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Preface 

 

The Range Commanders Council (RCC) Data Sciences Group determined in RCC SR-

22-004, Interface Control Document Standards Investigation,1 that DoD test ranges will achieve 

significant cost avoidance by defining an RCC Interface Control Document (ICD) standard. An 

important prerequisite for defining an effective RCC ICD standard is conducting an Analysis of 

Alternatives (AoA) upon the candidate solutions identified in RCC SR-22-004. This report 

documents the results of this ICD AoA in support of defining an RCC ICD standard. 

For questions about this document, please contact the Range Commanders Council 

Secretariat. 

Secretariat, Range Commanders Council 

ATTN: TEWS-EDR 

1510 Headquarters Avenue  

White Sands Missile Range, New Mexico 88002-5110  

Telephone: (575) 678-1107, DSN 258-1107 

E-mail: rcc-feedback@trmc.osd.mil 

 

  

 

1 Range Commanders Council. Interface Control Document Standards Investigation. RCC SR-22-004. June 2022. 

May be superseded by update. Retrieved 24 May 2024. Available at https://www.trmc.osd.mil/wiki/x/JhBJCg. 

mailto:rcc-feedback@trmc.osd.mil
https://www.trmc.osd.mil/wiki/x/JhBJCg
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1. Purpose 

This document conducts an Analysis of Alternatives (AoA) upon the candidate solutions 

identified in the Range Commanders Council (RCC) Special Report SR-22-004. This AoA is an 

intermediate step toward the development of an RCC Interface Control Document (ICD) 

standard that will enable the DoD and range community to “achieve significant cost avoidance 

and be able to develop software with fewer bugs on shorter timelines”. (RCC SR-22-004, p. 1) 

2. Methodology 

The methodology used for this AoA is a simplified implementation of the process 

detailed in the USAF Analysis of Alternatives (AoA) Handbook2. Subsection 7.5.1 of that 

handbook provides the measure rating scale, analysis details tables, and the analysis summary 

table employed in this AoA. 

The RCC’s Data Sciences Group selected a subset of its membership considered to be 

ICD subject matter experts (SMEs) as committee members for both conducting this AoA and 

authoring this report. The committee first identified the evaluation criteria and the candidate 

solutions based upon SR-22-004. The committee then rated each candidate solution using the 

evaluation criteria based upon either their experience using a given candidate solution or their 

research on the documentation available for a given candidate solution. Finally, the committee 

summarized the evaluation results and provided a recommendation for creating an RCC ICD 

standard. 

3. Criteria 

Table 1 gives the measures of effectiveness (MOEs) and the evaluation criteria for each. 

The AoA committee deliberately tried have objectively measurable MOE criteria. MOE 1 

through MOE 12 are derived from and map to the requirements specified in RCC SR-22-004 

Section 2.1. MOE 13 through MOE 18 are additional requirements not specified in RCC SR-22-

004. 

Table 1. Measures of Effectiveness 

ID # Description Criteria (T=Threshold, O=Objective) 

1 Machine-Readable and Human-Readable 
(SR-22-004, Sections 2.1.1.b-c) 

T = Based on XML or YAML or JSON 
O = T 

2 Digital Message  Formats 
(SR-22-004, Section 2.1.1.a; MIL-STD-6016 
not identified in SR-22-004) 

T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-
6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, 
RS-232, RS-422, ARINC-664 

3 Non-Numeric Data Types 
(SR-22-004, Sections 2.1.2.d-f) 

T = Bit, String 
O = T and: Enumeration 

 

2 Headquarters Air Force. Analysis of Alternatives (AoA) Handbook. 04 August 2017. Retrieved February 2024. 

Available at https://afacpo.com/AQDocs/AoAHandbook.pdf. 

https://afacpo.com/AQDocs/AoAHandbook.pdf
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Table 1. Measures of Effectiveness 

ID # Description Criteria (T=Threshold, O=Objective) 

4 Numeric Data Types: Integers 
(SR-22-004, Sections 2.1.2.a-b) 

T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-
bit, Signed 32-bit 
O = T and: Unsigned 64-bit, Signed 64-bit 

5 Numeric Data Types: Fixed-Point Reals3 
(SR-22-004, Sections 2.1.2.c, 2.1.6.a) 

T = Scaled 32-bit, Scaled 64-bit 
O = T 

6 Numeric Data Types: Floating-Point Reals4 
(SR-22-004, Sections 2.1.2.c, 2.1.6.b-f) 
 

T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-
1750A 32-bit, MIL-STD-1750A 48-bit 
O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, 
IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-bit 

7 Modulo Operations: Angles5 
(SR-22-004, Section 2.1.7) 

T = 360 degrees (0, 360), 180 degrees 
(−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

8 Data Alignment6 
(SR-22-004, Section 2.1.3) 

T = Bit packed, Byte aligned 
O = T 

9 Byte Ordering 
(SR-22-004, Section 2.1.4) 

T = Big Endian, Little Endian 
O = T and: Middle Endian7 

10 Engineering Unit Conversion Methods 
(SR-22-004, Section 2.1.5) 

T = Polynomial 
O = T and: Conversion types to be determined 

11 Message Metadata 
(SR-22-004, Section 2.1.8) 
 

T = Name (string), Description (string), Length 
(int) 
O = T and: Sub-Messages, Others pending future 
development of new message definitions 

12 Message Field Metadata 
(SR-22-004, Sections 2.1.9., 2.1.10) 

T = Name (string), Description (string), Bit Length 
(int) 
O = T and: Algorithm or formula for the 
encoding/decoding of field (string) 

13 Governance Approach 
(not identified in SR-22-004) 

T = NGS 
O = T 

14 Cross-Domain Solution Support 
(not identified in SR-22-004) 

T = XML or JSON 
O = DFDL 

 

3 RCC SR-22-004 Subsection 2.1.6 identifies “Scaled (multiplier)” as one type of floating point real. This is 

analogous to the “scaled_float” data type supported by the Elasticsearch product as documented in the Elasticsearch 

Guide [8.12], retrieved February 2024, available at 

https://www.elastic.co/guide/en/elasticsearch/reference/current/number.html. But given the “scaled_float” is a 

signed integer scaled by a fixed scaling factor it more accurately represents a fixed-point real rather than a floating-

point real. 
4 Range Commanders Council. “Floating Point Formats.” Appendix 9-D in Telemetry Standards. July 2023. May be 

superseded by update. Retrieved February 2024. Available at https://www.trmc.osd.mil/wiki/x/9AAGCg. 
5 Angles are just one example of a more general class of numbers that “wrap around” when reaching a modulus 

value. Another example is hours in a day. The modulo operation returns the remainder after dividing a given number 

by another number called the modulus of the operation. Tin the simplest case the remainder is non-negative, but if it 

can be negative then a “modulo with offset” operation can be used to correctly compute the remainder. 
6 Identified as “bit backing” in RCC SR-22-004 Subsection 2.1.3. 
7 DevX. “Middle-Endian – DevX Tech Glossary” webpage. Accessed February 2024. Available at 

https://www.devx.com/terms/middle-endian/. 

https://www.elastic.co/guide/en/elasticsearch/reference/current/number.html
https://www.trmc.osd.mil/wiki/x/9AAGCg
https://www.devx.com/terms/middle-endian/
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Table 1. Measures of Effectiveness 

ID # Description Criteria (T=Threshold, O=Objective) 

15 Document Structure Validation 
(not identified in SR-22-004) 

T = XML Schema Definition (XSD) (for XML) or 
JSON Schema (for YAML or JSON) 
O = T 

16 Unambiguous Parameter Name Definitions 
(not identified in SR-22-004) 

T = Names for ONE engineering discipline 
O = Names for TWO or more engineering 
disciplines 

17 Unambiguous Parameter Units Definitions 
(not identified in SR-22-004) 

T = International System of Units (SI)8 
O = Unified Code for Units of Measure (UCUM)9 

18 Documentation Availability 
(not identified in SR-22-004) 

T = Website with Example Code 
O = T and: Standard Specification 

 

By providing a machine-readable ICD format, it is important to recognize that MOE 1 

complies with DoD Instruction 5000.9710 policy, which directs the following. 

DoD will use digital engineering methodologies, technologies, and practices 

across the life cycle of defense acquisition programs, systems, and systems of 

systems to support research, engineering, and management activities. (5000.97, 

Section 1.2.a, p. 3) 

An important addition to MOE 2 that addresses digital message formats is the inclusion 

of MIL-STD-6016 with the threshold criteria. MIL-STD-6016 is the DoD Tactical Data Link 

(TDL) 16 Message Standard11, otherwise known as Link 16, whose purpose is described as 

follows. 

The purpose of MIL-STD-6016 is to describe the approved standards to 

achieve compatibility and interoperability between command and control and 

communications systems and equipment of United States (U.S.) and coalition 

military forces employed or intended to be employed in joint tactical 

operations. (Section 1.1.1, p. 1-1) 

To effectively support test and training events that better approximate actual warfighting 

scenarios involving multiple weapon platforms from multiple vendors, it is important to support 

the MIL-STD-6016 Link 16 message format so it is included with the MOE 2 criteria. 

 

8 National Institute of Standards and Technology. The International System of Units (SI). NIST Special Publication 

330. 2019 Edition. Retrieved February 2024. Available at 

https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.330-2019.pdf. 
9 Regenstrief Institute. Unified Code for Units of Measure (UCUM). Accessed February 2024. Available at 

https://ucum.org. 
10 Department of Defense. Digital Engineering. DoD Instruction 5000.97. 21 December 2023. Retrieved February 

2024. Available at https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/500097p.PDF. 
11 Department of Defense. Tactical Data Link (TDL) 16 Message Standard. MIL-STD-6016, Revision G. 08 July 

2020. Retrieved February 2024. Available at https://assistca.dla.mil/ (restricted access). 

https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.330-2019.pdf
https://ucum.org/
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/500097p.PDF
https://assistca.dla.mil/
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MOE 13 is a new requirement regarding the utilization of a non-government standard 

(NGS). This is to comply with DoD Instruction 4120.2412 policy, which directs the following. 

Prefer the use of non-government standards to the maximum practicable extent 

instead of developing and maintaining government specifications and 

standards as required by Section 12(d) of Public Law 104-113, unless the 

specifications or standards fall under one of the exceptions specified therein. 

(Section 1.2.b, p. 3) 

MOE 14 is a new requirement regarding support for cross-domain solution (CDS) 

implementations. This is to comply with National Security Agency (NSA) policy identified in 

the Cross Domain Solution (CDS) Design and Implementation Requirements:2023 Raise the Bar 

(RTB) Baseline Release13 document. The NSA CDS RTB baseline specifies the following 

requirements for XML and fixed format data14 (p. 36) filtering in a CDS. 

GXFFPR-7 The CDS should implement a Data Format Description Language 

(DFDL) parser and unparser to support normalization/denormalization of fixed 

format text and binary data into/out of XML. 

GXFFPR-7.1 The CDS should support “Data Format Description Language 

(DFDL) v1.0 Specification”, GFD-P-R.240, October 2020, Open Grid Forum 

or higher. (Section 12.2, p. 274) 

The NSA CDS RTB baseline also makes the following observation. 

A widely used implementation of normalization for fixed format text/binary 

file types is the use of Data Format Description Language with the Apache 

Daffodil™ parser. The normalized data format is usually XML but other forms 

like JSON and Efficient XML Interchange are also supported.15 (Section 

6.5.6.5, p. 81) 

The NSA CDS RTB also does not mention YAML. Although the NSA CDS RTB 

requirement for a CDS to support DFDL is a recommendation rather than a hard requirement, it 

is likely that CDS vendors will migrate toward this standard. If a significant amount of DoD test 

range data will be defined using the DFDL specification to support CDS operations, then using 

DFDL for an RCC ICD standard would minimize duplicative data description efforts. 

