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Abstract— A new assurance concept for new upcoming 
COTS-based computing platforms have to be based on a 
framework that allows to respond to various assurance 
challenges of different types of COTS hardware technologies. 
Therefore, we propose to use the generic assurance approach of 
the Overarching Properties, currently under research, together 
with assurance case as a tool to get the needed flexibility in the 
way to argument that the COTS assurance objectives are met. 
Indeed, to achieve this, it is necessary to develop a concept about 
COTS assurance in general which is realizable with an assurance 
case-based Overarching Property approach. This we have 
already provided in [1].  In this paper we have refined our work 
to integrate COTS technology specific assurance objectives and 
explained how their demonstration can be made within this new 
assurance concept in a coherent way. 
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I. INTRODUCTION 

When developing civil airborne electronic hardware 
(AEH), the use of the guidance document RTCA/DO-254 [2] 
has been the de facto standard since 2005 to ensure design 
assurance. Design assurance is the process of planned and 
systematic activities to be confident that errors in requirements, 
design and implementation have been taken care of to an 
adequate level for the specified system [3]. Electronic 
hardware is, however, usually designed with one or several 
commercial-off-the-shelf (COTS) hardware components not 
developed according to the specified process. Use of COTS 
components therefore need other assurance guidance.  

RTCA/DO-254 indeed includes additional COTS assurance 
guidance in the additional considerations chapter not part of the 
main sections. However, when the RTCA/DO-254 document 
was developed, the use of COTS components was not 
common, and the components were not very complex. 
Therefore, several other COTS assurance guidance documents 
have been identified by the certification authorities during the 
years. See Section IV in [1] for a literature review. When new 
technology has been introduced, new assurance activities have 
been suggested by the authorities. Usually with sources from 
different research groups or reports. 
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The COTS assurance activities often depend on the 
complexity and functionality of the components. For instance, 
EASA’s Certification Memorandum SWCEH-001 [4] (non-
binding guidance material), Section 9, gives guidance for 
COTS integrated circuits (excluding the core processing unit), 
COTS microcontrollers and highly complex COTS 
microcontrollers including multicores. The assurance activities 
to be performed depend on design assurance level (DAL), 
complexity of the device and the device’s service experience. 
In Section 10 in [4], COTS graphical processors (GPUs) are 
addressed, but only for airborne display applications. How 
about other applications using the GPU for numerical 
calculations? In addition, the guidance material for GPUs 
assumes a discrete graphical processor that has a very short life 
and therefore has an increased possibility of design errors, is 
complex, contains configurable elements, may exhibit 
performance variations over production time, and may 
completely lack empirical data on the actual failure rates 
experienced in avionics applications [4]. In this case, the 
guidance material explicitly assumes several low-level 
activities to be performed for all GPU devices, but nothing or 
very little concerns the use of the GPU for normal calculations. 
Furthermore, if a COTS intellectual property (IP) 
microprocessor core is used, other guidance material, closely 
related to RTCA/DO-254, should be used. The latest guidance 
from the certification authorities addressing COTS assurance 
(including COTS IP) is included in a Notice of Proposed 
Amendment [5], which is a joint FAA and EASA effort. 

How about the use of emerging computing platforms? For 
instance, components integrating central processing units and 
graphics processors in the same chip, used in a transparent 
manner for the programmer. The graphics processors may be 
used for traditional floating-point calculations not aimed for 
display applications. Some of these devices also include a 
programmable logic area. If used, design assurance for the 
programmable part should follow RTCA/DO-254. Other new 
computing platforms include machine learning, which cannot 
be tested in the same manner as traditional deterministic 
hardware or software but rather needs to rely on other 
assurance, or microcontrollers developed for the automotive 
domain. For the latter, we claim there might be benefits for 
using these devices in avionics applications [6]. Furthermore, 
the more futuristic concept of approximate computing may 
even face some safety-critical airborne systems for certain 
applications. How about guidance for such computing 
platforms? 

