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Abstract. The Defense Information Infrastructure (DII) connects Department of 
Defense (DoD) mission support, command and control, and intelligence com-
puters and users through voice, data, imagery, video, and multimedia services, 
and provides information processing and value-added services. For such a criti-
cal infrastructure to effectively mitigate risk, optimize its security posture and 
evaluate its information assurance practices, we identify the need for a struc-
tured and comprehensive certification and accreditation (C&A) framework with 
appropriate tool support. In this paper, we present an active approach to provide 
effective tool support that automates the DoD Information Technology Security 
C&A Process (DITSCAP) for information networks in the DII.  

1   Introduction 

The DoD increasingly relies on software information systems, irrespective of their 
level of classification, in order to perform a variety of functions to accomplish their 
missions. The DITSCAP provides an excellent platform to assess the security of soft-
ware information systems from organizational, business, technical and personnel as-
pects while supporting an infrastructure-centric approach. However, the lack of an in-
tegrated C&A framework and tool support often diminishes its effectiveness. 
DITSCAP itself can be quite overwhelming due to its long and exhaustive process of 
cross-checks and analysis which requires sifting through a multitude of DITSCAP po-
lices and requirements. The complex interdependencies that exist between informa-
tion from such large and diverse sources, significantly restricts human ability to effec-
tively comprehend, develop, configure, manage and protect these systems.  

To address these shortcomings and enhance the effectiveness of DITSCAP, we dis-
cuss our design principles, modeling techniques and supporting theoretical founda-
tions that lead to the conceptual design of the DITSCAP Automation Tool 
(DITSCAP-AT). DITSCAP-AT aggregates C&A related information from various 
sources using a uniform representation scheme, and transforms static record keeping 
repositories into active ones that link to each other from different perspectives, allow-
ing for their reuse and evolution through all stages of the system C&A lifecycle. 
DITSCAP-AT combines novel techniques from software requirements engineering 
and knowledge engineering to leverage the power of ontologies [10] for representing, 
modeling and analyzing DITSCAP-oriented requirements, while actively assisting the 
discovery of missing, conflicting and interdependent pieces of information that are 
critical to assess DITSCAP compliance. 
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2   DITSCAP Overview and Objectives for its Automation 

DITSCAP is a standard DoD process for identifying information security require-
ments, providing security solutions, and managing information systems security ac-
tivities [3] for systems in the DII. DITSCAP certification is a “comprehensive evalua-
tion of the technical and non-technical security features of an information system and 
other safeguards made in support of the accreditation process, to establish the extent 
to which a particular design and implementation meets a set of specified security re-
quirements” [3]. Ensuing certification, the accreditation statement is an approval to 
operate the information system in a particular security mode using a prescribed set of 
safeguards at an acceptable level of risk by a designated approving authority. 
DITSCAP distributes its activities over four phases that range from the initiation of 
the C&A activities to its maintenance and reaccreditations. The level of rigor in each 
phase depends on the certification level chosen for the information system among the 
four levels available [2]. The security plan for DITSCAP is documented in the Soft-
ware Security Authorization Agreement (SSAA) to “guide actions, document deci-
sions, specify IA requirements, document certification tailoring and level-of-effort, 
identify potential solutions, and maintain operational systems security” [3].  

Although the DITSCAP application manual [2] outlines the C&A tasks and activi-
ties along with associated roles and responsibilities of C&A personnel, they are ex-
pressed at an abstract level to maintain general applicability. Such abstractness makes 
it hard to ensure objectivity, predictability and repeatability in interpreting and enforc-
ing DITSCAP requirements and policies. Furthermore, an entirely manual approach 
to cross-reference a multitude of DITSCAP-oriented directives, security requisites 
and policies in the light of user/system criteria to determine applicable security re-
quirements raises serious concerns about the accuracy and comprehensiveness of such 
assessments. A structured and comprehensive method to assess and monitor the op-
erational risk of information systems is also missing in the current approach.  

