iport_Buffer(ip))

 
// Rule Waiting Exec

ip Iports th∈
⊗⊗

⊕

Trans_Thread (th)

�

ution
Time 0  ( if State(th)=waiting_execution and Get_CPU(th)=true then
 State(th):= execution

// Rule Execution
Time WCET(th) Resource Processor 100  
     ( if State(th) = e

⊗
⊕

Trans_Connection_Read(th)
�

� �
xecution then

       Computation(Iports(th),Oports(th))  State(th):= completed )

//  Rule Write Data
Time 0 (if State(th) = completed then
 State(th):= waiting_dispatch

// Rule

⊗
⊕

⊗
⊕

Trans_Connection_Write(th)
�

( ) ( ) ( ) Im

 Waiting Next Event
Time next (else then
                      skip)

 =
Iport(ip):=Iport_Buffer(ip

ip Iports th cn Connections DestinationPort cn ip ConnectionType cn mediate∈ ∧ ∈ ∧ = ∧ =
⊗

Trans_Connection_Read(th)

�

( ) ( )
IportBuffer(DestinationPort(cn)):=Oport(op

))

 =
) 

op Oports th cn Connections SourcePort cn op∈ ∧ ∈ ∧ =
⊗

Trans_Connection_Write(th)

 

C. Operational Semanitcs 
Its operational semantics in terms of TTS is defined, 

where the state S contains the state of the thread 
(ThState(th)), the values of inputs (Iports(th)) and outputs 
(Oports(th)), the dispatch condition (Dispatch(th)), the 
execution condition (Get_CPU(th)), and the next period of 
the thread (NextPeriod(th)). Its transition is defined by the 
rules in the following. The rule WAIT_EVENT 
corresponding to the TASM rule Waiting Next Event, is a 
delay rule of which guard is the complement of other guards. 
The delay we have to wait will be affected by other threads. 

( ( )) _ ,
( ( )) ,  
'( ( )) _ ,

( ), '( ) ( ),  
( ), '( ) ( ),

'( ( )) ( ( )) (

S ThState th waiting dispatch
S Dispatch th true
S ThState th waiting execution

ip Iports th S ip IportBuffer ip
op Oports th S op S op

S NextPeriod th S NextPeriod th Period t

=
=

=
∀ ∈ =
∀ ∈ =

= +
( ),0

)
'dispatch th

h
S S⎯⎯⎯⎯⎯→

   DISPATCH  

( ),

( ( )) _ ,
( _ ( )) , '( ( )) ,

( ), '( ) ( ),  
( ), '( ) ( ),

'( ( )) ( ( ))
waiting th immed

S ThState th waiting execution
S Get CPU th true S ThState th execution

ip Iports th S ip IportBuffer ip
op Oports th S op S op

S NextPeriod th S NextPeriod th
S

=
= =

∀ ∈ =
∀ ∈ =

=
,0 'iate S⎯⎯⎯⎯⎯⎯⎯→

   WAITING_EXE[1]  



( ), ,0

( ( )) _ ,
( _ ( )) , '( ( )) ,

( ), '( ) ( ),  
( ), '( ) ( ),

'( ( )) ( ( ))
waiting th delayed

S ThState th waiting execution
S Get CPU th true S ThState th execution

ip Iports th S ip S ip
op Oports th S op S op

S NextPeriod th S NextPeriod th
S

=
= =

∀ ∈ =
∀ ∈ =

=
⎯⎯⎯⎯⎯ → 'S⎯⎯

   WAITING_EXE[2]  

( ),

( ( )) ,  '( ( )) ,
( ), '( ) ( ),  

( ), '( ) ( , ),
'( ( )) ( ( )),  ( )

'execution th d

S ThState th execution S ThState th completed
ip Iports th S ip S ip
op Oports th S op Computation ip op

S NextPeriod th S NextPeriod th d WCET th
S S

= =
∀ ∈ =
∀ ∈ =

= =
⎯⎯⎯⎯⎯→

   EXECUTION  

( ( )) ,  '( ( )) _ ,
( ), '( ) ( ),

( ), ,
( ( )) '( ),

'( ( )) ( ( ))
write

S ThState th completed S ThState th waiting dispatch
ip Iports th S ip S ip
op Oports th cn Connections

