Hierarchy of System Specifications

Table 1 reviews the hierarchy  of  system specifications drawn from Theory of Modeling and Simulation. The columns on the right offer examples of  a scuba diver and student viewed as systems at each level of specification. 

	Level
	Name
	System Specification at this level
	Scuba Diver Example
	Student as a System

	4
	Coupled Systems
	System built from component systems with coupling recipe. 
	Structural representation of Diver in terms of e.g., processing modules and their interaction 
	Structural representation of student in terms of e.g., processing and learning modules and their interaction

	3
	I/O System Structure
	System with state and state transitions to generate the behavior. 
	Diver’s decision algorithm to execute planned dive 
	States represent student’s learned skills and capabilities; transitions represent movement from a skill level to a higher one

	2
	I/O Function
	Collection of input/output pairs constituting the allowed behavior partitioned according to initial state of the system. 
	Diver’s planned dive trajectory – levels and time at each level starting on surface 
	For each learning state, the observable manifestation, viz., the pairs of input problems and output candidate solutions characterizing the student’s response in the given state – input problem/output solution will differ as higher learning states are reached

	1
	I/O Behavior
	Collection of input/output pairs constituting the allowed behavior of the system from an external Black Box view. 
	Diver’s outputs under the surface over time in response to external inputs 
	Streams of input problems and associated output candidate solutions 

	0
	I/O Frame
	Input and output variables and ports together with allowed values. 
	Diver’s receivable signals (inputs) and sendable signals (output) 
	Inputs – problem instances selected from systems problems types

Outputs –candidate solutions in response to problems


Table 1.  Systems specification hierarchy.

. 

Generally, transitioning from higher to lower levels in the specification hierarchy, i.e., from structure to behavior, involves working out explicitly what is implicit in the given description. On the other hand going from lower to higher levels, i.e., from behavior to structure, presents an under-constrained problem, requires adding new structure to what is given, and can be characterized as a search rather than a computation. The systems specification hierarchy provides a basis for understanding the types of problems that are encountered in applying modeling and simulation to systems development, engineering, management, and testing. 



























































































