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The complex normative context in the field of industrial areas like aerospace and defense require appropriate guidance to distinguish the purpose of the standards involved and specially the overlapping and borders among them. The aim of this paper is to present a practical mapping between CMMI-DEV v1.2 (ML3) and INCOSE Systems Engineering Handbook v.3.1. Summaries with bi-directional mappings are provided as well as a detailed mapping.

Introduction

Industry has a growing interest on standardization of those activities under the scope of the Systems Engineering discipline. Several initiatives have been put in place since late 60s from the Mil-Std-499 until last version of ISO/IEC15288:2008 [5] (see Fig. 1).

In parallel to this international standardization mainstream, the International Council on Systems Engineering (INCOSE) has produced a handbook [3] conceived as the practical guidance reference for Systems Engineers. In addition to these initiatives, the Software Engineering Institute (SEI) has promoted over the last decade the de facto standard CMMI [1][2] (Capability-Maturity Model for Integration) as a reference framework to be used by organizations developing systems (embedding or not software) to measure their maturity as productive entities. Although CMMI comes from the software world, this version "for integration" considers general aspects of systems production, regardless they apply particularly to software. This movement towards system's world makes CMMI an interesting complement of SE standards to cover those process management aspects these other standards are lacking. In such a complex normative context it is always difficult to know which are the borders among norms and references, and therefore practical mappings In addition to the mapping summary in both directions, a detailed mapping is provided in the annex, and those aspects not covered in one reference with respect to the other are also highlighted.

Assumptions

INCOSE SE HB v3.1 has no formal processstructure (like ISO12207 or ISO 15288). The handbook is organized in a documental way by processes and within each process there are no explicit subsections per activity. Activities are included in the process diagrams and described in a specific section with no additional breakdown. The comparison has been made under the assumption that process diagrams included in the HB can be interpreted as follows: Process X uses inputs, produces outputs and has some main activities inside. The activities in the diagrams are the basic elements to be compared. The rest of elements used in the HB have been considered as informative. From CMMI side the model elements used for comparison purpose are the specific practices (SPs). Generic practices have not been considered explicitly as their main role is to handle the institutionalization of SPs. The percentage values provided in the comparisons represent the number of atomic elements in one reference covered in the other with respect to the total number of elements within the aggregated element (process in the HB or SPs in CMMI).

It is also worth to mention that not all HB processes have counterparty in CMMI (e.g. Operation, Maintenance or Disposal). This partial mismatch is reasonable as long as both frameworks are conceived for different purposes. The opposite statement is also true: CMMI considers additional aspects not taken into account in the HB (e.g. training, process improvement or measurement). This mapping was performed against version 3.1 of SE Handbook. Version 3.2 [4] (published in January 2010) includes a high level mapping with CMMI for Development model not present in the previous version.

CMMI to INCOSE SE HB Mapping

As a general summary, an organization holding a quality system aligned with the INCOSE SE HB will cover about 60% of the CMMI L3 specific practices. With respect to the CMMI L2 practices, the coverage is slightly better: 66%. A first observation from this mapping is that there are very few CMMI process areas for which all the specific practices are covered in the HB (only Supplier Agreement and Technical Solution are fully covered). This fact contrasts with the opposite mapping, where most of the processes in the HB are fully covered by CMMI practices. The results per process area can be summarized as follows (see Table 1):

Measurement and Analysis (MA) is not covered at all. In fact, there is no explicit measurement process in the handbook. The HB is not oriented to process improvement but to process definition.

In Organizational Training (OT) only 14% of the practices are covered. Therefore the HB does not focus particularly on skills improvement. Although PP and VER show a relatively high coverage rate, they should be in the upper band due to their impact in the project performance.

The main reason why VER is not in the upper band is the lack of peer reviews in the HB. A special emphasis is given to this verification technique in CMMI.

Concerning PP, the reason for its lack of coverage is that CMMI requires reviewing and tracking the plans. 

