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EXECUTIVE SUMMARY 

This paper acknowledges the widely accepted definition of a digital thread as a 
traceable flow of data and information, pertaining to the whole life cycle of a product, which 
spans across several network boundaries owned by different organisations. The use of 
model-centric systems, which store data and information in queryable models rather than 
conventional digital documents, is widely recognised as a more efficient and reliable 
approach for implementing and deploying a digital thread. However, the development and 
deployment of such systems need significantly more resources compared to conventional 
document-based solutions. Although these solutions have the potential to construct resilient 
digital threads, more investment in infrastructure is necessary to allow the seamless transfer 
of data and metadata across network boundaries, while ensuring the preservation of the 
information when being shared. 

This research investigates the use of hashing techniques for file content verification. It 
examines how this method can help maintain the original design intention of technical data 
packs when shared amongst stakeholders over different network boundaries. In the context 
of this report, network boundaries are defined as the limits of a digital network owned by 
different organisations, delineating the extent of a network’s reach and control (defined by 
technical constraints, security protocols, and organisational policies). Furthermore, the 
notion of software interoperability is also regarded as crucial for the establishment of a 
taxonomical vocabulary aimed at facilitating communication among various stakeholders. 

The combined use of these two concepts offers a robust framework for the examination 
and authentication of data transmission pathways within the digital testbed offered by the 
Connected MBEE Testbed. This framework aims to accurately simulate the real-world 
context of supply chain integration involving multiple organisations. The aforementioned 
objective is accomplished by employing the file content verification technique, which enables 
a more efficient evaluation of the pathways through which data is transferred.  Additionally, 
the examination of a software interoperability matrix showcases its potential for integration 
with a Digital Minimum Standards assessment to aid with the classification of third-party 
suppliers based on their capabilities, facilitating their integration with supply chains. 

In summary, this report outlines two primary characteristics that facilitate the 
establishment of a document-centric digital thread throughout numerous organisations: data 
transfer and software interoperability. Additionally, it offers guidance on the creation of a tool 
that facilitates the active examination and evaluation of data transfers, as well as the 
preservation of design intent. Furthermore, it establishes the foundation for a methodology to 
address the problem of software interoperability within the framework of supplier 
classification. 



NPL Report MS 51



NPL Report MS 51  

Page 1 of 12 

INTRODUCTION 

There are various interpretations regarding the concept of a Digital Thread and its 
components across different application areas. Nevertheless, it is widely acknowledged that 
the term refers to the traceable flow of data and information pertaining to the life cycle of a 
product, encompassing its design, manufacturing, and even post-deployment evaluation of 
performance (1).  

Within the framework of the Connected Model Based Enterprise Environment (MBEE) 
Flagship (2), the concept of a Digital Thread holds significance as it offers the potential to 
describe a network of interconnected primes and their corresponding third-party suppliers. 
Here the term “primes” is used to refer to the main organisations in a supply chain network, 
which are typically larger companies that have significant influence over the supply chain 
itself due to their size, resources, or strategic positions. 

The primes operate within independent digital networks, each delineated by its own set 
of "network boundaries." These boundaries serve to define the reach and authority of a 
network, typically established based on technical limitations, security measures, and 
organisational rules. The transmission of data and information across network borders is a 
continuous process that occurs during the whole lifespan of a product, creating a cohesive 
entity referred to as a "Digital Thread". The hindrance of this flow might arise from disparities 
in data formats, software systems, and security protocols across diverse networks.  

The description and comprehension of such systems enables a smooth integration of 
numerous autonomous supply chains, perhaps incorporating a mechanism for automatically 
documenting the reliability, variability, and quality of shared data and information. This 
feature enables a streamlined approach for efficiently and verifiably updating modifications 
on files that are shared among multiple individuals facilitating the process of version 
controlling documentation. Moreover, it can be utilised for the purpose of problem 
identification, such as the detection of data degradation sources, and facilitating their prompt 
resolution.  