Clearly, there is a strong need for a new assurance concept 
for COTS-based computing platforms in avionics. Such 



concept could be based on assurance cases. An assurance case 
is a structured argument, backed-up with evidence, that a 
system operates as intended for a defined application in a 
defined environment [7]. In [1], we demonstrate the use of an 
assurance case to structure COTS hardware components 
assurance for safety-critical avionics. G. Berthon [8] has used a 
similar approach, i.e. a structured assurance case for COTS 
airborne electronic hardware. Berthon suggests a design 
assurance level (DAL) based evidence approach for COTS 
hardware, to support six sub-claims, which origins from top 
level requirements from CS-25 certification specification and 
FAR 25 airworthiness standards. The use of assurance cases is 
in line with FAA’s “Streamlining assurance process”, i.e. to 
streamline the certification process by delivering an approach 
(overarching properties) usable for both software and hardware 
development to ease the use of alternative means of 
compliance [9]. 

II. NEW COMPUTING PLATFORMS 

Even though the avionics market is very conservative when 
it comes to bringing in new technology in safety-critical 
systems, the high pace of introducing new technology in the 
commercial sector affects the avionics business in the long run 
too.  

This section introduces some particular technologies that 
might be introduced in the near future in avionics systems. 
Since no or little certification guidance exist today for these 
kinds of technologies, the certification authorities have to 
spend some effort in creating new guidance, with sometimes 
low-level activities, which may only be useful for few devices. 

A. Heterogeneous systems architectures 

Heterogeneous computing platforms exploit massive 
parallelism from non-traditional computing devices such as 
graphical processing units (GPUs) or digital signal processors 
(DSPs), to achieve high performance computations at low 
energy, and traditional central-processing units (CPUs) for 
latency-sensitive serial parts of the code [10]. Medical 
imaging, computational photography and fluid dynamics are 
areas where heterogeneous platforms have been successful 
[10]. New programming models and compilers, 
hardware/software interface, run-time support, load balancing 
and scheduling policies are all challenges to take advantage of 
the heterogeneous architectures [11]. One heterogeneous 
platform initiative is the Heterogeneous Systems Architecture 
(HSA) Foundation [17]. HSA uses a hardware platform and a 
software stack to allow seamless operation between several 
different types of processing elements including CPUs, GPUs, 
DSPs, crypto engines and various coding and encoding units, 
using only one unified application programming interface [10]. 
These heterogeneous COTS components do not have any 
certification guidance ready for the avionics market. If existing 
guidance would be allowed, probably most of it should be 
required, and yet not be sufficient for all certification aspects of 
these platforms, if used in higher design assurance levels. 

B. ISO 26262 developed microcontrollers 

In [6], we demonstrated design assurance benefits of using 
ISO 26262 developed microcontrollers for avionics 
applications. We did not consider new design assurance 
methods but relied on current aviation certification praxis. 
However, the concept of developing ISO 26262 
microcontrollers, can itself be seen as an alternative design 
assurance approach, even for avionics. Not for all redundant 
units coping with physical errors, but for the requirements-
based development and software controlling the low-level 
hardware. On a very low hardware level, software can and 
should be used for controlling correct operation of the 
microcontroller. 

C. Architectures using approximate computing 

Approximate computing is when some errors are allowed to 
happen in the computations, i.e computation accuracy is traded 
for better performance or energy consumption [12]. Leon et al. 
[13], for instance, have been able to reduce the energy 
consumption by 69% using a hybrid type of algorithm for 
approximate computing. In approximate computing, different 
types of reduction of computation accuracy can be used, e.g. 
reduced number of bits in the arithmetic operations, reduced 
number of loops in loop constructions (loop perforation), 
approximate findings of results from expensive function calls 
(approximate memoization), or relaxed synchronization in 
parallel applications [20, 23]. These kinds of algorithms may 
be used for applications such as machine learning, computer 
vision, and speech. Approximate computing techniques may 
also be used for future COTS based computing platforms, 
when CMOS technology moves to 7 nm processes and beyond 
with reduced reliability, where hardware faults might 
occasionally propagate to software [12]. From a COTS 
perspective, the following general guidelines should be 
followed: 

• The computing algorithm used is static when 
deployed, i.e. no dynamic (self-adaptive) algorithms 
should be used; 

• the computation should maintain integrity, i.e. using 
the same input data twice should show identical 
results (unless altered by physical phenomena, which 
must be detected); 

• it should be possible to demonstrate success via 
statistical simulation to some percent at a system 
level; and 