MOE 15 is a new requirement for document content validity. MOE 1 addresses document 

machine readability that ensures an ICD is “well formed” and can be properly parsed by a 

computer program into a data structure. But there is no guarantee this parsed data structure 

 

12 Department of Defense. Defense Standardization Program. DoD Instruction 4120.24. 31 March 2022. Section 

1.2.b, p. 3. Retrieved February 2024. Available at 

https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/412024p.pdf. 
13 National Security Agency, National Cross Domain Strategy and Management Office (NCDSMO). Cross Domain 

Solution (CDS) Design and Implementation Requirements: 2023 Raise the Bar (RTB) Baseline Release. Version 5.0. 

NCDSMO-R-00008-005_00. 15 February 2024. Section 12.2, p. 274. Retrieved February 2024. Available at 

https://intelshare.intelink.gov/sites/ncdsmo/SitePages/Home.aspx (restricted access). 
14 Fixed Format Data is defined as “This is a type of data that can be precisely defined and validated via a ruleset or 

schema.” 
15 Efficient XML Interchange (EXI) is a binary XML format that is not human readable, hence it was not considered 

as a candidate solution for this AoA. More information on EXI is available at https://www.w3.org/TR/exi/. 

https://intelshare.intelink.gov/sites/ncdsmo/SitePages/Home.aspx
https://www.w3.org/TR/exi/
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contains the required data in the expected format. MOE 13 ensures an ICD is “valid” and 

contains the required data in the expected format.16 

MOE 16 and MOE 17 are new requirements for standardized parameter names and units. 

Test and training events that better approximate actual warfighting scenarios involve multiple 

weapon platforms from multiple vendors, and performing effective data analysis on these events 

requires standardized parameter names and units that are weapon-agnostic and vendor-agnostic. 

MOE 18 is a new requirement for documentation availability. Although SME experience 

with a candidate solution is highly valuable, having readily available documentation on the 

solution including example data files is necessary for sustainability, and having access to the 

source code for the ICD parser implementations is desirable. 

The Measure Rating Scale used in this AoA to describe whether a given measure meets 

the specified criteria is given in Table 2. The AoA committee, comprised of ICD SMEs, 

provided the MOE ratings, which were based on the committee members’ personal experience 

with a given candidate solution or their personal research on the available documentation for a 

given candidate solution. The committee deliberately attempted to support MOE ratings by 

objectively verifiable reasons.  

Table 2. MOE Rating Scale 

Color Code Rating Category 

5 Met Objective 

4 Met Threshold 

3 Did Not Meet Threshold – Not a Significant Technical Shortfall 

2 Did Not Meet Threshold – Significant Technical Shortfall 

1 Inconclusive or Not Assessed 

4. Candidates 

Table 3 gives the candidate solutions. Candidates 1 through 3 are identified in RCC SR-

22-004. Candidates 4 and 5 are not identified in RCC SR-22-004, but they are included in this 

AoA because they are both relatively mature solutions in use at DoD test ranges and logistics 

installations for real-world weapon systems support that were not known to the authors of SR-

22-004 prior to its publication. 

Table 3. Candidate Solutions 

ID# Name Acronym 

1 Data Format Description Language 
(SR-22-004, Section 4) 

DFDL 

2 RCC 106 Chapter 23 – Metadata Configuration, or Metadata Description Language 
(SR-22-004, Section 5) 

MDL 

 

16 Refsnes Data. W3Schools website, “XML Validator” webpage. Accessed February 2024. Available at 

https://www.w3schools.com/xml/xml_validator.asp. This webpage provides a brief discussion on “well formed” 

versus “valid” documents. Although this in in relation to XML documents in particular, the concepts are 

generalizable to any text-based document that is both machine readable and human readable. 

https://www.w3schools.com/xml/xml_validator.asp
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Table 3. Candidate Solutions 

ID# Name Acronym 

3 Standard Parameter Classes 
(SR-22-004, Section 6) 

SPC 

4 Data Translation Specification 
(not identified in SR-22-004) 

DTS 

5 Canonical Form 
(not identified in SR-22-004) 

CNF 

 

One additional candidate solution considered was the XML Metadata Interchange (XMI) 

detailed in the Object Modeling Group Systems Modeling Language (SysML) Specification.17 

The rationale for considering XMI was to facilitate test and evaluation of digital twin models in 

concert with physical systems under test. However, the AoA committee members acknowledge 

their limited expertise with SysML and even more limited expertise with XMI. Although the 

members also have very limited expertise with Candidates 4 and 5, SMEs for each of these 

candidates are readily accessible by the DoD test range community, which is not the case with 

XMI. Hence, the ability to adequately analyze XMI within the schedule constraints of this AoA 

was not feasible and therefore XMI was not included. 

4.1. Data Format Description Language 

Table 4 summarizes the DFDL contact information. 

Table 4. DFDL Contact Information 

Developer: Open Grid Forum 

Website: https://ogf.org/ogf/doku.php/standards/dfdl/dfdl. Public Website 

 

The DFDL standard developed by the Open Grid Forum (OGF) is the first candidate 

identified in RCC SR-22-004. The DFDL standard is described as follows. 

DFDL is a language for describing data formats. A DFDL description enables 

parsing, that is, it allows data to be read from its native format and presented 

as a data structure called the DFDL Information Set or DFDL Infoset…DFDL 

also enables unparsing, that is, allows data to be taken from an instance of a 

DFDL information set and written out to its native format.  

DFDL achieves this by leveraging W3C [World Wide Web Consortium 

(W3C)18] XML Schema Definition Language (XSD) 1.0. An XML schema is 

written for the logical model of the data. The schema is augmented with 

special DFDL annotations and the annotated schema is called a DFDL Schema. 

The annotations are used to describe the native representation of the data. This 

approach of extending XSD with format annotations has been extensively used 

 

17 Object Modeling Group. OMG Systems Modeling Language (OMG SysML), Version 1.6. November 2019. Annex 

G: Model Interchange, pp. 365-369. Retrieved February 2024. Available at 

https://www.omg.org/spec/SysML/1.6/PDF. 
18 World Wide Web Consortium. “W3C” webpage. Accessed February 2024. Available at https://www.w3.org. 

https://ogf.org/ogf/doku.php/standards/dfdl/dfdl
https://www.omg.org/spec/SysML/1.6/PDF
https://www.w3.org/
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in commercial systems that predate DFDL. The contribution of DFDL for data 

parsing is creation of a standard for these annotations that is open, 

comprehensive, and vendor neutral. For unparsing DFDL does more to 

advance the state of the art by providing some capabilities to automatically 

compute fields that depend on the length or presence of other data. Prior-

generation data format technologies left this difficult task up to application 

logic to compute.19 

Table 5 gives an example DFDL Schema file fragment (DFDL v1.0 Specification, pp. 11-

12). 

Table 5. DFDL Schema File Fragment 

<xs:complexType> 

  <xs:sequence> 

    <xs:element name="w" type="xs:int"> 

      <xs:annotation> 

        <xs:appinfo source="http://www.ogf.org/dfdl/"> 

          <dfdl:element representation="binary" 

                    binaryNumberRep="binary" 

                    byteOrder="bigEndian" 

                    lengthKind="implicit"/> 

        </xs:appinfo> 

      </xs:annotation> 

    </xs:element> 

    <xs:element name="x" type="xs:int "> 

      <xs:annotation> 

        <xs:appinfo source="http://www.ogf.org/dfdl/"> 

          <dfdl:element representation="binary" 

                    binaryNumberRep="binary" 

                    byteOrder="bigEndian" 

                    lengthKind="implicit"/> 

        </xs:appinfo> 

      </xs:annotation> 

    </xs:element> 

    <xs:element name="y" type="xs:double"> 

      <xs:annotation> 

        <xs:appinfo source="http://www.ogf.org/dfdl/"> 

          <dfdl:element representation="binary" 

                    binaryFloatRep="ieee" 

                    byteOrder="bigEndian" 

                    lengthKind="implicit"/> 

        </xs:appinfo> 

      </xs:annotation> 

    </xs:element> 

    <xs:element name="z" type="xs:float" > 

      <xs:annotation> 

        <xs:appinfo source="http://www.ogf.org/dfdl/"> 

          <dfdl:element representation="binary" 

                    byteOrder="bigEndian" 

                    lengthKind="implicit" 

 

19 Open Grid Forum. GFD-R-P.240 Data Format Definition Language (DFDL) v1.0 Specification. Updated June 

2023. Retrieved February 2024. Section 1.2, pp. 10-11. Retrieved February 2024. Available at 

https://ogf.org/documents/GFD.240.pdf. 

https://ogf.org/documents/GFD.240.pdf
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Table 5. DFDL Schema File Fragment 

                    binaryFloatRep="ieee" /> 

        </xs:appinfo> 

      </xs:annotation> 

    </xs:element> 

  </xs:sequence> 

</xs:complexType> 

4.2. Metadata Description Language 

Table 6 summarizes the MDL contact information. 

Table 6. MDL Contact Information 

Developer: Range Commanders Council Telemetry Group 

Website: https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards. Public 
Website 

 

The MDL standard developed by the RCC Telemetry Group is the second candidate 

identified in RCC SR-22-004. The MDL standard is described as follows. 

This chapter defines the Metadata Description Language (MDL), which has a 

syntax that defines vocabulary and sentence structure, while the MDL 

semantics provide meaning. Using the MDL syntax and semantics, MDL 

instance documents can be created to describe telemetry systems. The 

descriptions may be used in various ways: to configure components, to predict 

the performance of the network, or to capture requirements for the telemetry 

system. Additionally, the MDL provides a common exchange language that 

facilitates the interchange of configuration information between telemetry 

system components. 

The MDL is described only as an eXtensible Markup Language (XML) 

schema. The MDL XML language schema consists of an XML schema 

document (XSD) file that defines the structure of valid MDL instance 

documents.20 

Table 7 gives an example MDL Schema file fragment (RCC 106-23, Chapter 23). 

Table 7. MDL Schema File Fragment 

<Measurement ID="Meas_AIRSPD"> 

  <Name>AIRSPD</Name> 

  <Description>Airspeed measurement</Description> 

  <MeasurementID>0x00000004</MeasurementID> 

  <MeasurementTypes> 

    <MeasurementType>DigitalBus</MeasurementType> 

  </MeasurementTypes> 

 

20 Range Commanders Council. “Metadata Configuration.” Chapter 23 in Telemetry Standards. RCC 106-23. July 

2023. May be superseded by update. Retrieved February 2024. Available at 

https://www.trmc.osd.mil/wiki/x/9AAGCg. 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards
https://www.trmc.osd.mil/wiki/x/9AAGCg
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Table 7. MDL Schema File Fragment 

  <MeasurementActive>true</MeasurementActive> 

  <ProperName>None</ProperName> 

  <DeliveryClass>FlightSafety</DeliveryClass> 

  <DataAttributes> 

    <BaseUnit>Counts</BaseUnit> 

    <DigitalAttributes> 

      <DataLength> 

        <ConditionParameter> 

          <ConditionOperation>==</ConditionOperation> 

          <ConditionValue>16</ConditionValue> 

          <BaseUnit>Bit</BaseUnit> 

        </ConditionParameter> 

      </DataLength> 

      <Endianness>BigEndian</Endianness> 

      <DigitalEncoding>TwosComplement</DigitalEncoding> 

      <DataRate> 

        <ConditionParameter> 

          <ConditionOperation>==</ConditionOperation> 

          <ConditionValue>50</ConditionValue> 

          <BaseUnit>Hertz</BaseUnit> 

        </ConditionParameter> 

      </DataRate> 

    </DigitalAttributes> 

  </DataAttributes> 

</Measurement> 

 

... 

 

<Function ID="AIRSPD_EU_CONV"> 

  <Name>Airspeed EU Conversion</Name> 

  <Description>TBD description</Description> 

  <InputCount>1</InputCount> 

  <UpdateFrequency>IfAll</UpdateFrequency> 

  <Polynomial> 

    <Numerator> 

      <Term> 

        <Coefficient>0.5</Coefficient> 

        <Exponent>1</Exponent> 

      </Term> 

    </Numerator> 

  </Polynomial> 

</Function> 

 

... 