To address the above shortcomings, the first and foremost objective of DITSCAP 
automation is to effectively assess the extent to which an information system meets 
the DITSCAP-oriented security requirements by supporting the process of identify-
ing, interpreting and enforcing the applicable requirements based on user/system cri-
teria. To reduce the amount of long and exhaustive documentation, carefully designed 
interfaces need to be developed that guide the user interactions through the DITSCAP 
tasks and activities. These interfaces should leverage thoroughly designed question-
naires and criteria, extracted from DITSCAP related C&A goals, directives, security 
requisites and other widely accepted best practices. These questionnaires along with 
predefined answers become the basis for building well defined metrics and measures 
that encompass the scope of the C&A goals addressed by them. The DITSCAP auto-
mation also demands structured, justifiable and repeatable methods to have for a com-
prehensive risk assessment, providing a firm basis to create cost versus risk measures. 
To actively discover and monitor network vulnerabilities, DITSCAP automation re-
quires network self-discovery capabilities that allow comparison between the intended 
and the actual operational environment. Currently we limit the scope of DITSCAP-
AT to level one DITSCAP certification as applied to Local Area Network (LAN) sys-
tems only. In the following section, we present the DITSCAP-AT conceptual archi-
tecture conceived through our analysis to accomplish the aforementioned objectives. 
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3.   DITSCAP-AT Conceptual Architecture 
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Fig. 1. DITSCAP-AT Conceptual Architecture 

The conceptual architecture of DITSCAP-AT is shown in Fig. 1. The Process-driven 
Workflow module guides the DITSCAP through a well-defined course of action that 
results in the elicitation of required user criteria and generation of the SSAA. The 
tasks contained in each process component (P1, P2…Pn) are extracted from the 
DITSCAP application manual [2] and homogenously grouped based on their interde-
pendent goals/objectives. Each task is then further expressed using carefully designed 
questionnaires/forms embedded in wizard-based interfaces to gather and establish 
well-defined C&A metrics and measures.  

The Requirements Repository module provides a complete ontological engineering 
support for DITSCAP-AT. It provides utilities to support representation of security 
requirements, meta-knowledge creation, ability to query pre-classified and catego-
rized information structures and other browsing and inference functionalities. The re-
quirements repository is a specialized module built upon the GENeric Object Model 
(GenOM) [6], an integrated development environment for ontological engineering 
processes with functionalities to create, browse, access, query and visualize associated 
knowledge-bases (Ontology + Rules). 

The Multi-strategy Machine Discovery module supports network self-discovery 
capabilities that allow the comparison of intended and operational environments. A 
set of network tools are selected on the basis of the information required to assess 
DITSCAP compliance, such as hardware, software and firmware inventories, configu-
rations of network devices and services, and vulnerability assessment using penetra-
tion testing. A combination of network discovery tools and scripts enables to gather 
and fuse aggregated information as meta-knowledge in the requirements repository, 
which is then suitably transformed for inclusion in the SSAA.   

The process components of the Process-driven Workflow module retrieve applica-
ble requirements/policies/meta-knowledge from the Requirements Repository and 
network discovery/monitoring information from the Multi-strategy Machine Discov-
ery module, to actively assist the user in the C&A process.  

In the following section, we discuss the use of information aggregated by 
DITSCAP-AT to achieve the objectives of DITSCAP automation.  
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4   The DITSCAP Automation Framework 

In order to actively support the C&A process, uniformly across the DII, we create a 
DITSCAP Problem Domain Ontology (PDO) that provides the definition of a com-
mon language and understanding of the DITSCAP domain at various levels of ab-
stractions through the application domain concepts, properties and relationships be-
tween them. The PDO is a machine understandable, structured representation of the 
DITSCAP domain captured using an object oriented ontological representation in the 
Requirements Repository. We elaborate more on methods and features for deriving 
the PDO in [7]. To satisfy the objectives of DITSCAP automation, the PDO specifi-
cally includes structured and well defined representations of: 1) A requirements hier-
archy based on DITSCAP-oriented directives, security requisites and policies; 2) A 
risk assessment taxonomy that includes links between related risk sources and leaf 
node questionnaires with predictable answers that have risk weights and priorities as-
signed to them; 3) Overall DITSCAP process aspect knowledge that includes C&A 
goals/objectives; 4) Meta-knowledge about information learned from network discov-
ery/monitoring tools; and 5) Interdependencies between entities in the PDO.  