• it should be possible to quantify the probability of an 
undetected, misleading error and show that the error 
is appropriate to the function 

III. NEW ASSURANCE CONCEPT BASED ON ASSURANCE CASE 

The provision of dedicated and comprehensive guidance 
material for every new upcoming technology, relevant for 
avionics systems, is an impractical endeavour. Especially, if it 
is supposed to be a guidance with a level of detail to assure an 
item in a process-based way as comparable to what is 
stipulated in RTCA/DO-178C [24] or RTCA/DO-254 [2]. This 
kind of classical prescriptive guidance explains a development 
approach based on the assumption, if it is followed it is 



sufficiently assured that the realized item will operate with 
integrity according to its specification. This approach is called 
development assurance as confidence about item’s integrity is 
inferred from the adherence to a prescribed development 
approach based on commonly accepted practices.  

A development assurance strategy is not adequate for all 
kinds of items. As COTS hardware components are already 
produced the application of development assurance is 
impractical for demonstration of its integrity in the envisaged 
avionics system context. That is why for these items and other 
new technologies often argumentative approaches are proposed 
allowing the flexibility to use other more appropriate methods 
by enabling to show directly how they contribute in meeting 
the assurance objectives. This is necessary because assurance is 
not demonstrated by “blind” adherence to prescribed process-
based guidance. 

In the assurance case framework, assurance refers to the 
proven confidence that a top-level claim of an argument is true. 
Therefore, assurance cases work differently than traditional 
prescriptive methods or guidelines. A specialized form of 
assurance cases, safety cases, has been successful in certain 
environments for decades [15]. The strength with assurance 
cases is the motivation for developers to formulate explicit 
arguments clearly targeting a top-level claim. So why are 
assurance cases so beneficial for emerging COTS-based 
computing platforms? Rinehart and Knight [15] have claimed 
potential benefits for assurance cases. In the list below, we 
have explained these benefits in the context of emerging 
computing platforms: 

• Assurance cases are more suitable to address a 
broader variety of conventional methods and are 
not constrained to specific processes or 
techniques - This is one of the main arguments for 
using assurance cases for emerging computing 
platforms. These platforms need the flexibility to 
use a mixed selection of methods for convincing 
arguments for using COTS. 

• Assurance cases address modern certification 
challenges – prescriptive methods do not work 
well for new innovative systems where the 
complexity is high or emerging technologies are 
used. Assurance cases can address the use of new 
design assurance methods or a mix of old 
prescriptive methods and new assurance methods 
in order to reach a satisfactory level of assurance. 
Again, an important argument for using assurance 
cases. 

• Assurance cases offer a more effective 
certification path than other approaches – 
Assurance cases can extend traditional 
prescriptive regulations to include more flexible 
certification paths in a structed manner, which is 
important for new technologies or novel systems. 

• Organization of information is improved by 
assurance cases – Assurance cases explicitly 
show how the outcome of various conventional 
methods contribute in assurance, and thus help 

keeping the overview for both the system 
developer and the certification authority. The 
communication between these bodies is also 
streamlined. 

• The allocation of responsibility is improved by 
assurance cases – emerging computing platforms 
are very complex and may benefit from 
apportioning parts of the design to responsible 
stakeholders. However, for the avionics business, 
it is still the system integrator that need to take the 
overall responsibility for the system and correct 
use of COTS components, and thus this benefit is 
of less importance for this field. 

Another important benefit with assurance cases is that it 
forces people to think more deeply than otherwise [16]. This is 
very important for emerging technologies and would 
eventually remove some certification activities, i.e. those 
uncertain to help in design assurance for a particular platform. 
Compare with certification activities for GPU related platforms 
only useful for graphical applications. 

To explain why a chosen assurance method is sufficient 
“structured assurances cases” are an adequate tool. They give 
the case writer the possibility to demonstrate or explicate in a 
reviewable argument its assurance strategy in its entirety. This 
allows a third party to get the overview and full insight about 
how the item is assured and the justification why it is valid or 
acceptable to conclude that the item behaves with integrity 
integrated in the system.  