 

<FunctionMapping> 

  <FunctionRef IDREF="AIRSPD_EU_CONV"/> 

  <InputMeasurements> 

    <InputMeasurement> 

      <MeasurementRef IDREF="Meas_AIRSPD"/> 

    <Variable>x</Variable> 

    </InputMeasurement> 

  </InputMeasurements> 

  <ResultMeasurements> 
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Table 7. MDL Schema File Fragment 

    <ResultMeasurement> 

      <MeasurementRef IDREF="Meas_AIRSPD-output"/> 

    </ResultMeasurement> 

  </ResultMeasurements> 

</FunctionMapping> 

4.3. Standard Parameter Classes 

Table 8 summarizes the SPC contact information. 

Table 8. SPC Contact Information 

Developer: Naval Air Warfare Center Aircraft Division (NAWCAD) Patuxent River 

Website: N/A 

 

The SPC library developed by NAWCAD Patuxent River is the third candidate identified 

in RCC SR-22-004. The SPC standard is described as follows. 

Developed as government off-the-shelf by the Atlantic Test Ranges, the SPC 

library is an application programming interface that provides an easy way for 

creating and interpreting data messages and parameters contained within those 

messages. Built in order to become more agile and responsive to evolving 

range requirements, SPC defines message and parameter content using a 

collection of XML files instead of using hardcoded data structures. These 

XML definitions can then be easily shared, managed, and utilized across 

various applications across the range. The SPC library is provided in C++ 

source code format and is written in a portable, cross-platform manner. 

Rather than a data transmission or network protocol, SPC is a serialization 

library that can be used in conjunction with other data transmission libraries. 

(SR-22-004, Section 6.1.) 

Table 9 gives an example SPC file fragment (SR-22-004, Section 6.2). 

Table 9. SPC File Fragment 

<SPMD> 

  <Message_Description> 

    <Name> Common TSPI Message </Name> 

    <SPMD_ID> 1 </SPMD_ID> 

    <Packing> ALIGNED </Packing> 

    <SPD> 

      <Tag> 0 </Tag> 

      <Name> Defaults </Name> 

      <Byte_Order> BIG_ENDIAN_ORDER </Byte_Order> 

    </SPD> 

  </Message_Description> 

  <SPDs> 

    <SPD><Tag> 2000 </Tag></SPD> 

    <SPD><Tag> 2001 </Tag></SPD> 

    <SPD><Tag> 2002 </Tag></SPD> 
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Table 9. SPC File Fragment 

    <SPD><Tag> 6675 </Tag> <Bit_Offset> 16 </Bit_Offset> </SPD> 

    <SPD><Tag> 6663 </Tag> <Bit_Offset> 15 </Bit_Offset> </SPD> 

    <SPD><Tag> 6664 </Tag> <Bit_Offset> 14 </Bit_Offset> </SPD> 

    <SPD><Tag> 6665 </Tag> <Bit_Offset> 13 </Bit_Offset> </SPD> 

 

... 

 

<SPD> 

  <Tag>6067</Tag> 

  <Name>Weapons Bay Left Inboard Flipper</Name> 

  <Bit_Length>64</Bit_Length> 

  <Data_Type>REAL</Data_Type> 

  <Byte_Order>BIG_ENDIAN_ORDER</Byte_Order> 

  <Bit_Order>NORMAL</Bit_Order> 

  <Unit_Category>UNITLESS</Unit_Category> 

  <Storage_Units>NONE_DEFINED</Storage_Units> 

  <Version>1</Version> 

  <Classification>UNRESTRICTED</Classification> 

  <Description></Description> 

  <Category>All</Category> 

  <C0>1</C0> 

  <C1>0</C1> 

  <Display_Precision>2</Display_Precision> 

  <Default_Units>NONE_DEFINED</Default_Units> 

  <Data_Min>0</Data_Min> 

  <Data_Max>0</Data_Max> 

  <Data_Color>000000</Data_Color> 

  <Caution_Min>0</Caution_Min> 

  <Caution_Max>0</Caution_Max> 

  <Caution_Color>ff0000</Caution_Color> 

  <Warning_Min>0</Warning_Min> 

  <Warning_Max>0</Warning_Max> 

  <Warning_Color>ffff00</Warning_Color> 

</SPD> 

4.4. Data Translation Specification 

Table 10 summarizes the DTS contact information. 

Table 10. DTS Contact Information 

Developer: USAF Extreme Digital Development Group Enterprise (EDDGE) Advanced 
Development, 309th Software Engineering Group (SWEG) 

Website: https://github.com/309thEDDGE/tip. Public Website 

 

The DTS developed by the USAF EDDGE 309th SWEG provides a standard format for 

ICD data required for their Translate Ingest Parse (TIP) software application. The TIP GitHub 

repositor describes it as follows.  

[TIP will] Parse IRIG 106 Chapter 10 and export to Parquet files as 

intermediate data stores. In a second stage, convert data in an intermediate data 

https://github.com/309thEDDGE/tip
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store to Engineering Units (EU, ft, m/s, etc.) given an input file which conveys 

Interface Control Document (ICD) data. 

To distinguish between various ICD formats used by different platforms and 

the specific input required by TIP, we have contrived a document called the 

Data Translation Specification (DTS). A DTS file is a YAML file with a 

schema specific to the packet type to which it is associated. 

The existence of a single DTS schema per bus/sub-packet type hints at the 

possibility of a universal schema for all ICDs of a given bus. The 

standardization of ICDs in a machine-readable format would solve many 

problems for groups which rely on the Chapter 10 format.21 

Table 11 gives an example DTS file fragment. 

Table 11. DTS File Fragment 

translatable_message_definitions: 

  msg_1: 

    msg_data: {command: [0, 49191], lru_addr: [0, 24], lru_subaddr: [0, 1], 

lru_name: [bus_controller_name, LRU_2], bus: bus_1, wrdcnt: 7, rate: 9.5, 

mode_code: False, desc: "LRU_2 TRANSPONDER MODE CONTROL"} 

    word_elem: 

      msg_1-01: {off: 0, cnt: 2, schema: SIGNED32, msbval: 16, desc: "MODE 

2", uom: "NONE", multifmt: False, class: 0} 

      msg_1-03: {off: 2, cnt: 2, schema: SIGNED32, msbval: 1024, desc: "MODE 

2", uom: "NONE", multifmt: False, class: 0} 

    bit_elem: 

      msg_1-0501: {off: 4, cnt: 1, schema: UNSIGNEDBITS, msbval: 16, desc: 

"MODE 2/B CODE BITS 1 TO 5", uom: "NONE", multifmt: False, class: 0, msb: 1, 

lsb: 5, bitcnt: 5} 

      msg_1-0506: {off: 4, cnt: 1, schema: UNSIGNEDBITS, msbval: 128, desc: 

"MODE 2/B CODE BITS 6 TO 13", uom: "NONE", multifmt: False, class: 0, msb: 

6, lsb: 13, bitcnt: 8} 

      msg_1-0514: {off: 4, cnt: 1, schema: UNSIGNEDBITS, msbval: 2, desc: 

"MODE 2/B CODE BITS 14 TO 15", uom: "NONE", multifmt: False, class: 0, msb: 

14, lsb: 15, bitcnt: 2} 

      msg_1-0516: {off: 4, cnt: 1, schema: UNSIGNEDBITS, msbval: 1, desc: 

"MODE 2/B CODE BIT 16", uom: "NONE", multifmt: False, class: 0, msb: 16, 

lsb: 16, bitcnt: 1} 

      msg_1-0601: {off: 5, cnt: 1, schema: UNSIGNEDBITS, msbval: 128, desc: 

"MODE 2/B CODE BITS 1 TO 8", uom: "NONE", multifmt: False, class: 0, msb: 1, 

lsb: 8, bitcnt: 8} 

      msg_1-0609: {off: 5, cnt: 2, schema: UNSIGNEDBITS, msbval: 128, desc: 

"MODE 2/B CODE BITS 9 TO 8", uom: "NONE", multifmt: False, class: 0, msb: 9, 

lsb: 8, bitcnt: 16} 

      msg_1-0709: {off: 6, cnt: 1, schema: UNSIGNEDBITS, msbval: 128, desc: 

"MODE 2/B CODE BITS 9 TO 16", uom: "NONE", multifmt: False, class: 0, msb: 

9, lsb: 16, bitcnt: 8} 

 

Table 12 gives an example DTS Schema file fragment. 

 

21 United States Air Force. “TIP” Public GitHub Repository. USAF EDDGE Advanced Development. Accessed 

February 2024. Available at https://github.com/309thEDDGE/tip. 

https://github.com/309thEDDGE/tip
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Table 12. DTS Schema File Fragment 

translatable_message_definitions:           # (R) 

  _NOT_DEFINED_:                            # (WR), alias: msg_name = 1553 

message name 

    msg_data:                               # (R)  

      command: [INT]                        # (R) 

      lru_addr: [INT]                       # (R) 

      lru_subaddr: [INT]                    # (R) 

      lru_name: [OPTSTR]                       # (OR) 

      bus: STR                              # (R) 

      wrdcnt: INT                           # (R) 

      rate: FLT                             # (R) 

      mode_code: OPTBOOL                       # (OR) 

      desc: OPTSTR                             # (OR) 

    word_elem:                              # (R) 

      _NOT_DEFINED_OPT_:                    # (WO), alias: wrd_elem_name = 

word/multiple word element 

        offset: INT                         # (R) 

        cnt: INT                            # (R) 

        schema: STR--

>{SIGNED16,SIGNED32,UNSIGNED16,UNSIGNED32,FLOAT32_1750,FLOAT32_IEEE,FLOAT64_

IEEE,FLOAT16,CAPS,FLOAT32_GPS,FLOAT64_GPS}     # (R) 

        msbval: FLT                         # (R) 

        desc: OPTSTR                           # (OR) 

        uom: OPTSTR                            # (OR) 

        multifmt: OPTBOOL                      # (OR) 

        class: OPTINT                          # (OR) 

    bit_elem:                               # (R) 

      _NOT_DEFINED_OPT_:                    # (WO), alias: bit_elem_name = 

bit/multiple bit element 

        offset: INT                         # (R) 

        cnt: INT                            # (R) 

        schema: STR-->{UNSIGNEDBITS,SIGNEDBITS,ASCII}  # (R) 

        msbval: FLT                         # (R) 

        desc: OPTSTR                           # (OR) 

        uom: OPTSTR                            # (OR) 

        multifmt: OPTBOOL                      # (OR) 

        class: OPTINT                          # (OR) 

        msb: INT                            # (R) 

        lsb: INT                            # (R) 

        bitcnt: INT                         # (R) 

supplemental_bus_map_command_words:         # (R)  

  _NOT_DEFINED_OPT_:                        # (WO), alias: bus_name = name 

of a bus from which 1553 data were recorded 

    - [INT]                                 # (R) 

4.5. Canonical Form 

Table 13 summarizes the CNF contact information. 
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Table 13. CNF Contact Information 

Developer: Air Force Test Center (AFTC) Detachment 1 Multi-Domain Test Force (MDTF) 

Website: https://gitlab.stitches.mil. Private Website (restricted access, so specific file names 
and locations are not provided in this document for distribution purposes) 

 

The CNF developed by the AFTC Detachment 1 MDTF provides a standardized 

machine-readable format for ICDs. It is described as follows. 

The "canonical" form Interface Control Document (ICD) is an attempt to 

standardize ICDs to a machine-readable format, and to include in that format 

unambiguous definitions for each parameter. 

Detailed documentation for the schema can be found in [REDACTED FOR 

DISTRIBUTION PURPOSES], which is a concrete specification of how an 

ICD shall (should?) [sic] be structured, per https://json-schema.org/. Any json 

document that meets this schema is a canonical ICD, any that does not is not.22 

Table 14 gives an example CNF file fragment. 