One of the objectives of DITSCAP-AT is to assess the extent to which an informa-
tion system meets the DITSCAP-oriented security requirements by supporting the 
process of identifying, interpreting and enforcing the applicable requirements based 
on user criteria. The PDO supports such features through a requirements hierarchy 
that is constructed by extracting requirements from DITSCAP-oriented security direc-
tives, instructions, requisites and policies. A hierarchical representation includes high-
level Federal laws, mid-level DoD/DoN policies, and site-specific requisites in the 
leaf nodes, which naturally corresponds to generic requirements, domain spanning re-
quirements and sub-domain requirements in the requirements hierarchy. Also, there 
exists several non-taxonomic links that represent relationships within the require-
ments hierarchy as well as with other entities in the PDO.  

A requirements hierarchy, therefore, allows the determination of applicable secu-
rity requirements by successively decomposing the high-level generic requirements 
into a set of specific applicable requirements in the leaf nodes based on user criteria. 
Furthermore, the non-taxonomic links can be utilized to effectively interpret and en-
force requirements by identifying the related requirements in other categories as well 
as relationships with entities in various dimensions from the PDO to ensure a com-
prehensive coverage of the C&A process.    

To address the needs for a structured, justifiable and repeatable method for a com-
prehensive risk assessment, the PDO includes a risk assessment taxonomy which ag-
gregates a broad spectrum of all possible categories and classification of risk related 
information. The risk assessment goals expressed in the higher level non-leaf nodes of 
this taxonomy can be achieved using specific criteria addressed in the leaf nodes. For 
example, the risk taxonomy in the upper level non-leaf nodes consists of threat, vul-
nerabilities, countermeasures, mission criticality, asset value and other categories re-
lated to risk assessment. Each non-leaf node is then further decomposed into more 
specific categories. In addition, several non-taxonomic links identify relationships 
with other risk categories as well as with other entities in the PDO. Current scope of 
the risk related categorization is mainly based on the National Information Assurance 
Glossary [1] as well as other sources such as the DITSCAP Application Manual [2] 
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and the DITSCAP Minimal Security Checklist [2]. We also utilize the information se-
curity metrics that have been established by the National Institute of Standards and 
Technology [8], [9].  

A predictable and quantitative risk assessment is carried out using weights as-
signed to pre-classified answers for specific questions/criteria in the leaf nodes. These 
answers can be elicited from a variety of sources such as DITSCAP-AT users, net-
work self-discovered information, or other sources. Furthermore, the ques-
tions/criteria in the leaf nodes of the risk assessment taxonomy naturally relate to vari-
ous security requirements in the requirements hierarchy by expressing their testability 
in the form of criteria to measure their level of compliance. Such relationships along 
with the priorities/weights/criticalities associated with answers to questions/criteria in 
the leaf nodes of the risk assessment taxonomy can be used to develop complex risk 
calculation algorithms and establish metrics and measures that enable further articula-
tion of critical weakest points in the system. The risk assessment taxonomy also pro-
motes a uniform and comprehensive interpretation of different risk categories that are 
established through a common understanding of the concepts, properties and relation-
ships that exist in the DITSCAP PDO. Such a shared understanding is inevitable to ef-
fectively estimate the collective impact of residual risk from all supporting systems on 
the overall critical infrastructure.  

To populate the models discussed here, we have designed several core mock inter-
faces for DITSCAP-AT to realize a complete course of action for gathering and ana-
lyzing the required information [7]. Such mock interfaces provide a thorough under-
standing of the important aspects of DITSCAP-AT user interaction and offer valuable 
insight and assurance in realizing the theoretical aspects of DITSCAP automation.  