Currently, the usage of assurance cases on item level in the 
avionics domain is not a practised method 1 . Therefore, no 
official guidance material is available at all that could be used 
as a basis to plan how the assurance strategy shall be created 
with an assurance case. But there are plenty of academic 
publications about usage of assurance cases for different 
applications. Also, some technology orientated references from 
certification authorities are available which should be 
addressed in assurance for a specific class of item. This 
material provides valuable knowledge to arrange the assurance 
case on widespread and acceptable concepts.  

A. Assurance case notation 

For the assurance case notation, we use a graphical notation 
based on a subset of the Goal Structuring Notation (GSN). 
GSN is defined in [7]. Figure 1 shows the symbols we use in 
this article. 

The goal element illustrates claims and sub-claims 
supporting higher-level connected claims. The SupportedBy 
relationship creates a series of connected claims to establish an 
overall claim. A goal can be left intentionally undeveloped for 
later investigations, i.e. an Undeveloped Goal. A Strategy helps 
explaining or argument the logic between a goal and its 
supporting goals. Finally, to clarify concepts mentioned in 

                                                           
1 For guidance how to structure an assurance case for another domain (Air 

Traffic Services), see [18]. 
 



strategies, a Context element with a corresponding InContextOf 
relationship are used. 

Goal

Strategy

Undeveloped Goal

Context

InContextOfSupportedBy
 

Fig. 1. Used symbol subset of the GSN 

B. Overarching properties as the root 

In previous research [1], we proposed to use an assurance 
case to structure the assurance of a COTS hardware 
component. In this paper, we extend previous research with a 
flexible framework that can respond to various assurance 
challenges of different types of COTS components. In [1] we 
defined a top goal for assuring a COTS integrated in safety-
critical avionics. The top goal is – COTS component operates 
demonstrably airworthy in its system context. The top goal is 

based on the European certification authority’s precondition 
that applicable functional and safety certification specifications 
(CS) requirements also have to be satisfied by COTS 
components. However, CS requirements are not directly 
applicable for COTS components but have to be derived for the 
current level and to what are important to be demonstrated at 
that level. This work has been performed by Berthon et al. 
[14]. They identified six key objectives applicable to all kinds 
of AEH based on EASA CS requirements. These objectives 
constitute context to our top assurance goal. 

From our top goal, we identified a strategy splitting our 
case further in two branches [1]: 

1. Argument over initial airworthiness 

2. Argument over continuous airworthiness 

For assuring COTS hardware’s initial airworthiness it is 
mandatory to substantiate on a component level that the desired 
behavior is present. Therefore, we proposed to split the 
argument in two branches, see Figure 2: 

1. The isolated COTS component exhibits the 
desired behavior. 

2. The integrated COTS component exhibits the 
desired behavior on LRU/board-level. 

 

 

Fig. 2. Initial airworthiness argument including both the isolated COTS component as well as when integrated on LRU/board-level 



 

Usually, certain behavior of the COTS component can only 
be verified on a higher level of integration. In the second 
branch, see Figure 2, the COTS device has to be installed on 
the hardware item. Also, for the case that the COTS hardware 
assurance cannot be supported sufficiently by component level 
attributes, higher level mechanisms can be designed and argued 
to close this gap eventually. 

At this point the Overarching Properties (OPs) initiative 
administrated by the FAA comes into the picture [19]. An 
entity that demonstrably possesses the three OPs labeled with 
Intent, Correctness and Acceptability will be granted an 
approval to be used on an aircraft. The informal meaning of the 
OPs is expressed as following [19]: 

- Intent: “What the product is supposed to do is 
properly captured.” 

- Correctness: “The product does what it is supposed to 
do.” 

- Acceptability: “The product does not cause harm”, 
since made development decisions do not 
compromise the original safety assessment. 

The OPs build the next layer in the assurance case, see 
Figure 2. For the purpose of COTS assurance, they were 
adapted [1]. The isolated and the integrated COTS component 
should demonstrate that the OPs are possessed on each level2. 
This can be achieved by further development of the assurance 
case.  

Up to that point the presented argument is aligned 
according to a generic layout which should be applicable for all 
kinds of COTS components. Even if the OPs are used to 
organize the assurance concept, it has to be shown that the 
COTS device meets the allocated specification adequately. The 
next step in the argument has to provide a strategy to enable 
the demonstration of the OPs together with considering the 
COTS technology dependent assurance points of interest. 