Table 14. CNF File Fragment 

{ 

    "version": "1.0.0", 

    "classification": "unclass", 

    "canon": { 

        "version": "1.0.0", 

        "encodings": { 

            "unk": "unknown data encoding", 

            "bit": "a single bit with in a byte", 

            "byte": "a single byte value", 

            "ascii": "american standard code for information interchange, 

values 0-127", 

            "utf8": "unicode transformation format 8-bit", 

            "utf16": "unicode transformation format 16-bit", 

            "utf32": "unicode transformation format 32-bit", 

            "big_endian": "the left most bit or byte is most significant, 

and the bits or bytes to the right are sequentially less significant", 

            "little_endian": "the right most bit or byte is most 

significant, and the bits or bytes to the left are sequentially less 

significant", 

            "little_endian2": "the right most 2-byte pair is the most 

significant, and the 2-byte pairs to the left are sequentially less 

significant", 

            "MessageStructure": "message dictionary as canonically defined", 

            "FieldStructure": "field dictionary as canonically defined" 

        }, 

        "data_types": { 

            "unk": "unknown data type", 

            "bool_positive": "boolean true positive from one byte", 

 

22 United States Air Force. “Canonical” Private GitLab Repository. Air Force Test Center Multi-Domain Test Force. 

Accessed February 2024. Available at https://gitlab.stitches.mil (restricted access, so specific file names and 

locations are not provided in this document for distribution purposes). 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 14. CNF File Fragment 

            "bool_negative": "boolean false positive from one byte", 

            "unicode": "universal character encoding standard, used with 

utf-8, -16, -32", 

            "string": "string of ascii chararacters", 

            "dictionary": "key-value pair structure", 

            "float": "32-bit floating point number as defined by IEEE 754", 

            "double": "64-bit floating point number as defined by IEEE 754", 

            "quad": "128-bit floating point number as defined by IEEE 754", 

            "uint8": "unsigned integer, 8-bit", 

            "uint16": "unsigned integer, 16-bit", 

            "uint32": "unsigned integer, 32-bit", 

            "uint64": "unsigned integer, 64-bit", 

            "uint128": "unsigned integer, 128-bit", 

            "signed_binary": "number where the most significant bit of one 

is negative, zeros is positive, with following bits decreasing in value by 

half", 

            "2s_compliment": "number where the most significant bit is one 

less than the negative value of the sum of the other bits" 

        }, 

       "units": { 

            "m": {"name": "meter", "scalar": 1, "offset": 0, "definition 

unit": "", "pedigree": {"source": "ucum", "reference": "ucum m", "table id": 

"baseunits", "name": "meter", "c/s": "m", "kind of quantity": "length", "M": 

"", "definition value": "", "definition unit": ""}}, 

 

... 

 

        "definitions": { 

            "position.latitude.track.target": {"desc": "target, as reported 

by a sensor, or otherwise denoted as a target World Geodetic System 84, 

latitude, north positive south negative"}, 

System 84, latitude, north positive south negative"}, 

 

... 

 

    "systems": { 

        "Link-16": { 

 

Table 15 gives an example CNF Schema fragment. 

Table 15. CNF Schema File Fragment 

    "description": "An Interface Control Document is a collection of 

systems, messages, and fields - inclusive of schema", 

 

... 

 

        "canon": { 

            "type": "object", 

            "description": "A json key-value pair of canonical encodings, 

data types, units, and parameter names", 

            "required": [ 

                "version", 

                "encodings", 
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Table 15. CNF Schema File Fragment 

                "data_types", 

                "units", 

                "definitions" 

            ], 

 

... 

 

        "systems": { 

            "type": "object", 

            "description": "System or Data Bus Name. A json key-value pair 

of systems in the format of MDS, Config, Notes, and Messages which is an 

object of Fields", 

 

... 

 

        "system": { 

            "type": "object", 

            "description": "System or Data Bus Name", 

            "required": [ 

                "mds_name", 

                "bus_type", 

                "description", 

                "config", 

                "notes", 

                "messages" 

            ], 

 

... 

 

        "message": { 

            "type": "object", 

            "required": [ 

                "name", 

                "source", 

                "destination", 

                "pedigree", 

                "fields" 

            ], 

 

... 

 

        "field": { 

            "type": "object", 

            "required": [ 

                "name", 

                "description", 

                "icd_description", 

                "bit_start", 

                "bit_length", 

                "units", 

                "scalar", 

                "data_type", 

                "encoding", 

                "pedigree" 
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Table 15. CNF Schema File Fragment 

            ], 

5. Analysis Details 

This section documents the analysis and rating for each MOE for each candidate solution. 

5.1. Data Format Description Language 

Table 16 through Table 33 give each MOE rating for the DFDL candidate solution. 

Table 16. DFDL Analysis for MOE 1 

MOE: Machine Readable and Human Readable. (SR-22-004, Sections 2.1.1.b, 2.1.1.c) 

Criteria: 
T = Based on XML or YAML or JSON 
O = T 

Value: XML 

Rating: 5 = Met Objective 

Rationale: 
DFDL is XML based, and XML documents are by design both machine-readable and 
human-readable. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 1.2 What is DFDL? Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 17. DFDL Analysis for MOE 2 

MOE: Digital Message Formats. (SR-22-004, Section 2.1.1.a) 

Criteria: 
T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, RS-232, RS-422, ARINC-664 

Value: Ethernet 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Ethernet is the only criteria message format with a DFDL definition currently available 
from the GitHub DFDL Schemas repository (see data source below). There are about 
30 different schemas available from this repository, including MIL-STD-2500C and MIL-
STD-2045, so DFDL does appear to be a sufficiently flexible format for describing 
various message formats. While there is no significant technical shortfall, there is likely 
a significant schedule shortfall to implement all the criteria message formats. 

Data Source: 
“DFDL Schemas for Commercial and Scientific Data Formats” GitHub webpage. 
Accessed February 2024. Available at 
https://github.com/orgs/DFDLSchemas/repositories. 

 

Table 18. DFDL Analysis for MOE 3 

MOE: Non-Numeric Data Types. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Bit, String 
O = T and: Enumeration 

Value: Bit, String 

Rating: 4 = Met Threshold 

https://ogf.org/documents/GFD.240.pdf
https://github.com/orgs/DFDLSchemas/repositories
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Table 18. DFDL Analysis for MOE 3 

Rationale: 

In the DFDL Specification (see data source below), the following non-numeric data 
types are identified as supported: Bit (xs:Boolean), String (xs:string). In DFDL 
enumerations are not used to directly define symbolic constants, but they can be 
indirectly defined using dfdl:defineVariable constructs. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 5.1 DFDL Simple Types, Section 5.3.5 
Enumeration Values. Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 19. DFDL Analysis for MOE 4 

MOE: Numeric Data Types: Integers. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 
O = T and: Unsigned 64-bit, Signed 64-bit 

Value: 
Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit, Unsigned 64-bit, Signed 
64-bit 

Rating: 5 = Met Objective 

Rationale: 

In the DFDL Specification (see data source below), the following integer data types are 
identified as supported: Unsigned 16-bit (xs:type=’xs:unsignedShort’, 
dfdl:binaryNumberRep=’binary’), Unsigned 32-bit (xs:type=’xs:unsignedInt’, 
dfdl:binaryNumberRep=’binary’), Signed 16-bit (xs:type=’xs:short’, 
dfdl:binaryNumberRep=’binary’), Signed 32-bit (xs:type=’xs:int’, 
dfdl:binaryNumberRep=’binary’), Unsigned 64-bit (xs:type=’xs:unsignedLong’, 
dfdl:binaryNumberRep=’binary’), Signed 64-bit (xs:type=’xs:long’, 
dfdl:binaryNumberRep=’binary’)). 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 12.3.7.2.1 Length of Base-2 Binary Number 
Elements, Section 13.7 Properties Specific to Number with Binary Representation. 
Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 20. DFDL Analysis for MOE 5 

MOE: Numeric Data Types: Fixed-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = Scaled 32-bit, Scaled 64-bit 
O = T 

Value: Scaled 32-bit, Scaled 64-bit 

Rating: 5 = Met Objective 

Rationale: 
In the DFDL Specification (see data source below), fixed-point reals with binary 
encoding are supported by using dfdl:binaryNumberRep=‘binary’ and 
dfdl:binaryDecimalVirtualPoint properties. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 13.7 Properties Specific to Number with 
Binary Representation. Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 21. DFDL Analysis for MOE 6 

MOE: Numeric Data Types: Floating-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 

https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
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Table 21. DFDL Analysis for MOE 6 

O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-
bit 

Value: IEEE 754 32-bit, IEEE 754 64-bit 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

In the DFDL Specification (see data source below), the following floating-point real 
data types are identified as supported: IEEE 754 32-bit (xs:type=’xs:float’, 
dfdl:binaryFloatRep=’ieee'), IEEE 754 64-bit (xs:type=’xs:double’, 
dfdl:binaryFloatRep=’ieee’). Additional work is needed to implement the threshold 
criteria MIL-STD-1750A 32-bit and MIL-STD-1750A 48-bit using dfdl:hexBinary 
elements. However, this is relatively straightforward to accomplish. 

Data Source: 

DFDL v1.0 Specification. June 2023. Section 12.3.7.2.2 Length of Floating Point Binary 
Number Elements, 12.3.7.2.7 Length of Binary Opaque Elements, Section 13.8 
Properties Specific to Float/Double with Binary Representation. Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 22. DFDL Analysis for MOE 7 

MOE: Modulo Operations: Angles. (SR-22-004, Section 2.1.7) 

Criteria: 
T = 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Angles are not an intrinsic DFDL data type but are typically floating-point numbers that 
represent periodic measurements (e.g., angles, hour of day) with minimum and 
maximum value constraints. The periodic nature and allowed range of values can be 
denoted with additional DFDL attributes so the equivalency of periodic values (e.g., 361 
degrees equals 1 degree) for any periodic measurement including angles can be 
properly handled. 

Data 
Source: 

DFDL v1.0 Specification. June 2023. Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 23. DFDL Analysis for MOE 8 

MOE: Data Alignment. (SR-22-004, Section 2.1.3) 

Criteria: 
T = Bit packed, Byte aligned 
O = T 

Value: Bit aligned, Byte aligned 

Rating: 5 = Met Objective 

Rationale: 
In the DFDL Specification (see data source below), bit alignment is supported using 
dfdl:alignmentUnits=’bits’, and byte alignment is supported using 
dfdl:alignmentUnits=’bytes’.  

Data Source: 
DFDL v1.0 Specification. June 2023. Section 12.1 Aligned Data, Section 12.3 Properties 
for Specifying Lengths, Section 13.7.1.2 Bit strings, Alignment and dfdl:fillByte. 
Available at https://ogf.org/documents/GFD.240.pdf. 

 

https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
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Table 24. DFDL Analysis for MOE 9 

MOE: Byte Ordering. (SR-22-004, Section 2.1.4) 

Criteria: 
T = Big Endian, Little Endian 
O = T and: Middle Endian 

Value: Big Endian, Little Endian 

Rating: 4 = Met Threshold 

Rationale: 

In the DFDL Specification (see data source below), the following byte ordering options 
are identified as supported: Big Endian using dfdl:byteOrder=’bigEndian’, Little Endian 
using dfdl:byteOrder=’littleEndian’. Additional work is needed to support Middle 
Endian. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 13.7.1.4 Bits with Bit Strings of Length > 8. 
Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 25. DFDL Analysis for MOE 10 

MOE: Engineering Unit Conversion Methods. (SR-22-004, Section 2.1.5) 

Criteria: 
T = Polynomial 
O = T and: Conversion types to be determined 

Value: Polynomial, arbitrary function 

Rating: 5 = Met Objective 

Rationale: 
DFDL supports the creation of calculated elements via DFDL expressions, so it is able to 
support polynomial and arbitrary conversion types yet to be determined. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 17 Calculated Value Properties. Available 
at https://ogf.org/documents/GFD.240.pdf. 