Despite the advantages offered by a well-established Digital Thread, whose conceptual 
representation is shown in Figure 1, it frequently embodies an idealised framework that 
interconnects numerous entities, posing significant challenges in terms of feasibility, given its 
predominantly model-centric design. The term "model-centric" in this particular context refers 
to the concept that data and information are contained within a model, allowing for querying 
and retrieval. This stands in contrast to traditional platforms that primarily rely on file and 
document exchange. The primary advantage is in the immediate propagation of updates 
through the model, hence eliminating any concerns around inadvertent use of outdated or 
deprecated data. Furthermore, the process of segregating information becomes significantly 
more manageable, facilitating the obfuscation of sensitive and confidential data while 
enabling the dissemination of other information fragments. This task is often intricate when 
sharing documents through conventional methods, as it is complicated by the challenges 
posed by redaction procedures. 

The realisation of such a system necessitates substantial investments of time and 
money, as well as significant operational changes deriving from the change from file-centric 
to model-centric systems, for its successful creation and execution. 
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Figure 1 - Conceptual representation of a Digital Thread: Each sphere represents its own 
organisation and the confines of its network boundaries. Interconnectivity between spheres 
shows communication pathways enabaled by digital thread. This overlap enables information 
and data sharing to be seamless and metadata to be traceable over different networks. 

Taking into consideration the aforementioned factors, the concept of a regulated file-
oriented data transfer platform, employing readily available technologies, which facilitates the 
interconnection of numerous systems, presents an attractive solution due to its ability to also 
maintain process records without the need for such drastic changes. These records possess 
the capability to retain metadata pertaining to the integrity, variability, and quality of data and 
files. This metadata can be utilised to monitor alterations, identify errors, and determine the 
origins of data degradation, and in turn be used to facilitate the prompt dissemination of 
updated versions of files across various supply chains or rectify any identified error sources. 

Nevertheless, it is important to note that any system, including the one mentioned in the 
previous paragraph, has its own set of prerequisites, and necessitates specific validation 
procedures. These procedures are crucial in guaranteeing that the data and information 
remain identifiable and maintain their integrity during the process of being transferred across 
network boundaries, which serve as the separation between the networks of the involved 
companies. The focal points addressed in this work are aimed at answering the questions 
surrounding the validation of data integrity and content during transfers across network 
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boundaries, as well as the assurance of universal accessibility and editing capabilities of 
relevant file types for all organisations involved. 

This work discusses the development and implementation of a validation tool that 
enables the verification of file contents. Specifically, the tool allows for the comparison of an 
original file with a duplicate that has been transmitted across a network boundary, in order to 
assess any alterations to their integrity. Additionally, this work gives a compilation of findings 
pertaining to file interoperability, specifically focusing on the capacities of three distinct 
Computer-Aided Design (CAD) software packages to successfully open and read 
specific design features. Furthermore, a comparative analysis will be conducted between 
these factors and the corresponding criteria outlined in the ISO and ASME Standards for 
compliance checking. The ability to verify, and potentially automate the verification of, file 
changes across network boundaries, along with a reference guide for software 
interoperability, are two essential tools for ensuring the successful implementation of a file-
centric Digital Thread. 

OVERVIEW OF THE TESTBED 

Prior to delving into the procedure established for validating changes to file contents or 
the software interoperability matrix, it is fundamental to provide an overview of the testbed in 
which the procedure will be implemented.  

Figure 2 illustrates the implementation and use of the Digital Thread Testbed within the 
framework of the Connected MBEE hub and has been adapted from work developed within 
the scope of the flagship. The system consists of two prime networks, one of which includes 
an additional controlled access network, as well as three supplier networks. Design files can 
be originated from any of the networks and are processed using different CAE software.  

These files are then transmitted to other networks over the described pathways, where 
they are opened, and maybe further modified, using CAE software that differs from the one 
first employed for their creation. Subsequently, the files and data are subjected to a reverse 
conversion procedure, restoring them to their initial forms, and returned to their origins for the 
purpose of verification and validation. The aim is to ensure that the original design intent 
remains unaltered throughout the entirety of the process. Furthermore, various Process 
Lifecycle Management (PLM) systems are used within the different networks to conduct 
additional assessments on process interoperability. 

