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COSOSIMO SURVEY:  What Factors Influence System-of-Systems (SoS) Lead System Integrator (LSI) Effort?

Survey Purpose and Background:

During the last COSOSIMO Workshop in April 2005, questions were raised as to how COSOSIMO effort differs from COSYSMO effort and whether there is really a need for two separate models in this area.  Further research has been conducted on SoS LSI effort and this research has been summarized in the accompanying pre-read documents.  The purpose of this survey is to better identify any key differences between SoS LSI cost parameters and the more general system engineering (SE) cost parameters (e.g., COSYSMO). The results of this survey will help USC CSE determine the best approach for estimating SoS LSI effort:  either a separate cost model or a special calibration/ tailoring of COSYSMO.

In past surveys, COSOSIMO Workshop participants have indicated that they are not always the right person from their organization to respond to SoS-related surveys, Therefore, it is hoped that the University of Southern California (USC) Center for Software Engineering (CSE) affiliates participating in the COSOSIMO workshops will either complete this survey and/or forward copies of this survey to persons within their organizations that are best suited to these questions related to activities performed by SoS LSIs.  Please return completed surveys to Jo Ann Lane (jolane@usc.edu) by 15 August 2005.  

*****************************************************************
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Survey Respondent Information:

Your Name
______________________
Corporation name    ______________________

Division 
______________________
Location (City, State)_____________________

Email address
______________________
Phone                        _____________________

   Years of experience in System Engineering 



____________

   Years of experience with SoS Architecture Development 


____________

   Years of experience with SoS Implementation



____________

   Years of experience with SoS Integration and Test



____________

   Years of experience with SoS component development and maintenance
____________

   Years of experience in a SoS LSI Role



____________

If you have SoS LSI experience, describe your role on the SoS LSI team:       ____________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________
What categories would best describe your SoS application domain? (Check all that apply)

	 FORMCHECKBOX 
 Agriculture
	 FORMCHECKBOX 
 Aircraft/Avionics (Commercial jets, helicopters, avionics devices)
	 FORMCHECKBOX 
 Automotive / Motor Vehicles (cars, trucks, buses, etc.)

	 FORMCHECKBOX 
 Data Systems/Information Technology (health care, legal, business records and databases, etc.)
	 FORMCHECKBOX 
 Energy (coal, gas, oil, electric production and distribution, etc.)
	 FORMCHECKBOX 
 Environmental/Waste Mgt (restoration, preservation, conservation, waste mgt, etc.)

	 FORMCHECKBOX 
 Financial
	 FORMCHECKBOX 
 Geographic Information
	 FORMCHECKBOX 
 Infrastructure (Facilities, urban planning, asset mgt, etc.)

	 FORMCHECKBOX 
 Manufacturing
	 FORMCHECKBOX 
 Marine (Boats, ships, etc)
	 FORMCHECKBOX 
 Medical Technology (Medical systems, devices, treatments)

	 FORMCHECKBOX 
 Military/Defense (Tanks, Missiles, etc.)
	 FORMCHECKBOX 
 Natural Resource Management (Water, etc.)
	 FORMCHECKBOX 
 Pharmaceutical/Chemical

	 FORMCHECKBOX 
 Scientific/Research
	 FORMCHECKBOX 
 Space Systems
	 FORMCHECKBOX 
 Telecommunications

	 FORMCHECKBOX 
 Transportation Systems (Railway, Air traffic, Highway, Waterway, etc.)
	 FORMCHECKBOX 
 Other      
	


For questions contact:

Jo Ann Lane

University of Southern California

Center for Software Engineering

Email: jolane@usc.edu

Phone: (858) 945-0099

Fax: (213) 740-4927

1. One of the questions that USC CSE is trying to answer is whether the cost model to estimate SoS LSI effort is just a special tailoring/calibration of the Constructive System Engineering Cost Model (COSYSMO) or whether a separate cost model is required to estimate this effort.  This survey attempts to look at both the current COSYSMO parameters and the proposed COSOSIMO parameters to determine if a) the COSYSMO parameters are sufficient to estimate SoS LSI effort, b) the proposed COSOSIMO parameters that are different from the COSYSMO parameters are required, and c) if there are other factors required to adequately estimate the SoS LSI effort that are not reflected in either set of parameters.

a. Size Factors:  Please review the size drivers listed below and indicate for each one whether it is related to SoS LSI effort, and if so, how applicable it is.  Note that the “Currently In” columns are information only, indicating which models the size drivers currently apply to.  For each size driver, please indicate with an “M” if it is applicable to LSI management effort and with a “T” if it is applicable to LSI technical effort.  Each size driver should have one M and one T indicated.  If there are size drivers that you feel are applicable to SoS LSI effort, but not included in the table, please add them (along with a brief description) at the end of this section.

