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The Scenario Sequence Diagram modeling technique began as a Use Case elaboration exercise.  In separate work with both Lockheed-Martin and Boeing, we have been successfully using Scenario Sequence Diagrams to model and document system behavior and flow the knowledge gained into the traditional requirements and design documents.  Although we have attempted to use many of the various modeling packages based on the UML we find the UML incomplete for our purposes and bloated with unnecessary and disconnected constructs.

Introduction

The UML and the developing SysML provide a multitude of diagrammatic representations which must be generated to complete a model.  “Correctly” executing an individual diagram type requires knowledge and diligence, completing an entire system model is daunting.  An industry has, and is, evolving around training supporting and developing tools to generate these models.  In my experience, and from conversations with others, most of the diagrams are unnecessary, duplicative, and not intrinsically interrelated where they would provide utility.  These models are collections of independent diagrams.  Each diagram providing a different “view” of the system.  Multiple “views” must be studied and internally processed to “see” the entire system.  We have scrapped them all, or more correctly, combined the attributes of several into one universal representation we find useful throughout the project lifecycle, the Scenario Sequence Diagram. True, multiple SSD diagrams are utilized to model the system but semantic integrity is maintained by recognizing the inherent hierarchical nature of systems.
What is the Systems Engineer’s Objective?

We should not let the model become the end.  We must keep focused on the goal.  Back to basics.

Understand the customer’s desires and needs.  Listen to and model their Use Cases.  Model our understanding of the Use Cases to communicate our understanding back to the customer for validation or correction.  Once the functional understanding is achieved these are the system requirements, the requirements model.  

From the system level requirements model we develop an architecture to be used to decompose the system.  Behavior, architecture (physical and logical) and interfaces are all decomposed.  The model is now a notional architectural model, used to communicate the system to the developers.

The elaborated architecture of physical, logical and behavioral implementations is analyzed by the developers for achievability from cost, schedule and engineering perspectives and becomes the design document or build specification.  

What is now the design model is used to test the system in a manner that links back through the evolution of the model to the customer’s initial desire.  

Ultimately the model provides the descriptions of utilization that Users Manuals and training are derived from.  

This process is a fluid flow of model development using simple depictions which are fundamentally interrelated.  This is achieved with the Scenario Sequence Diagram.

Scenario Sequence Diagram Modeling
The Scenario Sequence Diagram modeling depicts behaviors of, and interactions between, physical and logical objects (actors) of the system.  The approach acknowledges and supports the hierarchical nature of systems allowing logical and physical architecture decomposition as well as messaging and behavior decomposition.  The SSD supplants the individual view perspectives of Context Diagrams, Interface Diagrams, Data Flow Diagrams, Message Sequence Charts, Sequence Diagrams, Use Case Model Diagrams, and Activity Diagrams by integrating them into a single diagram.
This approach has direct applicability throughout the entirety of the project lifecycle yet is independent of the type of project lifecycle employed.  The approach facilitates System Function Understanding, Initial Function Decomposition, Notional Architecture Development and Function Validation, Detailed Design Development and Validation, Assembly, Integration & Test and Requirement Verification & Sell Off.  
Scenario Sequence Diagram modeling provides a technique and methodology for exploring the analysis and design problem space with the product, the diagram, intrinsically capturing the behavior, architecture and interface requirements.  The model typically is incorporated into both System Engineering Design Documents (SEDD) or Concept of Operations documents and directly supports the specification suite.  

What is A Scenario Sequence Diagram?

The Scenario Sequence Diagram (SSD) is a graphic depiction of a behavior sequence (Use Case) layered over the system architecture, at the appropriate layer of abstraction.  The key elements are:

· Actors – Actors are represented as boxes, except for human actors which are shown as stick figures. The actors of a scenario are shown across the top of the diagram.

· Lifelines – Lifelines are the vertical lines drawn down from each actor.  Time proceeds down the page.

· Use Case – Use Cases are the behaviors of the actors.  Use Cases are shown as “bubbles” on the lifeline of the actor executing the behavior.

· Messages – Messages are sent from a source to a destination actor.  Messages typically trigger an activity of the destination actor.  Messages contain data and/or control directives.  

· Transaction – A transaction is a sequence of behavior consisting of a message from a source actor to the destination actor, initiating the Use Case of the destination actor.