C. Primary and confidence arguments 

The driving idea behind the OPs is that this approach shall 
provide a unified method for the approval of different kinds of 
entities. So that this approach can be an alternative to already 
used assurance methods. With this in mind, OPs have been 
devised in a way to enable its demonstration by application of 
the accepted development assurance methods for the triad of 
system (ARP4754A), hardware (RTCA/DO-254) and software 
(RTCA/DO-178C) together with an active safety assessment 
(ARP4761). 

For demonstration of each adapted overarching property in 
Figure 2, the next level of argument structure has to be 
developed. The OPs and standards like RTCA/DO-178C are 
comparable on a conceptual level. Holloway and Graydon [25] 
have impressively shown how a transformation of the 
RTCA/DO-178C in an assurance case can look like. They used 
a proposed separation by Hawkins et al. [26] between a 

                                                           
2 For further explanations about OPs w.r.t. COTS component assurance, see 
[1]. 

primary and a confidence argument. This concept helps to keep 
the primary argument focused and clear including only 
arguments that directly support the claimed attributes of 
interest. For a safety case, safety is the attribute of interest. 
According to Hawkins et al. this means in the primary 
argument only things should be added that show how system 
hazards are identified and mitigated in order to reduce the risk 
inherent in the product usage; this directly demonstrates safety 
on a product level. Development artefacts are only referenced 
in the case as supporting evidence or context. In case of the 
IsoCompCorrectness for example, see Figure 2, the attribute of 
interest is the correctness between the configured and installed 
COTS component and the defined intended behavior. So only 
arguments about the properties of the configured and installed 
COTS device and about the transformation chain from the 
defined intended behavior of it, with all intermediate artefacts, 
should be part of this argument. The realization of this chain of 
transformation together with its verification is the only direct 
way of reasoning allowing to conclude that the COTS 
component correctly behaves as intended.  

In contrast, the confidence argument explains why the used 
methods to produce the evidence and the made conclusions in 
the primary argument are sufficiently creditable. In case of the 
IsoCompCorrectness the confidence should explain why a 
reviewer should believe that this chain of transformation was 
correctly done with sufficiently avoidance of error. The 
confidence argument can be driven by obvious or / and critical 
assurance deficits in the primary argument. Since, they have to 
be resolved in order to demonstrate the residual uncertainty is 
acceptable managed. 

Figure 3 shows the further development of the 
IsoCompCorrectness. This kind of decomposition is adaptable 
for the other OPs under the IsoCompExhiBehav and the 
InteCompExhiBehav claim. 

 

IsoCompCorrectness

The configured and installed COTS 
component is correct with respect 
to its defined intended behavior, 
under foreseeable operating 
conditions

PrimIsoCompCorrectness

The configured and installed COTS 
component performs its intended 
behavior correctly under foreseeable 
operating conditions.

DecompIsoCompCorrectness

Decomposition in primary and confidence 
argument

ConfIsoCompCorrectness

Uncertainties in the correct 
transformation of the defined 
intended behavior to the configured 
and installed COTS component are 
sufficiently reduced 

 

Fig. 3. Primary and confidence decomposition for IsoCompCorrectness 



Chelini et al. (OP working group participant) gives an 
abstract example to demonstrate the compliance to the OPs 
with an assurance case with evaluation criteria [21]. They also 
decided to use the differentiation in the next layer of the case 
between primary and confidence argument.  

D. Integration of COTS assurance objectives 

Since COTS hardware components cannot be assured with 
a prescriptive development standard such as the RTCA/DO-
254, certification authorities have provided dedicated guidance 
for COTS assurance. In the beginning, they were more 
concentrated on the description on what kind of activities 
should be performed. This approach has been changed, so that 
the latest guidance material, as in the Notice of Proposed 
amendment [5], is focusing on the adherence of certain 
assurance objectives. 

Although assurance of new emerging COTS-based 
computing platforms can be addressed to a large extent with 
already available guidance, they have some peculiarities or 
critical assurance points that are only specific for themselves. 
The applicant has to analyze for such platforms if any 
additional assurance objectives have to be taken care of.  