	Size

Driver
	Currently In
	Definition
	Applicability to SoS LSI Effort Estimation

	
	COSYSMO
	COSOSIMO (proposed)
	
	High
	Medium
	Low
	Not Applicable

	Number of System Requirements
	X
	
	This driver represents the number of requirements for the system-of-interest at a specific level of design.  The quantity of requirements includes those related to the effort involved in system engineering the system interfaces, system specific algorithms, and operational scenarios.  Requirements may be functional, performance, feature, or service-oriented in nature depending on the methodology used for specification.  They may also be defined by the customer or contractor.  Each requirement may have effort associated with it such as V&V, functional decomposition, functional allocation, etc.  System requirements can typically be quantified by counting the number of applicable shalls/wills/shoulds/mays in the system or marketing specification.  Note: some work is involved in decomposing requirements so that they may be counted at the appropriate system-of-interest.

	
	
	
	

	Number of System Interfaces
	X
	X
	This driver represents the number of shared physical and logical boundaries between system components or functions (internal interfaces) and those external to the system (external interfaces). These interfaces typically can be quantified by counting the number of external and internal system interfaces among ISO/IEC 15288-defined system elements.

	
	
	
	

	Number of System-specific Algorithms
	X
	
	This driver represents the number of newly defined or significantly altered functions that require unique mathematical algorithms to be derived in order to achieve the system performance requirements. As an example, this could include a complex aircraft tracking algorithm like a Kalman Filter being derived using existing experience as the basis for the all aspect search function. Another example could be a brand new discrimination algorithm being derived to identify friend or foe function in space-based applications. The number can be quantified by counting the number of unique algorithms needed to realize the requirements specified in the system specification or mode description document.

	
	
	
	

	Number of Operational Scenarios
	X
	X
	This driver represents the number of operational scenarios that a system must satisfy. Such scenarios include both the nominal stimulus-response thread plus all of the off-nominal threads resulting from bad or missing data, unavailable processes, network connections, or other exception-handling cases.  The number of scenarios can typically be quantified by counting the number of system test thread packages or unique end-to-end tests used to validate the system functionality and performance or by counting the number of use cases, including off-nominal extensions, developed as part of the operational architecture.

	
	
	
	

	Sub-System Software Size 
	
	X
	This driver represents the software subsystem size.  It is measured in terms of effective thousand lines of code (eKSLOC).   eKSLOC can calculated using COCOMO II or a comparable estimation model or technique.   An alternative proposal suggests that only the interface-related software size be used.

	
	
	
	

	Number of Component Systems
	
	X
	Number of separately-developed, unique, component-systems to be integrated into the SoS architecture.
	
	
	
	

	Number of SoS Interface Protocols
	
	X
	The number of distinct interface protocols to be provided by the SoS framework.
	
	
	
	

	Number of Independent System Component Organizations
	
	
	The number organizations that are providing system components that will operate within the SoS framework.
	
	
	
	

	OTHERS
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


b. Scale Factors:  Please review the scale factors listed below and indicate for each one whether it affects SoS LSI effort, and if so, how applicable it is.  Note that the “Currently In” columns are information only, indicating which models the scale factors currently apply to.  For each scale factor, please indicate with an “M” if it is applicable to LSI management effort and with a “T” if it is applicable to LSI technical effort.  Each scale factor should have one M and one T indicated.  If there are scale factors that you feel are applicable to SoS LSI effort, but not included in the table, please add them (along with a brief description) at the end of this section.

	Scale

Factor
	Currently In
	Definition
	Applicability to SoS LSI Effort Estimation

	
	COSYSMO
	COSOSIMO (proposed)
	
	High
	Medium
	Low
	Not Applicable

	Requirements Understanding
	X
	
	This cost driver rates the level of understanding of the system requirements by all stakeholders including the systems, software, hardware, customers, team members, users, etc.  Primary sources of added systems engineering effort are unprecedented systems, unfamiliar domains, or systems whose requirements are emergent with use.

	
	
	
	

	Architecture Understanding
	X
	X
	This cost driver rates the relative difficulty of determining and managing the system architecture in terms of platforms, standards, components (COTS/GOTS/NDI/new), connectors (protocols), and constraints.  This includes tasks like systems analysis, tradeoff analysis, modeling, simulation, case studies, etc.   (COSOSIMO interpretation:  Architecture Maturity—A  parameter that represents the level of maturity of the SoS architecture.  It includes the level of detail of the interface protocols and the level of understanding of the performance of the protocols in the SoS framework).