IportBuffer DestinationPort cn S op
S NextPeriod th S NextPeriod th

S

= =
∀ ∈ =
∀ ∈ ∀ ∈

=
=

( ),0 'th S⎯⎯⎯⎯→
   WRITE_DATA  

( ( ( )) _ , ( ( )) , )

( ( ( )) _ , ( _ ( )) , ) 
'( ( )) ( ( )),

( ), '( ) ( ),  
( ), '( ) (

S ThState th waiting dispatch S Dispatch th false
or
S ThState th waiting execution S Get CPU th false

S ThState th S ThState th
ip Iports th S ip S ip
op Oports th S op S o

= =

= =
=

∀ ∈ =
∀ ∈ =

_ _ ( ),

),
'( ( )) ( ( ))

'waiting next event th d

p
S NextPeriod th S NextPeriod th

S S
=

⎯⎯⎯⎯⎯⎯⎯⎯→
   WAIT_EVENT  

Figure 2.  The operational semantics in TTS. 

VI. THE PROOF OF SEMANTICS PRESERVATION 
In this section, we give the main idea of the proof of 

semantics preservation from AADL to TASM: 
compositional proof and strong simulation equivalence.  

A. Strong Simulation Equivalence 
As defined in Section II, the simulation relation R is 

general. Here it is specialized using a mapping function and 
an invariant which restricts considered states to a superset of 
reachable states. Furthermore, auxiliary variables are needed 
in order to establish the simulation. They contain 
information about previous states that are needed to build 
the TTS of the AADL model from the TTS of TASM 
model. Moreover, we attach the same set of observers to 
both models, as for example "port p of thread t has value v". 
Their semantics is defined by a predicate over the state 
space of each model and be compatible with the chosen 
mapping function when the invariant is satisfied. Fig.3 
shows the principle of the simulation equivalence of this 
paper. 

 
Figure 3.  The principle of strong simulation equivalence. 

    The Coq expressions of TTS and synchronous product 
have been given in Section II, the Coq expressions of 

simulation equivalence are shown in the following: 
Variables StateA StateC: Type. 
Record mapping: Type := mkMapping { 
  mState: Type; // auxiliary state 

      mInit: StateC -> mState; 
      mNext: mState -> StateC -> mState; 
      mDelay: mState -> StateC -> Time -> mState; 
      mabs: mState -> StateC -> StateA 

}. 
Variable m: mapping. 
Record simu (Pred: Type) (a: TTS StateA) (c: TTS StateC) (tra: Pred -> LP 
(Predicate _ a)) (trc: Pred -> LP (Predicate _ c)): Type := simuPrf { 
  inv: (mState m) -> StateC -> Prop; 
  invInit: forall st, Init _ c st -> inv (mInit m st) st; 
  invDelay: forall ex1 st1 st2 d, Delay _ c st1 d st2 -> inv ex1 st1 -> inv 

(mDelay m ex1 st1 d) st2; 
      invNext: forall ex1 st1 st2, Next _ c st1 st2 -> inv ex1 st1 -> inv (mNext m 

ex1 st1) st2; 
    simuInit: forall st, Init _ c st -> Init _ a (mabs m (mInit m st) st); 

      simuDelay: forall ex1 st1 st2 d, Delay _ c st1 d st2 -> inv ex1 st1 -> 
                        Delay _ a (mabs m ex1 st1) d (mabs m (mDelay m ex1 st1 d) 
st2); 
    simuNext: forall ex1 st1 st2, Next _ c st1 st2 -> inv ex1 st1 -> 

                       Next _ a (mabs m ex1 st1) (mabs m (mNext m ex1 st1) st2); 
      simuPred: forall ext st, inv ext st -> (forall p, lpSat (Satisfy _ c) st (trc p)  

 <-> lpSat (Satisfy _ a) (mabs m ext st) (tra p))  
}. 

B. Compositional Proof 
We use a subset of the proof mechanized by Coq to 

interpret the methodology, which takes into account delayed 
connections between periodic threads. An AADL model can 
contain several periodic threads, so we would like to prove 
the simulation equivalence between the operational 
semantics of a thread and its translational semantics in a 
TASM machine, not the full semantics. This method is 
called as compositional proof and it will reduce the 
complexity of the proof. 