The demonstration that each objective is satisfied can be a 
very demanding endeavor. For that, the applicant usually needs 
the flexibility to use different kinds of methods to define a 
strategy which can be show sufficient.  

With our framework we want to provide a concept to 
connect the demonstration of assurance objectives directly with 
a new COTS assurance concept based on OPs and assurance 
cases. To bring them together we developed the following 
process steps: 

1. Choose the level on which the assurance 
objective has to be demonstrated. 

2. Assign the assurance objective to the relevant OP. 
3. Reformulate it to a conclusion. 
4. Demonstrate its satisfaction in the primary 

argument. 
5. Explain in the confidence argument how you 

reduce the uncertainty in the primary argument. 
 

Figure 4 shows as example how we integrated the 
assurance objective COTS-8 from the Notice of the Proposed 
Amendment [5]. It is about the mitigation of inadvertent 
alteration of critical configuration registers. According to our 
process at first it has to be decided if the assurance objective 
shall be demonstrated on the isolated COTS or on the 
LRU/board level. For our show case we assume that the COTS 
component includes a feature, like a CRC protection, to detect 
or mitigate inadvertent alterations of important registers. 
Because of that, the objective should be satisfied in the context 
of the isolated COTS component argument. 

As the second step, the relevant OP has to be identified to 
which the assurance objective should be allocated. Therefore, it 
is necessary to think about, how the relevance can be 
determined. The informal statements about what the OPs 
seeking to achieve, from Section III-B, are very helpful here. 
From them we concluded that COTS-8 constitutes a part of the 
desired behavior of the COTS component which have to be 
correctly transformed in the defined intended behavior of the 
COTS device. Since, one result of the demonstration of COTS-
8 will be requirements about how the COTS hardware should 
be configured. 

 

 
IsoCompIntent

COTS component defined intended 
behavior is correct and complete 
with respect to the desired behavior

MitAltConfRegPrim

Inadvertent alteration of critical configuration 
registers is sufficiently mitigated

PrimArgForIsoCompIntent

COTS component desired behavior is correctly and completely 
recorded in its defined intended behavior. 

ConfArgFoIsoCompIntent

Uncertainties in the correct transformation of the desired behavior to the 
defined intended behavior are sufficiently reduced 

DecompPrimConfIsoCompIntent

Decomposition in primary and confidence 
argument

ArgByCaOfInAlt

Argument by addressing all identified causes of inadvertent 
alteration for each critical configuration register

MitAltConfRegConf

Residual uncertainties about insufficient mitigation of 
inadvertent alteration of critical configuration registers are 
acceptable 

ConRef_1

NPA [5] COTS-8

 
Fig. 4. Example of integration of the assurance objective COTS-8 from the Notice of Proposed Amendment [5] 



At next, the assurance objective has to be reformulated to 
expressing a goal or conclusion whose content can be 
substantiated with an assurance case. This have to be done for 
the primary and confidence argument.  

In the primary argument of IsoCompIntent it has to be 
shown for many parts of the desired behavior, that they are 
completely and correctly recorded in the defined intended 
behavior. In the example in Figure 4 we considered only one 
assurance objective. The lonely square shaped like a diamond 
shall indicate, that also other assurance objectives have to be 
considered here. For COTS-8 the applicant has to define a 
strategy to demonstrate that it is addressed adequately. This is 
totally dependent on the selected COTS product and the 
context in which it shall be integrated. That is why, the rest of 
the primary argument is only outlined.  

Separated from the primary argument, the applicant have to 
show how the residual uncertainty about the demonstration of 
COTS-8 is sufficiently low. This have to be done in the 
confidence argument MitAltConfRegConf. 

IV. RELATED WORK AND DISCUSSIONS 

The concept of OPs is a topic that is under development. In 
parallel to this, the RESSAC (Re-Engineering and 
Streamlining the Standards for Avionics Certification) research 
project determined a prototype to examine how the OPs are 
applicable in a realistic environment3. In one case study about 
COTS AEH, it was included to demonstrate how a defined 
COTS assurance process can be applied to the OPs [22]. 
Unfortunately, results about the assessment with respect to the 
OPs are not included.  