 

Table 26. DFDL Analysis for MOE 11 

MOE: Message Definition Metadata. (SR-22-004, Section 2.1.8) 

Criteria: 
T = Name (string), Description (string), Length (int) 
O = T and: Sub-Messages, Others pending future development of new message 
definitions 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
DFDL does not have specific support for message definition metadata, but metadata 
can be included as string and int data type elements (i.e., xs:string, xs:int). 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 4 The DFDL Information Set (Infoset), 
Section 5.1 DFDL Simple Types. Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 27. DFDL Analysis for MOE 12 

MOE: Message Field Definition Metadata. (SR-22-004, Sections 2.1.9., 2.1.10) 

Criteria: 
T = Name (string), Description (string), Bit Length (int) 
O = T and: Algorithm or formula for the encoding/decoding of those field (string) 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
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Table 27. DFDL Analysis for MOE 12 

Rationale: 
DFDL does not have specific support for message field definition metadata, but 
metadata can be included as string and int data type elements (i.e., xs:string, xs:int). 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 4 The DFDL Information Set (Infoset), 
Section 5.1 DFDL Simple Types. Available at https://ogf.org/documents/GFD.240.pdf. 

 

Table 28. DFDL Analysis for MOE 13 

MOE: Governance Approach. (not identified in SR-22-004) 

Criteria: 
T = NGS 
O = T 

Value: NGS 

Rating: 5 = Met Objective 

Rationale: The OGF, a non-government organization, manages and maintains DFDL. 

Data Source: About OGF webpage. Available at https://ogf.org/ogf/doku.php/about.html. 

 

Table 29. DFDL Analysis for MOE 14 

MOE: Cross-Domain Solution Support. (not identified in SR-22-004) 

Criteria: 
T = XML or JSON 
O = DFDL 

Value: DFDL 

Rating: 5 = Met Objective 

Rationale: DFDL is by definition using DFDL. 

Data Source: 
DFDL v1.0 Specification. June 2023. Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 30. DFDL Analysis for MOE 15 

MOE: Document Structure Validation. (not identified in SR-22-004) 

Criteria: 
T = XSD (for XML) or JSON Schema (for YAML or JSON) 
O = T 

Value: XSD 

Rating: 5 = Met Objective 

Rationale: DFDL is an extension of the W3C XSD language. 

Data Source: 
DFDL v1.0 Specification. June 2023. Section 1.2 What is DFDL? Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 31. DFDL Analysis for MOE 16 

MOE: Unambiguous Parameter Name Definitions. (not identified in SR-22-004) 

Criteria: 
T = Names for ONE engineering discipline 
O = Names for TWO or more engineering disciplines 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

https://ogf.org/documents/GFD.240.pdf
https://ogf.org/ogf/doku.php/about.html
https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
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Table 31. DFDL Analysis for MOE 16 

Rationale: 

DFDL does not address the standardization of unambiguous parameter name 
definitions. This is really a policy issue rather than a technical issue, so there is no 
significant technical shortfall. For example, while adoption of the parameter names 
used by the CNF candidate solution supporting tactical data link (TDL) analysis would 
be relatively simple to accomplish, there is likely a significant schedule shortfall to 
agree upon parameter names for other engineering disciplines. 

Data Source: 
DFDL v1.0 Specification. June 2023. Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 32. DFDL Analysis for MOE 17 

MOE: Unambiguous Parameter Units Definitions. (not identified in SR-22-004) 

Criteria: 
T = SI 
O = UCUM 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
DFDL does not address the standardization of unambiguous parameter units 
definitions. However, adoption of the International System of Units (SI) or the UCUM 
would be relatively simple to accomplish. 

Data Source: 
DFDL v1.0 Specification. June 2023. Available at 
https://ogf.org/documents/GFD.240.pdf. 

 

Table 33. DFDL Analysis for MOE 18 

MOE: Documentation Availability. (not identified in SR-22-004) 

Criteria: 
T = Website with Example Code 
O = T and: Standard Specification 

Value: Website with Example Code, Standard Specification 

Rating: 5 = Met Objective 

Rationale: 

The DFDL website with links to extensive specification documentation and example 
code is located at https://ogf.org/ogf/doku.php/standards/dfdl/dfdl. Source code for 
an open-source implementation of the DFDL processors is located at 
https://daffodil.apache.org. Owl Cyber Defense uses DFDL to improve robustness and 
cost-effectiveness of CDSs, available at https://owlcyberdefense.com/services-
support/custom-data-filtering/. 

Data Source: 
DFDL website at https://ogf.org/ogf/doku.php/standards/dfdl/dfdl. 
Apache Daffodil website at https://daffodil.apache.org. 

5.2. Metadata Description Language 

Table 34 through Table 51 give each MOE rating for the MDL candidate solution. 

Table 34. MDL Analysis for MOE 1 

MOE: Machine-readable and Human-readable. (SR-22-004, Sections 2.1.1.b-c) 

Criteria: T = Based on XML or YAML or JSON 

https://ogf.org/documents/GFD.240.pdf
https://ogf.org/documents/GFD.240.pdf
https://ogf.org/ogf/doku.php/standards/dfdl/dfdl
https://daffodil.apache.org/
https://owlcyberdefense.com/services-support/custom-data-filtering/
https://owlcyberdefense.com/services-support/custom-data-filtering/
https://ogf.org/ogf/doku.php/standards/dfdl/dfdl
https://daffodil.apache.org/
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Table 34. MDL Analysis for MOE 1 

O = T 

Value: XML 

Rating: 5 = Met Objective 

Rationale: 
MDL is XML-based, and XML documents are by design both machine-readable and 
human-readable. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2 Metadata Description 
Language. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 35. MDL Analysis for MOE 2 

MOE: Digital Message Formats. (SR-22-004, Section 2.1.1.a) 

Criteria: 
T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, RS-232, RS-422, ARINC-664 

Value: MIL-STD-1553, ARINC-429, PCM, Fibre Channel, IEEE-1394 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

In the MDL Global Element Glossary (see data source below) and the Simple Type 
DataStreamMessageTypeEnum element, the criteria are supported as follows where 
the DataStreamMessageTypeEnum is enclosed in parentheses: MIL-STD-1553 
(MILSTD1553-RT-RT, MILSTD1553-RT-BD, MILSTD1553-BC-RT), ARINC-429 (ARINC429), 
PCM (CHAPTER4-MINORFRAME, CHAPTER4-MAJORFRAME), Fibre Channel 
(FIBRECHANNEL), IEEE-1394 (IEEE-1394). Additional work needed to support MIL-STD-
6016. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Simple Type: DataStreamMessageTypeEnum. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 36. MDL Analysis for MOE 3 

MOE: Non-Numeric Data Types. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Bit, String 
O = T and: Enumeration 

Value: Bit, String, Enumeration 

Rating: 5 = Met Objective 

Rationale: 
In the MDL Global Element Glossary (see data source below) the criteria are supported 
as follows: Bit (Simple Type ‘baseUnitEnum’=’bit’), String (xsd:string), Enumeration 
(Complex Type ‘DataStreamMessageTypeEnumExtType’ element). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
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Table 37. MDL Analysis for MOE 4 

MOE: Numeric Data Types: Integers. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 
O = T and: Unsigned 64-bit, Signed 64-bit 

Value: 
Unsigned 8-bit, Unsigned 16-bit, Unsigned 32-bit, Unsigned 64-bit, Signed 8-bit, Signed 
16-bit, Signed 32-bit, Signed 64-bit 

Rating: 5 = Met Objective 

Rationale: 

In the MDL Global Element Glossary (see data source below) and the Simple Type 
DigitalEncodingEnum element, the criteria are supported as follows where the 
DigitalEncodingEnum value is enclosed in parentheses: Unsigned 8-bit 
(UnsignedBinary, along with DataLength BaseUnit=’Bit’ and ConditionValue=8), 
Unsigned 16-bit (UnsignedBinary, , along with DataLength BaseUnit=’Bit’ and 
ConditionValue=16), Unsigned 32-bit (UnsignedBinary, along with DataLength 
BaseUnit=’Bit’ and ConditionValue=32), Unsigned 64-bit (UnsignedBinary, along with 
DataLength BaseUnit=’Bit’ and ConditionValue=64), Signed 8-bit (SignedBinary, along 
with DataLength BaseUnit=’Bit’ and ConditionValue=8), Signed 16-bit (SignedBinary, 
along with DataLength BaseUnit=’Bit’ and ConditionValue=8), Signed 32-bit 
(SignedBinary, along with DataLength BaseUnit=’Bit’ and ConditionValue=8), Signed 
64-bit (SignedBinary, along with DataLength BaseUnit=’Bit’ and ConditionValue=8). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 38. MDL Analysis for MOE 5 

MOE: Numeric Data Types: Fixed-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = Scaled 32-bit, Scaled 64-bit 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Fixed-point reals are not directly supported in MDL, but they can be indirectly 
represented with the DigitalEncoding attribute set equal to either ‘SignedBinary’ or 
’UnsignedBinary’ along with a user defined attribute for a scaling factor to locate the 
decimal point.  

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 39. MDL Analysis for MOE 6 

MOE: Numeric Data Types: Floating-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 
O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-
bit 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
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Table 39. MDL Analysis for MOE 6 

Value: 
IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit,  
DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-bit 

Rating: 5 = Met Objective 

Rationale: 

In the MDL Global Element Glossary (see data source below) and the Simple Type 
DigitalEncodingEnum element, the criteria are supported as follows where the 
DigitalEncodingEnum value is enclosed in parentheses: IEEE 754 32-bit 
(IEEE754SinglePrecision), IEEE 754 64-bit (IEEE754DoublePrecision), MIL-STD-1750A 
32-bit (MILSTD1750ASinglePrecision), MIL-STD-1750A 48-bit 
(MILSTD1750ADoublePrecision), DEC 32-bit (DECSinglePrecision), DEC 64-bit 
(DECDoublePrecision), DEC 64-bit G (DECGDoublePrecision), IBM 32-bit 
(IBMSinglePrecision), IBM 64-bit (IBMDoublePrecision), TI 32-bit (TISinglePrecision), TI 
40-bit (TIExtendedPrecision). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Simple Type: DigitalEncodingEnum. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 40. MDL Analysis for MOE 7 

MOE: Modulo Operations: Angles. (SR-22-004, Section 2.1.7) 

Criteria: 
T = 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Angles are not an intrinsic MDL data type but are typically floating-point numbers that 
represent periodic phenomena (e.g., angles, hour of day) and consequently have 
minimum value and maximum value constraints. The periodic nature and allowed 
range of values can be denoted with additional MDL attributes so the equivalency of 
periodic values (e.g., 361 degrees equals 1 degree) can be properly handled. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 41. MDL Analysis for MOE 8 

MOE: Data Alignment. (SR-22-004, Section 2.1.3) 

Criteria: 
T = Bit packed, Byte aligned 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
MDL supports bit packing by using the ‘BaseUnit’ attribute set to ‘Bit’ and defining the 
length of the bit field using the ‘DataLength’ attribute. MDL does not directly address 
byte alignment but it would be relatively straightforward to accomplish. 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
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Table 41. MDL Analysis for MOE 8 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 42. MDL Analysis for MOE 9 

MOE: Byte Ordering. (SR-22-004, Section 2.1.4) 

Criteria: 
T = Big Endian, Little Endian 
O = T and: Middle Endian 

Value: TBD 

Rating: 4 = Met Threshold 

Rationale: 

In the MDL Global Element Glossary (see data source below) and the Simple Type 
EndiannessEnum element, the criteria are supported as follows where the 
EndiannessEnum is enclosed in parentheses: Big Endian (BigEndian), Little Endian 
(LittleEndian). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Simple Type: EndiannessEnum. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 43. MDL Analysis for MOE 10 

MOE: Engineering Unit Conversion Methods. (SR-22-004, Section 2.1.5) 

Criteria: 
T = Polynomial 
O = T and: Conversion types to be determined 

Value: Polynomial, Conversion types to be determined 

Rating: 5 = Met Objective 

Rationale: 

In the MDL Global Element Glossary (see data source below), the Complex Type 
PolynomialType element supports ‘Numerator’ and ‘Denominator’, and the Complex 
Type TermType element supports ‘Coefficient’ and ‘Exponent’, and the combination of 
these allows for polynomial conversions. MDL supports the creation of calculated 
elements via MDL Expressions using the ‘AlgorithmType’ element so able to support 
polynomial and arbitrary conversion types yet to be determined. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Complex Type: PolynomialType, Complex Type: TermType. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 44. MDL Analysis for MOE 11 

MOE: Message Metadata. (SR-22-004, Section 2.1.8) 

Criteria: 
T = Name (string), Description (string), Length (int) 
O = T and: Sub-Messages, Others pending future development of new message 
definitions 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
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Table 44. MDL Analysis for MOE 11 

Value: Name (string), Description (string), Length (int) 

Rating: 4 = Met Threshold 

Rationale: 
In the MDL Global Element Glossary (see data source below), the Complex Type 
DataStreamMessageType element supports ‘Name’ (string) and ‘Description’ (string) 
and ‘Size’ (int). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Complex Type: DataStreamMessageType. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 45. MDL Analysis for MOE 12 

MOE: Message Field Metadata. (SR-22-004, Sections 2.1.9., 2.1.10) 

Criteria: 
T = Name (string), Description (string), Bit Length (int) 
O = T and: Algorithm or formula for the encoding/decoding of those field (string) 

Value: Name (string), Description (string), Bit Length (int) 

Rating: 4 = Met Threshold 

Rationale: 
In the MDL Global Element Glossary (see data source below), the Complex Type 
DataStructureFieldType element supports ‘Name’ (string) and ‘Description’ (string) and 
‘FieldWidth’ (int). 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Complex Type: DataStructureFieldType. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 46. MDL Analysis for MOE 13 

MOE: Governance Approach. (not identified in SR-22-004) 

Criteria: 
T = NGS 
O = T 

Value: N/A 

Rating: 2 - Did Not Meet Threshold – Significant Technical Shortfall 

Rationale: 
MDL is managed and maintained by the RCC Telemetry Group. The likelihood of 
migrating the management and maintenance of MDL to a non-government 
organization is remote. 