Firstly, we need three Lemmas: 
Lemma 1. Let AADL = < Th1,…, Thn> be an AADL 

model, which contains several periodic threads with delayed 
connections. Let TTS_AADL be its operational semantics 
defined as a TTS, and TTS_Th(i) be the operational 
semantics of the thread i, then 

1...
_ _ ( )

i n
TTS AADL TTS Th i

=
Π≺ , 

and vice versa. 
Lemma 2. Let TASM = < MM1,…,MMn> be a TASM 

model which contains several main machines. Let 
TTS_TASM be its operational semantics defined as a TTS, 
and TTS_MM(i) be the operational semantics of the main 
machine i, then 

1...
_ _ ( )

i n
TTS TASM TTS MM i

=
Π≺ , and vice versa. 

Lemma 3. If _ '_TTS i TTS i≺ , then 
1... 1...

_ '_
i n i n

TTS i TTS i
= =
Π Π≺ . 

The abstract syntax of AADL and TASM are presented as 
inductive data types or record types, and their semantics 
(TTS_AADL, TTS_Th(i), TTS_TASM, TTS_MM(i)) are 
presented as inductive predicates. The proof of the three 
lemmas is done by case analysis. 

Then, we give the translation from AADL to TASM. 
Finally, we prove the theorems as follows: 
Theorem 1. _ ( ) _ ( _ ( ))TTS Th i TTS MM Trans Thread i≺ .   
Theorem 2. _ ( _ ( )) _ ( )TTS MM Trans Thread i TTS Th i≺ . 
The main body of the theorems in Coq is in the following. 

Theorem AADL2TASM_simu1:  
 forall th, simu _ _ A2T (AADLPred Value sys) (MM_TTS _ _  
(AADL2TASM) th) (Thread_TTS _ sys th) AP2TP (fun x => LPPred _ x). 



Proof. 
 simpl; intros.  

split with (getInvariant th); simpl; intros. … 
Qed. 
Theorem AADL2TASM_simu2:  
 forall th, simu _ _ T2A (AADLPred Value sys) (Thread_TTS _ sys th) 
(MM_TTS _ _ AADL2TASM th) (fun x => LPPred _ x) AP2TP. 
Proof. 

intros. 
split with (getMMInvariant th); simpl; intros; auto. … 

Qed. 

Theorem 1 is for the direction from AADL to TASM, and 
theorem 2 is for the direction from TASM to AADL. Before 
the proof, we need to define the concrete mapping function, 
get the invariants, get the predicates and map the predicates. 
Moreover, in the proof of theorem 2, we need auxiliary 
states, because some information may be missing when 
translated AADL state space to TASM. The proof of the two 
theorems is also done by case analysis. The Coq source can 
be downloaded at http://www.irit.fr/PERSONNEL/ 
CADIE/bodeveix/COQ/AADL2TASM/V0/. 

VII. RELATED WORK 
Model transformation technology is often used to 

interpret AADL models with a formal specification suitable 
for analysis and verification. In most of the related works, 
however, the proof of semantic preservation of such 
transformations is not addressed. Instead, most of the related 
work claims manual validation of the proposed technique, 
such as, the translations to BIP [2], to ACSR[3], to IF[4], to 
Fiacre[5], to Real-Time Maude[6], to Lustre [7] and to 
Polychrony [8]. 

The work presented in [13] gives the formalization for a 
subset of the AADL Meta model using the B method and 
the Isabelle proof assistant. This allows proving the correct 
transformations of AADL models, and an example of 
AADL flow is given. Similarly, [14] proposes a refinement 
development of a synchronous subset of AADL using Event 
B method, and gives simple proof obligations. [15] 
interprets the AADL mode change protocol using Timed 
Petri Net, which allows to verify some properties pertaining 
to this models and validate the proposed translation. In [16], 
we present a comparative study of FIACRE and TASM to 
define an AADL subset. 

VIII. CONCLUSION AND FUTURE WORK 
In this paper, we have presented a translation of AADL 

concepts into TASM and a methodology to prove this 
translation correct. A synchronous subset of AADL we 
consider includes periodic threads and data port 
communications. We first formalize the translational 
semantics by a family of semantics function which 
inductively associates a TASM fragment with each AADL 
construct. Second, the operational semantics is formalized as 
a Timed Transition System. Finally, we formalize the 
theorem and proof of simulation equivalence between the 
two formal semantics and mechanize it using the Coq proof 
assistant. 

 In addition to the work presented in this paper, we already 
formalized other subset of AADL using TASM, such as the 

behavior annex [18] and mode changes [19]. We are 
currently working on the proof of these additional elements 
of AADL. 