	
	
	
	

	Level of Service Requirements
	X
	
	This cost driver rates the difficulty and criticality of satisfying the ensemble of level of service requirements, such as security, safety, response time, interoperability, maintainability, Key Performance Parameters (KPPs), the “ilities”, etc.

	
	
	
	

	Migration Complexity
	X
	
	This cost driver rates the extent to which the legacy system affects the migration complexity, if any.  Legacy system components, databases, workflows, environments, etc., may affect the new system implementation due to new technology introductions, planned upgrades, increased performance, business process reengineering, etc.

	
	
	
	

	Technology Risk
	X
	
	The maturity, readiness, and obsolescence of the technology being implemented.  Immature or obsolescent technology will require more Systems Engineering effort.

	
	
	
	

	Documentation Match to Life Cycle Needs
	X
	
	The formality and detail of documentation required to be formally delivered based on the life cycle needs of the system.  

	
	
	
	

	Number and Diversity of Installations/ Platforms

	X
	
	The number of different platforms that the system will be hosted and installed on.  The complexity in the operating environment (space, sea, land, fixed, mobile, portable, information assurance/security).  For example, in a wireless network it could be the number of unique installation sites and the number of and types of fixed clients, mobile clients, and servers.  Number of platforms being implemented should be added to the number being phased out (dual count).

	
	
	
	

	Number of Recursive Levels in the Design

	X
	
	The number of levels of design related to the system-of-interest (as defined by ISO/IEC 15288) and the amount of required SE effort for each level.

	
	
	
	

	Stakeholder Team Cohesion

	X
	
	Represents a multi-attribute parameter which includes leadership, shared vision, diversity of stakeholders, approval cycles, group dynamics, IPT framework, team dynamics, trust, and amount of change in responsibilities.  It further represents the heterogeneity in stakeholder community of the end users, customers, implementers, and development team.

	
	
	
	

	Personnel/Team Capability

	X
	X
	Basic intellectual capability of a Systems Engineer (compared to the national pool of SEs) to analyze complex problems and synthesize solutions.   (COSOSIMO definition focuses on integration team.)

	
	
	
	

	Personnel Experience/ Continuity

	X
	X
	The applicability and consistency of the staff at the initial stage of the project with respect to the domain, customer, user, technology, tools, etc.  (COSOSIMO definition focuses on integration team.)

	
	
	
	

	Process Capability

	X
	X
	The consistency and effectiveness of the project team at performing SE processes.  This may be based on assessment ratings from a published process model (e.g., CMMI, EIA-731, SE-CMM, ISO/IEC15504).  It can also be based on project team behavioral characteristics, if no assessment has been performed.  (COSOSIMO definition focuses on integration processes.)

	
	
	
	

	Multi-site Coordination
	X
	
	Location of stakeholders, team members, resources, corporate collaboration barriers.
	
	
	
	

	Tool Support
	X
	X
	Coverage, integration, and maturity of the tools in the Systems Engineering environment.  (COSOSIMO definition focuses on integration lab.)
	
	
	
	

	Integration Simplicity
	
	X
	A parameter that represents the degree of system component coupling, processing criticality, scope of key performance parameters, and system precedentedness.
	
	
	
	

	Integration Risk Resolution
	
	X
	A multi-attribute parameter that represents the number of major integration risk items, the maturity of risk management and mitigation plan, compatibility of schedules and budgets, expert availability, tool support, and level of uncertainty in integration risk areas
	
	
	
	

	Integration Stability
	
	X
	Indicates anticipated change in integration components during system of system integration activities.
	
	
	
	

	Component Readiness
	
	X
	Indicates readiness of component systems for integration.  User evaluates level of verification and validation that has/will be performed prior to integration and the level of subsystem integration activities that will be performed prior to integration into the SoS integration lab.


	
	
	
	

	Cost/Schedule Compression
	
	X
	The extent of business or political pressures to reduce cost and schedule.


	
	
	
	

	Component System Maturity and Stability
	
	X
	A multi-attribute parameter that indicates the maturity level of the system components (number of new component systems versus number of component systems currently operational in other environments), overall compatibility of the system components with each other and the SoS interface protocols, the number of major component system changes being implemented in parallel with the SoS framework changes, and the anticipated change in the component systems during SoS integration activities.
	
	
	
	

	OTHERS
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


2. List any explanatory comments that you would like to include as part of this survey (use additional pages if necessary):







Your responses in this survey should reflect of your personal experience throughout your career and not be dramatically influenced by one abnormal experience.  Survey responses will remain anonymous.  Participant information is collected for follow-up purposes only.













































































































































































































































































































































































































































































































































































































































































































































































PAGE  
5