Data Source: 
RCC Standard 106-23. June 2023. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards/. 

 

Table 47. MDL Analysis for MOE 14 

MOE: Cross-Domain Solution Support. (not identified in SR-22-004) 

Criteria: 
T = XML or JSON 
O = DFDL 

Value: XML 

Rating: 4 = Met Threshold 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards/
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Table 47. MDL Analysis for MOE 14 

Rationale: MDL is XML based. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2 Metadata Description 
Language. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 48. MDL Analysis for MOE 15 

MOE: Document Structure Validation. (not identified in SR-22-004) 

Criteria: 
T = XSD (for XML) or JSON Schema (for YAML or JSON) 
O = T 

Value: XSD 

Rating: 5 = Met Objective 

Rationale: MDL is an extension of the W3C XSD language. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2 Metadata Description 
Language. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 49. MDL Analysis for MOE 16 

MOE: Unambiguous Parameter Name Definitions. (not identified in SR-22-004) 

Criteria: 
T = Names for ONE engineering discipline 
O = Names for TWO or more engineering disciplines 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

MDL does not address the standardization of unambiguous parameter name 
definitions. This is really a policy issue rather than a technical issue, so there is no 
significant technical shortfall. For example, while adoption of the parameter names 
used by the CNF candidate solution supporting TDL analysis would be relatively simple 
to accomplish, there is likely a significant schedule shortfall to agree upon parameter 
names for other engineering disciplines. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2 Metadata Description 
Language. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 50. MDL Analysis for MOE 17 

MOE: Unambiguous Parameter Units Definitions. (not identified in SR-22-004) 

Criteria: 
T = SI 
O = UCUM 

Value: SI 

Rating: 4 = Met Threshold 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
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Table 50. MDL Analysis for MOE 17 

Rationale: 
In the MDL Global Element Glossary (see data source below), the Simple Type 
BaseUnitEnum element supports all the standard SI units, plus additional derived SI 
units and other fundamental non-SI units. 

Data Source: 

RCC Standard 106-23, Chapter 23. June 2023. Section 23.2.2 MDL Global Element 
Glossary, Simple Type: BaseUnitEnum. Available at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview
=/168165620/168165602/Chapter23.pdf. 

 

Table 51. MDL Analysis for MOE 18 

MOE: Documentation Availability. (not identified in SR-22-004) 

Criteria: 
T = Website with Example Code 
O = T and: Standard Specification 

Value: Website with Documentation, Sample Data Files, Source Code 

Rating: 5 = Met Objective 

Rationale: 
The MDL website with links to documentation and sample data files is located at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards. Source 
code for open-source MDL parsers is located at https://irig106.org. 

Data Source: 
MDL website at 
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards.  
IRIG106 website at https://irig106.org. 

5.3. Standard Parameter Classes 

Table 52 through Table 69 give each MOE rating for the SPC candidate solution. 

Table 52. SPC Analysis for MOE 1 

MOE: Machine-readable and Human-readable. (SR-22-004, Section 2.1.1.b-c) 

Criteria: 
T = Based on XML or YAML or JSON 
O = T 

Value: XML 

Rating: 5 = Met Objective 

Rationale: 
SPC is XML-based, and XML documents are by design both machine-readable and 
human-readable. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 53. SPC Analysis for MOE 2 

MOE: Digital Message Formats. (SR-22-004, Section 2.1.1.a) 

Criteria: 
T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, RS-232, RS-422, ARINC-664 

Value: MIL-STD-1553, ARINC-429, PCM 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
NAWCAD Pax River has working SPC code that supports the following message 
formats: MIL-STD-1553, ARINC-429, PCM, Ethernet, Fibre Channel, IEEE-1394, RS-232, 

https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards?preview=/168165620/168165602/Chapter23.pdf
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards
https://irig106.org/
https://www.trmc.osd.mil/wiki/display/publicRCC/106+Telemetry+Standards
https://irig106.org/
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Table 53. SPC Analysis for MOE 2 

RS-422, ARINC-664. SPC does not currently support MIL-STD-6016, but there is no 
technical shortfall that would prevent it from being added. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 54. SPC Analysis for MOE 3 

MOE: Non-Numeric Data Types. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Bit, String 
O = T and: Enumeration 

Value: Bit, String, Enumeration 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 55. SPC Analysis for MOE 4 

MOE: Numeric Data Types: Integers. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 
O = T and: Unsigned 64-bit, Signed 64-bit 

Value: 
Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit, Unsigned 64-bit, Signed 
64-bit 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 56. SPC Analysis for MOE 5 

MOE: Numeric Data Types: Fixed-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = Scaled 32-bit, Scaled 64-bit 
O = T 

Value: Scaled 32-bit, Scaled 64-bit 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 57. SPC Analysis for MOE 6 

MOE: Numeric Data Types: Floating-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 
O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-
bit 

Value: IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 

Rating: 4 = Met Threshold 

Rationale: NAWCAD Pax River has working SPC code that meets the threshold criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 
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Table 58. SPC Analysis for MOE 7 

MOE: Modulo Operations: Angles. (SR-22-004, Section 2.1.7) 

Criteria: 
T = 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

Value: 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 59. SPC Analysis for MOE 8 

MOE: Data Alignment. (SR-22-004, Section 2.1.3) 

Criteria: 
T = Bit packed, Byte aligned 
O = T 

Value: Bit packed, Byte aligned 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 60. SPC Analysis for MOE 9 

MOE: Byte Ordering. (SR-22-004, Section 2.1.4) 

Criteria: 
T = Big Endian, Little Endian 
O = T and: Middle Endian 

Value: Big Endian, Little Endian, Middle Endian 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 61. SPC Analysis for MOE 10 

MOE: Engineering Unit Conversion Methods. (SR-22-004, Section 2.1.5) 

Criteria: 
T = Polynomial 
O = T and: Conversion types to be determined 

Value: Polynomial, Conversion types to be determined 

Rating: 5 = Met Objective 

Rationale: 
NAWCAD Pax River has working SPC code that meets the objective criteria. 
Specifically, SPC supports the creation of calculated elements via SPC expressions, so it 
is able to support polynomial and arbitrary conversion types yet to be determined. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 62. SPC Analysis for MOE 11 

MOE: Message Metadata. (SR-22-004, Section 2.1.8) 

Criteria: T = Name (string), Description (string), Length (int), Sub-Messages 
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Table 62. SPC Analysis for MOE 11 

O = T and: Others pending future development of new message definitions 

Value: Name (string), Description (string), Length (int), Sub-Messages 

Rating: 4 = Met Threshold 

Rationale: NAWCAD Pax River has working SPC code that meets the threshold criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 63. SPC Analysis for MOE 12 

MOE: Message Field Metadata. (SR-22-004, Sections 2.1.9., 2.1.10) 

Criteria: 
T = Name (string), Description (string), Bit Length (int) 
O = T and: Algorithm or formula for the encoding/decoding of those fields (string) 

Value: Name (string), Description (string), Bit Length (int) 

Rating: 5 = Met Objective 

Rationale: NAWCAD Pax River has working SPC code that meets the objective criteria. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 64. SPC Analysis for MOE 13 

MOE: Governance Approach. (not identified in SR-22-004) 

Criteria: 
T = NGS 
O = T 

Value: N/A 

Rating: 2 - Did Not Meet Threshold – Significant Technical Shortfall 

Rationale: 
SPC is managed and maintained by NAWCAD Pax River. The likelihood of migrating the 
management and maintenance of SPC to a non-government organization is remote. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 65. SPC Analysis for MOE 14 

MOE: Cross-Domain Solution Support. (not identified in SR-22-004) 

Criteria: 
T = XML or JSON 
O = DFDL 

Value: XML 

Rating: 4 = Met Threshold 

Rationale: SPC is XML-based. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 66. SPC Analysis for MOE 15 

MOE: Document Structure Validation. (not identified in SR-22-004) 

Criteria: 
T = XSD (for XML) or JSON Schema (for YAML or JSON) 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 
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Table 66. SPC Analysis for MOE 15 

Rationale: 
SPC does not explicitly address the usage of an XSD document but defining an SPC XSD 
would be relatively simple to accomplish. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 67. SPC Analysis for MOE 16 

MOE: Unambiguous Parameter Name Definitions. (not identified in SR-22-004) 

Criteria: 
T = Names for ONE engineering discipline 
O = Names for TWO or more engineering disciplines 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

SPC does not address the standardization of unambiguous parameter name 
definitions. This is really a policy issue rather than a technical issue, so there is no 
significant technical shortfall. For example, while adoption of the parameter names 
used by the CNF candidate solution supporting TDL analysis would be relatively simple 
to accomplish, there is likely a significant schedule shortfall to agree upon parameter 
names for other engineering disciplines. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 68. SPC Analysis for MOE 17 

MOE: Unambiguous Parameter Units Definitions. (not identified in SR-22-004) 

Criteria: 
T = SI 
O = UCUM 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
SPC does not address the standardization of unambiguous parameter units definitions. 
However, adoption of UCUM would be relatively simple to accomplish. 

Data Source: SME at NAWCAD Pax River with first-hand experience using SPC. 

 

Table 69. SPC Analysis for MOE 18 

MOE: Documentation Availability. (not identified in SR-22-004) 

Criteria: 
T = Website with Documentation, Sample Data Files 
O = T and: Source Code 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
SPC does not currently have a website with documentation, sample data files, or 
source code available. However, this documentation does exist, so it would be 
relatively easy to create a website with this documentation available. 

Data Source: 
DFDL v1.0 Specification. June 2023. Available at 
https://ogf.org/documents/GFD.240.pdf. 

https://ogf.org/documents/GFD.240.pdf
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5.4. Data Translation Specification 

Table 70 through Table 87 give each MOE rating for the DTS candidate solution. 

Table 70. DTS Analysis for MOE 1 

MOE: Machine-readable and Human-readable. (SR-22-004, Section 2.1.1.b-c) 

Criteria: 
T = Based on XML or YAML or JSON 
O = T 

Value: XML 

Rating: 5 = Met Objective 

Rationale: 
DTS is YAML-based, and YAML documents are by design both machine-readable and 
human-readable. 

Data Source: 
YAML Specification v1.2.2. 01 October 2021. Section 5.2 Character Encodings. 
Available at https://yaml.org/spec/1.2.2/. 