ACKNOWLEDGMENT 
Zhibin Yang would like to thank Mr. Mamoun Filali for 

many help and suggestions. 

REFERENCES 
[1] SAE Aerospace. SAE AS5506A: Architecture Analysis and Design 

Language (AADL), Version 2.0, 2009. 
[2] M.Y.Chkouri, A.Robert, M.Bozga, and J.Sifakis, "Translating AADL 

into BIP-Application to the Verification of Real-time Systems, " Proc. 
MoDELS Workshops 08, Springer-Verlag, Berlin, Heidelberg, 2008, 
pp. 5−19. 

[3] O. Sokolsky, I. Lee, and D. Clark, "Schedulability Analysis of AADL 
models, " Proc. IPDPS 06, IEEE Press, Rhodes Island, 2006, 8 pp. 

[4] T. Abdoul, J. Champeau, P. Dhaussy, P. Pillain, and J. C. Roger, 
"AADL execution semantics transformation for formal verification, " 
Proc. ICECCS 08, IEEE Press, Belfast, 2008, pp. 263-268. 

[5] B. Berthomieu, J. P. Bodeveix, C. Chaudet, S. Dal Zilio, M. Filali, 
and F. Vernadat, "Formal Verification of AADL Specifications in the 
Topcased Environment, " Proc. Ada-Europe 09, LNCS, vol. 5570, 
Springer, 2009, pp.207-221. 

[6] P. Csaba Ölveczky, A. Boronat and J. Meseguer. Formal Semantics 
and Analysis of Behavioral AADL Models in Real-Time Maude. 
FMOODS/PORTE 2010, pp.47-52.  

[7] N. Halbwachs, E. Jahier, P. Raymond, X. Nicollin, and D. Lesens, 
"Virtual execution of AADL models via a translation into 
synchronous programs," Proc. EMSOFT 07, ACM, pp. 134-143. 

[8] Y.Ma, J. P.Talpin, S.Shukla, and T. Gautier , "Distributed simulation 
of AADL specifications in a polychronous model of computation, " 
Proc. ICESS 09, IEEE Press, 2009, pp. 607-614. 

[9] M. Ouimet and K.Lundqvist. The TASM Language Reference 
Manual Version 1.1. November , 2006. 

[10] M. Ouimet and K. Lundqvist, "The Timed Abstract State Machine 
Toolset: Specification, Simulation, and Verification of Real-Time 
Systems," Proc. CAV 2007,pp 126-130. 

[11] The Coq Proof Assistant Reference Manual Version 8.2. The Coq 
Development Team. February, 2009. 

[12] SAE AS5506 Annex: Behavior_Specification V2.0 September 20, 
2007. 

[13] J. Bodeveix, D. Chemouil, M. Filali, M. Strecker, "Towards 
formalising AADL in Proof Assistants," Electronic Notes in 
Theoretical Computer Science.Volume 141 Issue 3, December, 2005. 

[14] M. Filali, J. L. Lawall, "Development of a Synchronous Subset of 
AADL, " Proc. ASM 2010, pp.245-258. 

[15] D. Bertrand, A.M. Déplanche, S. Faucou, O. H. Roux, "A Study of 
the AADL Mode Change Protocol, " Proc. 13th ICECCS, 2008, pp. 
288-293. 

[16] L. Pi, Z.Yang, J. Bodeveix and M. Filali, K. Hu and D. Ma, "A 
Comparative Study of FIACRE and TASM to Define AADL Real 
Time Concepts., " Proc. 14th ICECCS, 2009, pp.347-352. 

[17] M. Ouimet, "A Formal Framework for Specification-Based 
Embedded Real-Time System Engineering, " Ph.D Thesis. MIT. 
2008. 

[18] Z. Yang, K. Hu, D. Ma, L.Pi, "Towards a formal semantics for the 
AADL behavior annex, " Proc. DATE 2009, pp.1166-1171. 

[19] Z. Yang, K. Hu, D. Ma, L.Pi, and J.Bodeveix, "Formal Semantics and 
Verification of AADL Modes in Timed Abstract State Machine, " 
Proc. PIC 2010, pp.1098-1103. 

[20] M. Ouimet and K. Lundqvist, "Verifying Execution Time using the 
TASM Toolset and UPPAAL," MIT Technical Report 2007. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