INCOSE SE HB to CMMI Mapping

From the analysis performed, the main result extracted is that an organization with a CMMI accreditation of maturity level 3 covers 76% of the activities included in the INCOSE SE handbook. Taking into account this figure, it could be concluded that CMMI is wider than INCOSE HB, but it is also true that not all the processes in the HB are considered in CMMI. Another interesting observation from the Table 2 is that most of handbook processes are fully covered by some practice of CMMI: 16 out of 25 processes. The results per process type can be summarized as follows (see Table 2): Operation, Maintenance, Disposal and Supply are not treated in CMMI at all. The reason can be that these processes are typically related with the operation of a system once created. CMMI for Development is more focused in the production cycle, regardless the operation of the system. 

Comparison with ISO15288

In Aerospace and Defense field, additional standards are required to be fulfilled in order to get systems certified for operation. Standards like SAE ARP4754 or RTCA DO-178B are some examples of such norms. The quality systems of the organizations in this field must be compliant in addition with special regulations which include aspects related with the operation of the systems. Particularly the AQAP160 is a NATO norm, applicable at software level, which is composed by a combination of ISO12207, ISO9001 and specific military requirements, is largely compliant with ISO15288 requirements. The additional processes Supply, Operation, Maintenance and Disposal are present in this norm. Additionally, the Tailoring Process is used to instantiate the quality system to particular projects. 
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  Project Management and Causal Analysis & Resolution) have been excluded from this analysis because they are very much concerned with the performance of an organization in contrast with the process orientation of the low maturity process areas.

  

  As expected, the better coverage rate corresponds to the technical process areas and the worst to the process definition and organizational process areas.

	The rest of process areas are largely covered by
	the HB, and the discrepancies are only
	attributable to the particularities of CMMI:
	o Configuration Management (CM): 86%
	o Decision Analysis & Resolution (DAR): 83%
	o Project Monitoring & Control (PMC): 80%
	o Requirements Management (RM): 80%
	o Validation (VAL): 80%
	o Product Integration (PI): 78%
	It is also worth to highlight the aggregated coverage
	level per process area types:
	Process Management: 40%
	Project Management: 59%
	Engineering: 71%
	Support: 52 %

Table 1 .
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	The rest of technical processes are fully	Finally, it is interesting to remark that the coverage of
	covered. Although no explicit process area exist	the INCOSE SE HB by CMMI L3 is of 92%, if the
	in CMMI for transition activities, they are covered	system operation aspects are excluded. This
	in several practices of the PAs Technical	basically means that CMMI can be considered
	Solution, Product Integration and Validation.	largely compatible with the system development part
	Concerning Project Processes of the HB, the	of the INCOSE SE HB.
	comment is that only one aspect of the Project	
	Assessment is not considered in CMMI:	
	monitoring of new technologies. The rest of	
	aspects are fully covered.	
	Main discrepancies fall on the Enterprise and	
	Agreement Processes of the HB. Although	
	percentages are diverse, the discrepancy is just	
	one activity per process. The overall figure has	
	been calculated with respect to the total number	
	of activities within each process:	
	o Resource Management: 88%	
	o Acquisition: 88%	
	o Enterprise Environment Management: 83%	
	o Investment Management: 83%	

Table 2 .
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One of the main differences between versions 3.2 and 3.1 of the INCOSE SE HB is the one-to-one mapping in their sections (see Table 3). The last version of the HB has in fact the same process structure than the ISO15288 (and the ISO12207 as well).

Table 3. ISO15288 vs. INCOSE SE HB v3.2

Conclusions

The main conclusion obtained is that CMMI and INCOSE SE HB are not competing but complementary approaches. The INCOSE handbook fully covers all the activities relevant from the perspective of the Systems Engineer practitioner. It is not specially focused on process measurement or improvement. On the other hand, CMMI is a reference framework for process improvement purposes. A recommended approach could be to define a quality system according to the recommendations provided by the INCOSE HB and complement it with additional processes to cover the process improvement aspects. The alignment with CMMI is strongly recommended when a mature organization aims to improve its efficiency while creating their products. Nevertheless, CMMI can be counterproductive in very immature organizations as it involves many control activities which could make fail the whole productive process.