 

Table 71. DTS Analysis for MOE 2 

MOE: Digital Message Formats. (SR-22-004, Section 2.1.1.a) 

Criteria: 
T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, RS-232, RS-422, ARINC-664 

Value: MIL-STD-1553, ARINC-429 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: MIL-STD-1553 (tip_dts1553_example.yaml), ARINC-429 (tip_dts429_example.yaml). 

Data Source: 
DTS 1553 example, DTS 429 example. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas. 

 

Table 72. DTS Analysis for MOE 3 

MOE: Non-Numeric Data Types. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Bit, String 
O = T and: Enumeration 

Value: Bit, String 

Rating: 4 = Met Threshold 

Rationale: 

In the DTS Schema for MIL-STD-1553 (see data source below), the following non-
numeric data types are identified as supported: Bit (bit_elem_name:schema = 
UNSIGNEDBITS, bit_elem_name:cnt = 1), String (word_elem_name:schema = ASCII). 
Additional work is needed to support enumerations. Although this schema is specific 
to 1553 messages, these data types can be utilized by other message types as needed. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 73. DTS Analysis for MOE 4 

MOE: Numeric Data Types: Integers. (SR-22-004, Section 2.1.2) 

Criteria: T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 

https://yaml.org/spec/1.2.2/
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
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Table 73. DTS Analysis for MOE 4 

O = T and: Unsigned 64-bit, Signed 64-bit 

Value: Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 

Rating: 4 = Met Threshold 

Rationale: 

In the DTS Schema for MIL-STD-1553 (see data source below), the following integer 
data types are identified as supported: Unsigned 16-bit (UNSIGNED16), Unsigned 32-
bit (UNSIGNED32), Signed 16-bit (SIGNED16), Signed 32-bit (SIGNED32). Although this 
schema is specific to 1553 messages, these data types can be utilized by other 
message types as needed.  

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 74. DTS Analysis for MOE 5 

MOE: Numeric Data Types: Fixed-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = Scaled 32-bit, Scaled 64-bit 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Fixed-point reals are not directly supported in DTS, but they can be indirectly 
represented in the 1553 Schema with the word elem:schema attribute set equal to 
either ‘SIGNEDBITS’ or ’UNSIGNEDBITS’ along with the word elem:msbval attribute for 
a scaling factor to locate the decimal point. Although this schema is specific to 1553 
messages, these data types can be utilized by other message types as needed. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 75. DTS Analysis for MOE 6 

MOE: Numeric Data Types: Floating-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 
O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-
bit 

Value: IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

In the DTS Schema for MIL-STD-1553 (see data source below), the following integer 
data types are identified as supported: IEEE 754 32-bit (FLOAT32_IEEE), IEEE 754 64-bit 
(FLOAT64_IEEE), MIL-STD-1750A 32-bit (FLOAT32_1750). Additional work is needed to 
support MIL-STD-1750A 48-bit, but DTS already supports Collins Adaptive Processing 
System 48-bit floating point reals (these are referred to as CAPS in the DTS 1553 
schema) so it should be simple to adapt this to support 1750A 48-bit. Although this 
schema is specific to 1553 messages, these data types can be utilized by other 
message types as needed.  

https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
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Table 75. DTS Analysis for MOE 6 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 76. DTS Analysis for MOE 7 

MOE: Modulo Operations: Angles. (SR-22-004, Section 2.1.7) 

Criteria: 
T = 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

Angles are not an intrinsic DTS data type but are typically floating-point numbers that 
represent periodic phenomena (e.g., angles, hour of day) and consequently have 
minimum value and maximum value constraints. The periodic nature and allowed 
range of values can be denoted with additional DTS attributes so the equivalency of 
periodic values (e.g., 361 degrees equals 1 degree) can be properly handled. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 77. DTS Analysis for MOE 8 

MOE: Data Alignment. (SR-22-004, Section 2.1.3) 

Criteria: 
T = Bit packed, Byte aligned 
O = T 

Value: Bit packed 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
DTS supports bit packing by using the ‘bit_elem_name’ attribute, which “may be 
included if the 1553 message contains payload data that ought to be interpreted from 
a collection of contiguous bits.” Additional work is needed to support byte alignment. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 78. DTS Analysis for MOE 9 

MOE: Byte Ordering. (SR-22-004, Section 2.1.4) 

Criteria: 
T = Big Endian, Little Endian 
O = T and: Middle Endian 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: DTS does not directly address the endianness of data. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
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Table 79. DTS Analysis for MOE 10 

MOE: Engineering Unit Conversion Methods. (SR-22-004, Section 2.1.5) 

Criteria: 
T = Polynomial 
O = T and: Conversion types to be determined 

Value: TBD 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: TBD 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 80. DTS Analysis for MOE 11 

MOE: Message Metadata. (SR-22-004, Section 2.1.8) 

Criteria: 
T = Name (string), Description (string), Length (int), Sub-Messages 
O = T and: Others pending future development of new message definitions 

Value: Name (string), Description (string), Length (int), Sub-Messages 

Rating: 4 = Met Threshold 

Rationale: 

In the DTS Schema for MIL-STD-1553 (see data source below), the following statement 
is made regarding Name (string) and Description (string): “Wildcards represent user-
defined strings and are used to give names to 1553 messages or elements. Within a 
structure, a wildcard may be repeated many times to define all necessary message 
and/or message elements.” For Length (int), this is supported with the ‘wordcnt’ 
attribute. Sub-Messages are supported with the 
‘supplemental_bus_map_command_words’ element. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 81. DTS Analysis for MOE 12 

MOE: Message Field Metadata. (SR-22-004, Sections 2.1.9., 2.1.10) 

Criteria: 
T = Name (string), Description (string), Bit Length (int) 
O = T and: Algorithm or formula for the encoding/decoding of those field (string) 

Value: Name (string), Description (string), Bit Length (int) 

Rating: 4 = Met Threshold 

Rationale: 

In the DTS Schema for MIL-STD-1553 (see data source below), the following statement 
is made regarding Name (string) and Description (string): “Wildcards represent user-
defined strings and are used to give names to 1553 messages or elements. Within a 
structure, a wildcard may be repeated many times to define all necessary message 
and/or message elements.” For Bit Length (int), this is supported with the ‘bitcnt’ 
attribute. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
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Table 82. DTS Analysis for MOE 13 

MOE: Governance Approach. (not identified in SR-22-004) 

Criteria: 
T = NGS 
O = T 

Value: N/A 

Rating: 2 - Did Not Meet Threshold – Significant Technical Shortfall 

Rationale: 
DTS is managed and maintained by the USAF EDDGE 309th SWEG. The likelihood of 
migrating the management and maintenance of DTS to a non-government 
organization is remote. 

Data Source: TIP DTS Public GitHub Repository. Available at https://github.com/309thEDDGE/tip/. 

 

Table 83. DTS Analysis for MOE 14 

MOE: Cross-Domain Solution Support. (not identified in SR-22-004) 

Criteria: 
T = XML or JSON 
O = DFDL 

Value: YAML 

Rating: 3 - Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

DTS is YAML-based. Given YAML is a superset of JSON according to the YAML 
specification available at https://yaml.org/spec/1.2.2/, it seems technically feasible to 
migrate DTS from YAML to JSON. However, there is likely a significant schedule 
shortfall to implement this migration. 

Data Source: TIP DTS Public GitHub Repository. Available at https://github.com/309thEDDGE/tip/. 

 

Table 84. DTS Analysis for MOE 15 

MOE: Document Structure Validation. (not identified in SR-22-004) 

Criteria: 
T = XSD (for XML) or JSON Schema (for YAML or JSON) 
O = T 

Value: JSON Schema 

Rating: 5 = Met Objective 

Rationale: 
DTS has a YAML schema file for MIL-STD-1553 (tip_dts1552_schema.yaml) and for 
ARINC-429 (tip_dts429_schema.yaml), which are processed using the JSON Schema. 

Data Source: 
DTS Schemas. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas. 

 

Table 85. DTS Analysis for MOE 16 

MOE: Unambiguous Parameter Name Definitions. (not identified in SR-22-004) 

Criteria: 
T = Names for ONE engineering discipline 
O = Names for TWO or more engineering disciplines 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
DTS does not address the standardization of unambiguous parameter name 
definitions. This is really a policy issue rather than a technical issue, so there is no 

https://github.com/309thEDDGE/tip/
https://yaml.org/spec/1.2.2/
https://github.com/309thEDDGE/tip/
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas
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Table 85. DTS Analysis for MOE 16 

significant technical shortfall. For example, while adoption of the parameter names 
used by the CNF candidate solution supporting TDL analysis would be relatively simple 
to accomplish, there is likely a significant schedule shortfall to agree upon parameter 
names for other engineering disciplines. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 86. DTS Analysis for MOE 17 

MOE: Unambiguous Parameter Units Definitions. (not identified in SR-22-004) 

Criteria: 
T = SI 
O = UCUM 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

DTS supports the specification of units at both the message word and bit level via the 
‘uom’ attribute, but DTS does not address the standardization of unambiguous 
parameter units definitions. However, adoption of the International System of Units 
(SI) or UCUM would be relatively simple to accomplish. 

Data Source: 
DTS 1553 Schema. Available at 
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_s
chema.yaml. 

 

Table 87. DTS Analysis for MOE 18 

MOE: Documentation Availability. (not identified in SR-22-004) 

Criteria: 
T = Website with Documentation, Sample Data Files 
O = T and: Source Code 

Value: Website with Documentation, Sample Data Files, Source Code 

Rating: 5 = Met Objective 

Rationale: 
The TIP website containing DTS documentation, sample data files, and source code is 
located at https://github.com/309thEDDGE/tip. 

Data Source: 
TIP GitHub repository (DTS is a subset of TIP). Available at 
https://github.com/309thEDDGE/tip. 

5.5. Canonical Form 

Table 88 through Table 105 give each MOE rating for the CNF candidate solution. 

Table 88. CNF Analysis for MOE 1 

MOE: Machine-readable and Human-readable. (SR-22-004, Section 2.1.1.b-c) 

Criteria: 
T = Based on XML or YAML or JSON 
O = T 

Value: XML 

Rating: 5 = Met Objective 

https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip/blob/master/conf/yaml_schemas/tip_dts1553_schema.yaml
https://github.com/309thEDDGE/tip
https://github.com/309thEDDGE/tip
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Table 88. CNF Analysis for MOE 1 

Rationale: 
CNF is JSON based, and JSON documents are by design both machine readable and 
human readable. 

Data Source: 
CNF private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 89. CNF Analysis for MOE 2 

MOE: Digital Message Formats. (SR-22-004, Section 2.1.1.a) 

Criteria: 
T = MIL-STD-1553, ARINC-429, PCM, MIL-STD-6016 
O = T and: Ethernet, Fibre Channel, IEEE-1394, RS-232, RS-422, ARINC-664 

Value: MIL-STD-6016 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 

MIL-STD-6016 is the only criteria message format with a CNF definition currently 
available from the private GitHub CNF repository (see data source below). Given the 
complexity of the MIL-STD-6016 message format, it is reasonable to assume CNF is a 
sufficiently flexible format for describing various message formats. Even though there 
is no significant technical shortfall, there is likely a significant schedule shortfall to 
implement all the criteria message formats. 

Data Source: 
CNF private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 90. CNF Analysis for MOE 3 

MOE: Non-Numeric Data Types. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Bit, String 
O = T and: Enumeration 

Value: Bit, String, Enumeration 

Rating: 5 = Met Objective 

Rationale: 
CNF supports the following non-number data types: Bit (encoding=’bit’), String 
(data_type=’string’), Enumeration (data_type=’dictionary’). 