In [8] G. Berthon used an assurance case approach to 
clearly express the need from the certification specification for 
COTS assurance and how this need can be demonstrated. He 
showed that his proposed approach has similarities with the 
OPs but did not further elaborate with this relation. 

A. Weaknesses of assurance cases 

When using assurance cases there are certain things that 
have to be treated carefully. First of all, it takes long time to 
understand structured argumentation and to find the right 
arguments. Bad structured arguments and false conclusions can 
lead to incorrect assurance of a system [16]. Furthermore, 
assurance cases cannot replace all prescriptive methods, they 
rather extend the prescriptive methods and help understand the 
use of them on a higher integration level. Established activities 
for safety-critical development still have to be performed. In 
addition, to be useful for the industry, engineers need to 
understand the structured argumentation, otherwise, there is a 
big risk assurance cases will not be used. The training of 
engineers in using assurance cases also need to be relatively 
short. We see the potential of using assurance cases and a 
process to explicitly argument for relevant objectives for 
COTS assurance, but it has to be introduced gradually and in 
an explanatory way. 

                                                           
3 The project repository is accessible under: 

https://github.com/AdaCore/RESSAC_Use_Case 

B. Selection of platforms 

The selection of different types of computer platforms in 
this article were mainly based on diverse architectures such 
that our framework could be tested in a broader sense rather 
than choosing the most emergent architectures for avionics at 
this time. But we know that heterogeneous platforms are 
becoming popular in other domains than avionics for 
dependable platforms, and that some approximate computing 
ideas are already discussed for certain avionics applications. 
The choice of an ISO 26262 developed microcontroller was 
mainly to show that some artefacts following such COTS 
components, e.g. the safety manual, indeed may help when the 
COTS assurance objectives in the avionics industry have to be 
evidenced. We have not studied any functional suitability for 
avionics for these ISO 26262 developed microcontrollers.   

V. CONCLUSIONS 

Today’s avionics systems frequently integrate COTS 
components, and in future they will rely even more on these 
devices. Since they are so inevitable for AEH the necessary 
assurance approach for such components has to keep pace with 
this trend.  

We are convinced that future concepts for COTS assurance 
have to consider their specific assurance challenges. In this 
paper we have proposed a concept which strive to be aligned 
with the Overarching Properties (OPs) that represents an 
innovative approach to certify avionics. It gives the applicant 
more flexibility to adapt the assurance task for the current 
project needs. We have shown how these OPs are applicable 
for COTS assurance and proposed that their demonstration 
should be done with an assurance case. To address these COTS 
specific assurance objectives with our concept, we devised a 
five-step process. This helps the applicant demonstrating the 
objectives in a way compliant with the OP approach. 

Our results are based on preliminary research since we have 
only added some COTS assurance objectives and not all. 
Furthermore, we have not considered all aspects of the OPs 
necessary for a complete case. We concentrated only on the 
tasks necessary to integrate the assurance objectives. 

We believe that our results are a way forward to address the 
assurance of future COTS-based computer platforms. We will 
continue working on representative examples to further 
develop our approach and examine in more detail how it can be 
applied in an industrial environment. 

REFERENCES 

 
[1] A. Schwierz and H. Forsberg, “Assurance case to structure COTS 

hardware component assurance for safety-critical avionics,” in 2018 
IEEE/AIAA 37th Digital Avionics Systems Conference (DASC), IEEE, 
2018, Electronic ISBN: 978-1-5386-4112-5. 

[2] RTCA, DO-254 Design Assurance Guidance for Airborne Electronic 
Hardware, 2000. 

[3] SAE Aerospace, ARP4754A: Guidelines for Development of Civil 
Aircraft and Systems , Rev. A, 2010. 

[4] EASA, “EASA CM - SWCEH - 001 Development Assurance of Airborne 
Electronic Hardware,” EASA, Issue 1, Rev. 2. 2018. 



[5] EASA, Notice of Proposed Amendment 2018-09, “Regular update of 
AMC-20:AMC 20-152 on Airborne Electronic Hardware and AMC 20-
189 on Management of Open Problem Reports,” TE.RPRO.00034-006. 

[6] A. Schwierz and H. Forsberg, “Assurance Benefits of ISO 26262 
Compliant Microcontrollers for Safety-Critical Avionics,” 37th 
International Conference on Computer Safety, Reliability, & Security, 
2018, pp. 27-41. 