5   Multi-dimensional Link Analysis 

The root of Multi-Dimensional Link Analysis (MDLA) lies in the concept of proxy 
viewpoints model from the PVRD methodology proposed by Lee [5] to discover 
missing requirements and relationships. Lee suggests that “Individual pieces of infor-
mation finally become valuable knowledge when they establish ‘links’ with each other 
from various aspects/dimensions based on a certain set of goals”. Following this 
paradigm, MDLA can be carried out from different dimensions such as user criteria, 
viewpoints [4], system goals, business/mission requirements, regulatory requirements, 
specific operational concepts, and risk categories based on the DITSCAP C&A goals 
which can help understand various interdependencies between DITSCAP-oriented re-
quirements, facilitating their interpretation and enforcement. The DITSCAP PDO that 
resides in the requirements repository fosters such analysis due to its ontological 
characteristics that provides inherent properties for an active approach to link re-
quirements and other entities from different perspectives and dimensions. MDLA’s 
integrated framework for analytical analysis promotes assurance for a comprehensive 
coverage of the certification compliance space by actively assisting the process of 
discovering missing, conflicting, and interdependent pieces of information as well as 
establishing C&A metrics and measures based on common understanding and the re-
flected language from various dimensions.   
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5   Conclusion and Future Work 

DITSCAP-AT contributes to the automation of DITSCAP in several ways. Firstly, it 
provides an effective tool support to identify, interpret and enforce DITSCAP polices 
and requirements. Secondly, it provides a structured and comprehensive approach to 
risk assessment from a broad spectrum of categories contributing to risk and finally, 
the ability to perform multi-dimensional link analysis provides the opportunity to re-
veal the “emergent” or “missing” information pieces that in-turn provides the assur-
ance of a comprehensive coverage of the certification compliance space. 

Our future work includes the software realization of DITSCAP-AT mock inter-
faces while systematically realizing all its core functional components. Although we 
limit the current scope of DITSCAP-AT to include DoD directives, security requisites 
and best practices for secure software development, it can be easily scaled to accom-
modate general security requirements, policies and practices in any domain of inter-
ests. We also realize that development of appropriate metrics and measures for a 
comprehensive and uniform risk assessment in the DITSCAP domain is an area that 
requires significant attention for the success of DITSCAP-AT. 

Acknowledgements 
This work is partially supported by the grant (Contract: N65236-05-P-0597) from the 
Critical Infrastructure Protection Center (CIPC), Space and Naval Warfare 
(SPAWAR) Systems Center, Charleston, SC. USA. We acknowledge the support and 
encouragement from Scott West, John Linden, Bill Bolick, and Bill Chu. Finally, we 
thank Divya Muthurajan and Vikram Parekh for their contributions to this research. 

6   References 

1. Committee on National Security Systems (CNSS) Instruction No. 4009.: National Informa-
tion Assurance (IA) Glossary. (2003) 

2. DoD 8510.1-M: DITSCAP Application Manual (2000) 
3. DoD Instruction 5200.40.: DITSCAP (1997) 
4. Kotonya, G. and Sommerville, I.: Requirements Engineering with Viewpoints. BCS/IEEE 

Software Engineering Journal, Vol. 11, Issue 1 (1996) 5-18 
5. Lee, S.W. and, Rine D.C.: Missing Requirements and Relationship Discovery through Proxy 

Viewpoints Model. Studia Informatica Universalis: International Journal on Informatics, 
December (2004) 

6. Lee, S.W. and, Yavagal, D.: GenOM User’s Guide. Technical Report: Dept. of Software and 
Information Systems, UNC Charlotte (2004) 

7. Lee, S.W., Ahn, G. and Gandhi, R.A.: Engineering Information Assurance for Critical Infra-
structures: The DITSCAP Automation Study. To apprear in: Proceedings of the Fifteenth 
Annual International Symposium of the International Council on Systems Engineering 
(INCOSE ‘05), Rochester New York July (2005) 

8. Swanson, M., Nadya, B., Sabato, J., Hash, J., Graffo, L.: Security Metrics Guide for informa-
tion Technology Systems. NIST #800-55 (2003) 

9. Swanson, M.: Security Self-Assessment Guide for Information Technology Systems. NIST 
#800-26 (2001) 

10. Swartout, W. and Tate, A.: Ontologies. In: Intelligent Systems, IEEE, Vol. 14(1) (1999) 

In Proceedings of the IEEE International Conference on Intelligence and Security Informatics (IEEE ISI-2005), 
Atlanta, Georgia, May 19-20, 2005. 

A Book Chapter in Lecture Notes in Computer Science, Volume 3495, pp. 479-485, Springer.

6 of 6



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