Data Source: 
CNF private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 91. CNF Analysis for MOE 4 

MOE: Numeric Data Types: Integers. (SR-22-004, Section 2.1.2) 

Criteria: 
T = Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit 
O = T and: Unsigned 64-bit, Signed 64-bit 

Value: 
Unsigned 16-bit, Unsigned 32-bit, Signed 16-bit, Signed 32-bit, Unsigned 64-bit, Signed 
64-bit 

Rating: 5 = Met Objective 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 91. CNF Analysis for MOE 4 

Rationale: 

CNF supports the following integer data types: Unsigned 16-bit (uint16), Unsigned 32-
bit (uint32), Signed 16-bit (bit_length=16, data_type=’2s_compliment’), Signed 32-bit 
(bit_length=32, data_type=’2s_compliment’), Unsigned 64-bit (uint64), Signed 64-bit 
(bit_length=64, data_type=’2s_compliment’). 

Data Source: 
CNF private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 92. CNF Analysis for MOE 5 

MOE: Numeric Data Types: Fixed-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = Scaled 32-bit, Scaled 64-bit 
O = T 

Value: N/A 

Rating: 5 = Met Objective 

Rationale: 

CNF supports the following fixed-point reals: Scaled 32-bit (bit_length=32, 
data_type=’2s_compliment’, scalar=<desired scale factor to set virtual decimal point>), 
Scaled 64-bit (bit_length=32, data_type=’2s_compliment’, scalar=<desired scale factor 
to set virtual decimal point>). 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 93. CNF Analysis for MOE 6 

MOE: Numeric Data Types: Floating-Point Reals. (SR-22-004, Section 2.1.6) 

Criteria: 
T = IEEE 754 32-bit, IEEE 754 64-bit, MIL-STD-1750A 32-bit, MIL-STD-1750A 48-bit 
O = T and: DEC 32-bit, DEC 64-bit, DEC 64-bit G, IBM 32-bit, IBM 64-bit, TI 32-bit, TI 40-
bit 

Value: IEEE 754 32-bit, IEEE 754 64-bit 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
CNF supports the following integer data types: IEEE 754 32-bit (float), IEEE 754 64-bit 
(double). 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 94. CNF Analysis for MOE 7 

MOE: Modulo Operations: Angles. (SR-22-004, Section 2.1.7) 

Criteria: 
T = 360 degrees (0, 360), 180 degrees (−180,180), 2pi radians (0,2pi), pi radians (−pi,pi) 
O = T 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 94. CNF Analysis for MOE 7 

Rationale: 

Angles are not an intrinsic CNF data type but are typically floating-point numbers that 
represent periodic phenomena (e.g., angles, hour of day) and consequently have 
minimum and maximum value constraints. The periodic nature and allowed range of 
values can be denoted with additional CNF attributes so the equivalency of periodic 
values (e.g., 361 degrees equals 1 degree) can be properly handled. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 95. CNF Analysis for MOE 8 

MOE: Data Alignment. (SR-22-004, Section 2.1.3) 

Criteria: 
T = Bit packed, Byte aligned 
O = T 

Value: Bit packed 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
CNF supports bit packing by using the ‘bit_start’ and ‘bit_length” attributes. Additional 
work is needed to support byte alignment. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 96. CNF Analysis for MOE 9 

MOE: Byte Ordering. (SR-22-004, Section 2.1.4) 

Criteria: 
T = Big Endian, Little Endian 
O = T and: Middle Endian 

Value: Big Endian, Little Endian 

Rating: 4 = Met Threshold 

Rationale: 
CNF supports the following byte ordering: Big Endian (encoding=’big_endian’), Little 
Endian (encoding=’’little_endian’). CNF also supports a variant of Middle Endian 
(encoding=’little_endian2’) where the rightmost 2-byte pair is the most significant. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 97. CNF Analysis for MOE 10 

MOE: Engineering Unit Conversion Methods. (SR-22-004, Section 2.1.5) 

Criteria: 
T = Polynomial 
O = T and: Conversion types to be determined 

Value: N/A 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: 
CNF supports a simplified polynomial of the form of “y = mx + b” with the ‘scalar’ 
multiplier attribute and the ‘offset’ attribute.  

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 97. CNF Analysis for MOE 10 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 98. CNF Analysis for MOE 11 

MOE: Message Metadata. (SR-22-004, Section 2.1.8) 

Criteria: 
T = Name (string), Description (string), Length (int), Sub-Messages 
O = T and: Others pending future development of new message definitions 

Value: Name (string) 

Rating: 3 = Did Not Meet Threshold – Not a Significant Technical Shortfall 

Rationale: CNF supports the following message metadata: Name (‘name’ attribute).  

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 99. CNF Analysis for MOE 12 

MOE: Message Field Metadata. (SR-22-004, Sections 2.1.9., 2.1.10) 

Criteria: 
T = Name (string), Description (string), Bit Length (int) 
O = T and: Algorithm or formula for the encoding/decoding of those fields (string) 

Value: Name (string), Description (string), Bit Length (int) 

Rating: 4 = Met Threshold 

Rationale: 
CNF supports the following message field metadata: Name (‘name’ attribute), 
Description (‘description’ attribute), Bit Length (‘bit_length’ attribute).  

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 100. CNF Analysis for MOE 13 

MOE: Governance Approach. (not identified in SR-22-004) 

Criteria: 
T = NGS 
O = T 

Value: N/A 

Rating: 2 - Did Not Meet Threshold – Significant Technical Shortfall 

Rationale: 
CNF is managed and maintained by the AFTC MDTF. The likelihood of migrating the 
management and maintenance of CNF to a non-government organization is remote. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 101. CNF Analysis for MOE 14 

MOE: Cross-Domain Solution Support. (not identified in SR-22-004) 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 101. CNF Analysis for MOE 14 

Criteria: 
T = XML or JSON 
O = DFDL 

Value: JSON 

Rating: 4 = Met Threshold 

Rationale: CNF is JSON-based. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 102. CNF Analysis for MOE 15 

MOE: Document Structure Validation. (not identified in SR-22-004) 

Criteria: 
T = XSD (for XML) or JSON Schema (for YAML or JSON) 
O = T 

Value: JSON Schema 

Rating: 5 = Met Objective 

Rationale: CNF has a JSON schema file for MIL-STD-6016 Link 16. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 103. CNF Analysis for MOE 16 

MOE: Unambiguous Parameter Name Definitions. (not identified in SR-22-004) 

Criteria: 
T = Names for ONE engineering discipline 
O = Names for TWO or more engineering disciplines 

Value: Names for ONE engineering discipline 

Rating: 4 = Met Threshold 

Rationale: 
CNF supports unambiguous parameter name definitions for ONE engineering 
discipline, specifically those parameters used for analyzing TDLs using the MIL-STD-
6016 Link 16 message format. 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 104. CNF Analysis for MOE 17 

MOE: Unambiguous Parameter Units Definitions. (not identified in SR-22-004) 

Criteria: 
T = SI 
O = UCUM 

Value: UCUM 

Rating: 5 = Met Objective 

Rationale: CNF uses unambiguous parameter units definitions based on the UCUM specification. 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 104. CNF Analysis for MOE 17 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

Table 105. CNF Analysis for MOE 18 

MOE: Documentation Availability. (not identified in SR-22-004) 

Criteria: 
T = Website with Documentation, Sample Data Files 
O = T and: Source Code 

Value: Website with Documentation, Sample Data Files, Source Code 

Rating: 5 = Met Objective 

Rationale: 
The CNF website containing documentation, sample data files, and source code is 
located at https://gitlab.stitches.mil (restricted access, so specific file names and 
locations are not provided in this document for distribution purposes). 

Data Source: 
CNF Private GitLab repository. Available at https://gitlab.stitches.mil (restricted access, 
so specific file names and locations are not provided in this document for distribution 
purposes). 

 

6. Analysis Summary 

Table 106 gives a summary of the analysis results for all MOEs and candidate solutions. 

The overall rating for each candidate solution is computed as a weighted average of each of their 

individual MOE scores, specifically: 

Overall_Rating = (Wt_1 * MOE_1 + … + Wt_18 * MOE_18) / (Wt_1 + … + Wt_18) 

Utilization of a weighted average provides the ability to adjust the importance of each 

MOE relative to the other MOEs. For this AoA, the AoA committee determined all the MOEs 

would be weighted equally. 

Table 106. Analysis of Alternatives Rating Summary 

MOEs Candidate Solutions 

ID # Description Wt DFDL MDL SPC DTS CNF 

1 Machine-Readable and Human-Readable 1 5 5 5 5 5 

2 Digital Message Formats 1 3 3 3 3 3 

3 Non-Numeric Data Types 1 4 5 5 4 5 

4 Numeric Data Types: Integers 1 5 5 5 4 5 

5 Numeric Data Types: Fixed-Point Reals 1 5 3 5 3 5 

6 Numeric Data Types: Floating-Point Reals 1 3 5 4 3 3 

7 Modulo Operations: Angles 1 3 3 5 3 3 

8 Data Alignment 1 5 3 5 3 3 

9 Byte Ordering 1 4 4 5 3 4 

10 Engineering Unit Conversion Methods 1 5 5 5 3 3 

11 Message Definition Metadata 1 3 4 4 4 3 

https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
https://gitlab.stitches.mil/
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Table 106. Analysis of Alternatives Rating Summary 

MOEs Candidate Solutions 

ID # Description Wt DFDL MDL SPC DTS CNF 

12 Message Field Definition Metadata 1 3 4 5 4 4 

13 Governance Approach 1 5 2 2 2 2 

14 Cross-Domain Solution Support 1 5 4 4 3 4 

15 Document Structure Validation 1 5 5 3 5 5 

16 Unambiguous Parameter Name Definitions 1 3 3 3 3 4 

17 Unambiguous Parameter Units Definitions 1 3 4 3 3 5 

18 Documentation Availability 1 5 5 3 5 5 

Overall Rating (weighted average) 4.1 4.0 4.1 3.5 3.9 

 

Based on these results, each candidate solution is deemed sufficiently mature and flexible 

to be an effective basis for an RCC ICD standard. However, identifying and selecting the single 

optimal candidate solution based upon these results is not recommended due to the following 

acknowledged limitation with this AoA. 

As previously noted, the MOE ratings provided by the AoA committee members were 

based upon either their personal experience with a given candidate solution or their personal 

research on the available documentation for a given candidate solution. However, none of the 

committee members had significant first-hand experience using all candidate solutions, and none 

of the committee members had significant first-hand experience using either DTS or CNF. It is 

therefore possible that the ratings by a different set of committee members would result in a 

different optimal candidate solution. Furthermore, while a deliberate attempt was made to have 

objectively measurable MOE criteria and MOE ratings supported by objectively verifiable 

reasons, none of the ratings are reproducible in the sense of “obtaining consistent results using 

the same input data; computation steps, methods, and code; and conditions of analysis” ,23 which 

is an important attribute for reliable scientific results. Consequently, while the results of this 

AoA are instructive, the reproducibility of its results is less robust than desired. 

7. Recommendation 

To mitigate the AoA reproducibility of results limitation identified in the previous 

section, the AoA committee recommends a follow-on RCC task to conduct an ICD Flyoff 

between these candidate solutions that meets the following conditions at a minimum: 

a. Provide a baseline set of RCC 106-23 Chapter 10 (CH10) data files that include sufficient 

data to adequately test the MOEs identified in this AoA. 

b. Provide a baseline set of Portable Document Format (PDF) ICDs that include sufficient 

information to parse and decode the baseline CH10 data files. 

 

23 National Academies Press. Reproducibility and Replicability in Science. 2019. Chapter 3 “Understanding 

Reproducibility and Replicability”, p. 46. Accessed February 2024. Available at 

https://nap.nationalacademies.org/read/25303/chapter/6#39. 

https://nap.nationalacademies.org/read/25303/chapter/6#39
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c. Create a set of ICDs for each candidate solution identified in this AoA based upon the 

same baseline set of PDF ICDs. 

d. Parse and decode the same baseline set of CH10 data files using the ICDs created for 

each candidate solution based upon the same baseline set of PDF ICDs. 

e. Score each candidate solution according to the success of their ICDs based upon the same 

baseline set of PDF ICDs to parse and decode the same baseline set of CH10 data files. 

This RCC ICD Flyoff task would provide a more objective comparison of these candidate 

solutions based upon reproducible results so the best candidate can be selected as the basis for 

developing an RCC ICD standard. 
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