[7] Origin Consulting, GSN Community Standard Version 1 , 2011. 

[8] G.-A. Berthon, “A Structured Assurance Case for Commercial Off-The-
Shelf (COTS) Airborne Electronic Hardware (AEH),” SAE Technical 
Paper 2018-01-1939, 2018, doi:10.4271/2018-01-1939. 

[9] J. Wlad, Verocel, “Certification initiatives ongoing for unmanned 
aircraft systems,” Military Embedded Systems, April 26th, 2018. 

[10] W-m. Whu, Heterogeneous System Architecture: a New Compute 
Platform Infrastructure. First edition, Amsterdam, Netherlands: Morgan 
Kaufmann, 2016. Print. 

[11] H. Houcine, L. T. Yang, J. Xue, and E. Villar “Special Issue on: 
Heterogeneous Architectures for Cyber-Physical Systems 
(HACPS),” Microprocessors and Microsystems, vol. 52, pp. 333–334, 
2017. 

[12] M. Ammar Ben Khadra, “An Introduction to Approximate Computing,” 
arXiv:1711.06115v2, 2017. 

[13] V. Leon, G. Zervakis, S. Xydis, D. Soudris, and K. Pekmestzi “Walking 
through the Energy-Error Pareto Frontier of Approximate 
Multipliers,” IEEE Micro vol. 38, no. 4, pp. 40–49, 2018. 

[14] G. A. Berthon, L. H. Mutuel, and C. Marchand, DOT/FAA/TC-xx/xx: 
Final Report for System-Level Assurance of Airborne Electronic 
Hardware, FAA, 2017. 

[15] D. Rinehart and J. Knight, “Understanding what it means for assurance 
cases to “work””, NASA, Tech. Rep. NASA/CR{2017-219582, 2017. 

[16] M. Holloway, Understanding Assurance Cases: An Educational Series 
in Five Parts, NASA, 2015. [Online]. Available: 
https://shemesh.larc.nasa.gov/arg/uac-all5.pdf [Accessed: 2019-07-08]. 

[17] HSA Foundation. [Online]. Available: http://www.hsafoundation.com/ 
[Accessed: 2019-07-08]. 

[18] Civil Aviation Authority, “Air traffic services safety requirements,” 
CAP670, Safety Policy, 3rd Issue, Amendment 1/2019, 1 June 2019. 

[19] M. C. Holloway, DOT/FAA/TC-xx/xx: Understanding the overarching 
properties: first steps, Limited release document, September 2018. 

[20] A. Agrawal et al., “Approximate computing: Challenges and 
opportunities,” 2016 IEEE International Conference on Rebooting 
Computing (ICRC), San Diego, CA, 2016, pp. 1-8. 

[21] J. Chelini, J. Camus, C. Comar, D. Brown, A-P. Porte, M. de Almeida, 
and H. Delseny, “Avionics Certification: Back to Fundamentals with 
Overarching Properties,” ERTS 2018, Jan 2018, Toulouse, France, hal-
02156109. 

[22] M. De Almeida, et al., ”To provide a process for COTS AEH, ready to 
apply Overarching Properties (OPs).,” RESSAC Case Study, Rev. 0, 
NT-2018-037. 

[23] M. Samadi, D. A. Jamshidi, J. Lee, and S. Mahlke, “Paraprox: Pattern-
based approximation for data parallel applications,” in ACM SIGPLAN 
Notices, vol. 49, no. 4, Feb., pp. 35-50, 2014. 

[24] RTCA, DO-178C - Software Considerations in Airborne Systems and 
Equipment Certification, 2011. 

[25] C. M. Holloway and P. J. Graydon, DOT/FAA/TC-17/67: Explicate ‘78: 
Assurance Case Applicability to Digital Systems, FAA, 2018. 

[26] R. Hawkins, T. Kelly, J. Knight, and P. Graydon, “A New Approach to 
creating Clear Safety Arguments”, in Advances in Systems Safety, C. 
Dale and T. Anderson, Eds., Springer London, pp. 3–23, 2011, ISBN: 
978-0- 85729-132-5. 

 

 

 



<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 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 /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 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 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