Figure 2 – Schematic overview of the Digital Thread Tesbed used in the Connected MBEE hub. 
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Various data formats are encompassed under the scope of Digital Thread testing. These 
are design-specific file types, such as Siemens NX, Catia, SolidWorks, STEP and JT. 
Additionally, there are more conventional file types that form the accompanying 
documentation, such as Word, Excel, CSV, and PDF. The technical data pertaining to a 
specific design is commonly transferred collectively as a package of multiples of these files 
and is often compressed for the purpose. 

The testbed incorporates many networks that use distinct PLM and CAE software. This 
configuration aims to replicate a practical cooperation setting encompassing diverse supply 
chains. Therefore, it is crucial to assess the interoperability capabilities and constraints of the 
software used, in addition to the capacity for data exchange and management of the testbed 
itself. This evaluation should extend beyond merely identifying changes in file contents, 
hence the need for an interoperability matrix such as the one discussed in this work. 

FILE CONTENT VERIFICATION 

In the process of uploading or transferring files across network boundaries, it is common 
for the method of transfer to be obscured. In fact, several platforms, and PLM systems, 
employ a procedure where they extract the contents of files and reconstruct the files on the 
receiving end on the other side of the network boundary. This process often results in the 
loss of some, or even all, metadata attributes attached to the files. Consequently, these 
metadata cannot always be used for validation purposes. Nevertheless, it is important to note 
that design intent is primarily associated with the contents of a file rather than its metadata. 
Therefore, this approach of file verification is considered to be more resilient compared to a 
straightforward verification of metadata properties. 

A simple software program was devised in order to authenticate changes made to the 
contents of transferred files. The provided solution uses the widely adopted Secure Hash 
Algorithm 1 (SHA-1) implemented as a standard library of the Python programming language 
(3; 4). This algorithm generates a hash value of 160 bits by processing the contents of a file. 
The resulting hash value is then shown to the user in the form of a string of 40 hexadecimal 
digits. The value of this string is dependent upon the contents of the file, meaning that files 
with identical contents will generate the same string regardless of their associated metadata 
attributes, such as authorship and dates of creation and modification. 

Figure 3 illustrates the validation method for the proposed verification algorithm. In order 
to verify the efficacy of the approach, a technical technical data pack, containing a design file 
and its corresponding documentation was duplicated and thereafter subjected to deliberate 
alterations: a modification to the design file itself as well as to each of the accompanying 
documentation files; the removal of a file; and the addition of a file.  

The conducted tests have provided evidence that the algorithm had the capability to 
identify changes properly and correctly in the content of files, irrespective of the specific file 
format being processed. Furthermore, a comparative analysis conducted using an unaltered 
version of the original technical data pack yielded no discernible changes, aligning with the 
anticipated outcome. Finally, the software was designed to generate a log file that includes 
timestamps and descriptions of identified changes arising from comparison operations, 
serving the purpose of maintaining a comprehensive testing record.  

The suggested procedure demonstrates an efficient, straightforward, and cost-
effective approach to accelerate the verification process of data transmission pathways on 
the previously illustrated testbed (Figure 2). This method is then capable of identifying any 
authorised or unauthorised changes to file contents that may impact the original design 
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intent. Moreover, the ability to execute such an activity programmatically also presents 
opportunities for greater automation in the future.   

Figure 3 - Validation framework for the file checking algorithm. Pre-established files are 
inserted into a technical data pack, which is copied and selectively modified to replicate data 
changes, either degradation or intentional, over transfers. The algorithm is then applied to 
detect all changes on replicated files.  