Figure 1 illustrates these elements in a trivially simple system.
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Figure 1 3-way lamp Scenario Sequence Diagram
Utility of the Scenario Sequence Diagram

The Scenario Sequence Diagram is a multi-purpose diagram external to the UML which captures many aspects of physical and functional architecture, and system behavior, in one diagram.  The Scenario Sequence Diagram supplants several of the diagrams used in Systems Engineering design diagrams and provides utility beyond the combination of all of them.

Context Diagrams - The SSD, by listing the involved actors across the top of the diagram, illustrates the system’s physical, and functional, context and shows which actors interact in the scenario.

Interface Diagrams - The SSD, through depiction of message traffic, graphically illustrates physical and logical interfaces between actors.

Data Flow Diagram - The SSD data messages illustrates data flow between actors.

Data Dictionary - The SSD, and especially the companion Event Flow Table, through the capture of each specific message, provides the equivalent of a data dictionary for the scenario.

Message Sequence Chart- The SSD illustrates sequential message exchanges between actors accomplishing the scenario.

Use Case Model Diagram – The activities populating the vertical “life lines” of the actors are the Use Cases executed by each actor for the scenario.  A Use Case is a requirement levied on that actor.
Activity Diagram - The SSD, through depiction of sequential Use Case execution is analogous, but superior, to the UML “Activity Diagram” in that it identifies the behaviors required of the actor in the execution of the scenario.  The UML “activity diagram” merely shows state without exposing or elaborating behavior.

Event Flow Table

Several CASE tools exist which integrate UML diagrams with requirements databases.  This is a very positive aspect for our industry but the complexity and limitations of the UML and SysML approach to modeling systems, undercut the utility for the practicing systems engineer. We have, unfortunately, found the rather “brute force” approach of graphic modeling and textual data capture of the Event Flow Table to be more productive.  We have found Visio to be a viable graphic modeling tool.  It is quick and easy to learn and doesn’t get in the way of the objective.  MS Word® is typically used for the text capture and migrated into the requirements database.  Naturally maintenance becomes the issue.  This area is ripe for development.
The Event Flow Table is the textual companion to the Scenario Sequence Diagram (SSD) and provides significant additional aspects which enable the combination of the two to be used as a design and requirements validation tool. Structurally the Event Flow Table is a multi column table capturing the Source, Destination, Message and Activity of each “transaction” in the SSD. Because the SSD is a sequence the first 2 columns of the EFT can be used to capture the sequential numbering of the transactions in the SSD and relative times (typically t -0 times) for sequences of transactions. Additionally the Requirements and assumptions columns are used to allocate requirements to design (or derive requirements from functions) and to capture assumptions associated with either.  This is where linkage to requirements databases is a natural goal.  A comments column is often useful to capture the extraneous bits of information exposed during the analysis of the behavior.  Additional columns are often added for specific attribute capture such as constraints and fault mode identification.  These are typically captured as requirement attributes in the standard requirements repositories.
Table 1 Event Flow Table (format)
	#
	T/L
	Source
	Destination 
	Message
	Action
	Requirement
	Assumption/ Comment

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Function/Utility of the SSD and EFT Elements
	Event Flow Table Column(s)
	Function/Utility

	Source - Destination-Message-Activity columns


	The Source — Destination —Message- Activity columns provides textual description of each transaction represented in the Scenario Sequence Diagram. Together the SS and EFT allow customer validation/clarification of contractor interpretation of requirements and customer Conops intent. (A-Spec, System Conops)

SSD and Event Flow Table consists of linkages of Segment level Use Cases (activities) necessary to implement the system use case. (System Conops)

	Activity Column


	The Activity column identifies behavior, as next level Use Cases, which correspond to necessary next level Spec requirements. (B-Specs)

Identified next level Use Case list provides starting point for next level behavioral decomposition. (C-Specs)

	Source — Destination -Message

Columns
	The Source — Destination -Message sequence defines necessary system interfaces and their function. (ICD/IRS)

	Requirements Column
	Shows contractors association of requirements with system behavior (Conops) allows customer validation/clarification of intent. (A-Spec, System Conops)

	Assumptions Column
	Identifies contractor assumptions regarding ambiguous requirements allows customer validation/clarification of intent.

	Design Comments Column
	Identifies contractor assumptions regarding ambiguous conops intentions allows customer validation/clarification of intent.


Additional discussion of SSD conventions can be found at http://www.sanelson.com/Work/SAN_work.htm#Papers 
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