SOFTWARE INTEROPERABILITY 

Ensuring the accessibility of data and information to all relevant actors is also a crucial 
element in constructing a continuous digital thread.  Within the framework of supply chain 
integration, it is primarily imperative to ensure the preservation of the design intent of 
transferred files. Hence, ensuring seamless integration across multiple supply chains 
requires demonstrating the capabilities of commonly used software packages, as it is certain 
that players involved possess different software packages for opening and handling 3D 
design files. Moreover, it is important to consider the element of compliance. As stated in our 
earlier report titled "Model Based Definition – Recommendations for Supply Chain 
Integration," standards have a significant impact on determining optimal practices within the 
industry, and adherence to their guidelines frequently enhances interoperability between 
different systems (5).  

The Connected MBEE technical team, under the leadership of the National Composites 
Centre (NCC), conducted an assessment to compare the feature creation capabilities of 
three widely used software packages, these being CATIA V5R30, NX1973, and SolidWorks 
2020, with each other and with the requirements defined by standards created by the two 
major standards bodies in this area (ISO and ASME). The exercise also considered the 
dichotomy between machine readability and human readability of the features. 

In this exercise, a comprehensive collection of 84 Project Manufacturing Information 
(PMI) elements was considered. Among these, 58 features are included as per ISO 
standards and 56 features as per ASME standards in 3D designs in order to adhere to the 
regulations set forth by the respective standard bodies. Among the three software packages 
that were examined, CATIA demonstrated the ability to generate 80% of the features, NX 
exhibited the ability to generate 92% of the features, and SolidWorks displayed the ability to 
generate 57% of the features. Lastly, it is worth noting that among the complete range of 
features, a total of 61 may be processed by machines, but the remaining features can only 
be comprehended by humans. The full list of tables, along with the results can be found 
attached at the end of the document as supporting information in Table 1 in the Appendix. 

Although this existing iteration of the interoperability matrix is somewhat restricted, as it 
solely focuses on selected software packages and versions, it presents an opportunity for the 
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creation and establishment of an extensive vocabulary. This vocabulary could be used to 
promptly evaluate supplier capabilities, specifically in terms of their accessible tools and 
processes, thereby promptly determining their potential for integration within the supply 
chain. 

DIGITAL MINIMUM STANDARDS 
A Digital Minimum Standards (DMS) framework has undergone thorough validation and 

has been employed to assess the capabilities of their suppliers (6). The use of this 
interoperability matrix, in conjunction with the DMS, can establish a solid foundation for the 
development of a systematic taxonomy that enables the evaluation and categorisation of 
supplier capabilities. For instance, using the aforementioned software packages and their 
respective versions as an example, one can categorise them based on their distinct design 
capabilities such as CAD and CAM. Additionally, these software packages can also be 
classified according to their design types, such as 3D or 2D, to provide further specificity. 
The implementation of a structured framework, as illustrated by Figure 4, would facilitate the 
efficient evaluation of capabilities and the categorisation of suppliers based on those 
capabilities. Furthermore, this framework has the potential to serve as a valuable tool in the 
field of cybersecurity, enabling the quick addressing of software and version specific 
vulnerabilities found. 

Figure 4 - Example structure of a taxonomical vocabulary for the quick identification and 
assessment of supplier capabilities and classification. 

It is important to acknowledge that the taxonomic structure that has been discussed thus 
far consists of work in development and that the illustration in Figure 4 is merely 
representative of such a system. Such a framework has the potential to drive the creation of 
a data model for the identification of supplier capabilities, facilitating the integration of third-
party suppliers into a supply chain. 

CONCLUSIONS 

This report examines the necessary criteria for implementing a file-centric digital thread-
enabled supply chain system. There are two crucial factors that are essential for the 
successful execution of this undertaking. Firstly, it is critical to ensure the integrity of file 
transmission pathways in order to preserve the design intent during the transmission process 
across interconnected supply chains, without any loss or deterioration. Secondly, it is 
necessary to evaluate the software interoperability to ensure effective communication of the 
design intent among all relevant stakeholders. 
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In order to tackle the first of these aspects, this work presents a straightforward software 
solution that relies on the SHA-1 procedure, as implemented in the Python programming 
language, to authenticate that there have been no changes in file contents during the transfer 
process. These changes can occur either deliberately, as a result of planned design 
adjustments, or inadvertently, which may result in a misinterpretation of the design intent. 

The investigation of the second part involved a collaborative exercise that sought to 
evaluate the capacities and constraints of widely used design software packages in 
generating PMI characteristics. The generated interoperability matrix offers an initial 
assessment of software interoperability and its ability to adhere to standards, such as those 
created by ISO and ASME. However, its primary value lies in its potential to contribute to the 
creation of an organised vocabulary for efficiently evaluating and categorising supplier 
capabilities. 

FUTURE WORK 

The main focus of future work should primarily be the extensive incorporation of the 
software interoperability matrix with the DMS assessment, that was briefly outlined in this 
report. The use of a structured vocabulary offers advantages not just in terms of promptly 
evaluating and categorising suppliers, but also in terms of its potential to be applied across 
other sectors. For instance, the ability to promptly identify all suppliers using certain software 
versions facilitates the potential mitigation of cyber-security threats in the event of 
vulnerabilities that are software- and version-specific being detected. Moreover, use of a 
controlled vocabulary allows for the streamlined evaluation of data and information obtained 
from DMS assessments. This, in turn, facilitates the development of a comprehensive data 
model, which enhances the understanding of the necessary requirements for achieving 
complete supply chain integration. 
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APPENDIX 

Table 1 - PMI features comparison matrix for common CATIA, NX and SolidWorks versions as 
developed and assessed in the Connected MBEE Hub. 

FEATURE  STANDARDS  CAD CREATION CAPABILITY 

ISO  ASME  CATIA V5R30  NX1973  SolidWorks 
2020 

3D GEOMETRY  Y  Y  Y  Y  Y 

LINEAR DIMENSION  Y  Y  Y  Y  Y 

RADIAL DIMENSION  Y  Y  Y  Y  Y 

ANGULAR DIMENSION  Y  Y  Y  Y  Y 

HOLE & THREAD CALLOUT  Y  Y  Y  Y  Y 

CHAMFER DIMENSION  Y  Y  Y  Y  N 

ORDINATE DIMENSION  N  Y  Y  Y  N 

THICKNESS DIMENSION  N  Y  N  Y  N 

ARC LENGTH DIMENSION  Y  Y  Y  Y  N 

NOTE ANNOTATION  Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME ANNOTATION 

Y  Y  Y  Y  Y 

DATUM FEATURE 
SYMBOL ANNOTATION 

Y  Y  Y  Y  Y 

SURFACE FINISH 
ANNOTATION 

Y  Y  Y  Y  Y 

DATUM TARGET 
ANNOTATION 

Y  Y  Y  Y  Y 

WELD SYMBOL 
ANNOTATION 

Y  Y  N  Y  Y 

BALLOON ANNOTATION  Y  N  Y  Y  Y 

SUPPLEMENTAL REGION  N  N  Y  Y  N 

SUPPLEMENTAL CENTRE 
MARK 

Y  N  N  Y  Y 

SUPPLEMENTAL 
CENTRELINE 

Y  N  Y  Y  Y 

SUPPLEMENTAL BOLT 
CIRCLE CENTRELINE 

Y  N  Y  Y  N 

SUPPLEMENTAL SECTION 
VIEW 

Y  N  Y  Y  Y 

SUPPLEMENTAL TABLE  Y  Y  Y  Y  Y 

CUSTOM SYMBOL (I.E 
DELTA/FLAG NOTE) 

Y  N  Y  Y  Y 

COMPOSITES PLY 
BOUNDARIES 

N/A  N/A  Y  Y  N 

COMPOSITES LAYUP 
SEQUENCE 

N/A  N/A  Y  Y  N 
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COMPOSITES 
ORIENTATIONS (IE PLY 
ORIENTATION) 

N/A  N/A  Y  Y  N 

COMPOSITES MATERIAL 
NAME 

N/A  N/A  Y  Y  N 

COMPOSITES MATERIAL 
THICKNESS 

N/A  N/A  Y  Y  N 

COMPOSITES MATERIAL 
ROLL WIDTH 

N/A  N/A  Y  Y  N 

COMPOSITES ROSETTE  N/A  N/A  Y  Y  N 

COMPOSITES CORE  N/A  N/A  Y  Y  N 

FEATURE CONTROL 
FRAME‐FORM‐
STRAIGHTNESS 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐FORM‐FLATNESS 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐FORM‐
CIRCULARITY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐FORM‐
CYLINDRICITY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐PROFILE‐PROFILE 
OF A LINE 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐PROFILE‐PROFILE 
OF A SURFACE 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐ORIENTATION‐
ANGULARITY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐ORIENTATION‐
PERPENDICULARITY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐ORIENTATION‐
PARALLELISM 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐LOCATION‐
POSITION 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐LOCATION‐
CONCENTRICITY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐LOCATION‐
SYMMETRY 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐RUNOUT‐
CIRCULAR RUNOUT 

Y  Y  Y  Y  Y 
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FEATURE CONTROL 
FRAME‐RUNOUT‐TOTAL 
RUNOUT 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐MAXIMUM 
MATERIAL 
BOUNDARY/CONDITION 

Y  Y  Y  Y  y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐LEAST MATERIAL 
BOUNDARY/CONDITION 

Y  Y  Y  Y  y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐TRANSLATION 

N  Y  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐PROJECTED 
TOLERANCE ZONE 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐FREE STATE 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐TANGENT PLANE 

N  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐UNEQUALLY 
DISPOSED PROFILE 

N  Y  N  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐INDEPENDENCY 

N  Y  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐STATISTICAL 
TOLERANCE 

N  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐CONTINUOUS 
FEATURE 

Y  Y  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐DIAMETER 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐SPHERICAL 
DIAMETER 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐RADIUS 

Y  Y  Y  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 

Y  Y  Y  N  N 
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SYMBOL‐SPHERICAL 
RADIUS 
FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐CONTROLLED 
RADIUS 

Y  Y  Y  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐SQUARE 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐REFERENCE 

N  Y  Y  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐ARC LENGTH 

Y  Y  N  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐DIMENSION 
ORIGIN 

Y  Y  N  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐BETWEEN 

Y  Y  Y  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐ALL AROUND 

N  Y  N  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐ALL OVER 

N  Y  N  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐DEGREE 

N  N  Y  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐RECIPROCITY 

N  N  Y  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐MODIFIER A 

N  N  Y  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐FOR 
ORIENTATION 
CONSTRAINT ONLY 

N  N  Y  N  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐MINIMAX 
FEATURE 

Y  N  Y  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐LEAST SQUARES 
FEATURE 

Y  N  Y  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 

Y  N  Y  Y  N 
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SYMBOL‐MINIMUM 
CIRCUMSCRIBED FEATURE 
FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐MAXIMUM 
INSCRIBED FEATURE 

Y  N  Y  Y  N 

FEATURE CONTROL 
FRAME‐AXIS 
INTERSECTION 

N  N  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐REGARDLESS OF 
FEATURE SIZE 

Y  Y  N  Y  Y 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐FLAG 

N  N  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐DATUM 

Y  N  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐DOT 
TERMINATED 

N  N  N  Y  N 

FEATURE CONTROL 
FRAME‐MODIFYING 
SYMBOL‐ENVELOPE 

Y  N  N  Y  N 

BASIC (BOXED) 
DIMENSIONS 

Y  Y  Y  Y  Y 

LINEAR FEATURE 
TOLERANCE (BILATERAL 
TOLERANCE) 

Y  Y  Y  Y  Y 

LINEAR FEATURE 
TOLERANCE (UNILATERAL 
TOLERANCE) 

Y  Y  Y  Y  Y 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




