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Summary:

Current requirements in SysML are expressed as text strings, which limit the ability to precisely express requirements that can be evaluated and verified. A more formal expression of requirements is needed that includes the ability to specify required input/output parameter relationships and/or constraints.  

A simple example is the specification of the required stopping distance of a vehicle as a function of the initial speed and the road conditions. The requirement can be specified in text, and augmented with an input/output parameter relationship as follows:
The Vehicle stopping distance shall not exceed the values in Table 1 as a function of initial speed and pavement condition.
	input
	input
	output
	
	input
	input
	output

	Initial Speed (mph)
	Pavement Condition (wet/dry)
	Req'd Stopping Distance-Dry (feet)
	
	Initial Speed (mph)
	Pavement Condition (wet/dry)
	Req'd Stopping Distance-Wet (feet)

	0
	dry
	0
	
	0
	wet
	0

	10
	dry
	4
	
	10
	wet
	6

	20
	dry
	17
	
	20
	wet
	22

	30
	dry
	38
	
	30
	wet
	50

	40
	dry
	67
	
	40
	wet
	89

	50
	dry
	104
	
	50
	wet
	139

	60
	dry
	150
	
	60
	wet
	201

	70
	dry
	205
	
	70
	wet
	273

	80
	dry
	267
	
	80
	wet
	357

	90
	dry
	338
	
	90
	wet
	451

	100
	dry
	418
	
	100
	wet
	557


An alternative expression in plot format can be:

The Vehicle stopping distance shall not exceed the values in Figure 1 as a function of initial speed and pavement condition.
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The input/output parameter relationship or constraint can be specified by an equation such as is the case for this example as follows:
Stopping distance <= (1/(2*32.174*alpha)*(5280*Initial Speed/3600)^2)

Start Speed = 0 …100

	
	alpha

	dry
	0.8

	wet
	0.6


More generally, the input and output parameter values may be complex functions of other parameters, and may have probability distributions associated with them. 

A solution to this issue shall satisfy the following requirements:

1) A requirement can be expressed in terms of input/output parameter relationships and/or constraints.
a) The parameters can by typed by value types with units and quantity kinds
b) The parameters can have direction to reflect whether they are inputs or outputs or no direction. The direction applies to a particular requirement context.
c) The parameters can be specified over a range of values

d) The parameters can have probability distributions

e) There can be any number of parameters with directions of input, output, or none
f) The relationship between the parameters can be expressed as a mathematical equation and presented in formats that include a mathematical or programming language, tables, and plots
g) The parameters and parameter relationships and/or constraints can be expressed using parametrics

2) A requirement includes an id and text statement consistent with current SysML requirements to elaborate the requirement. 
a) The text can be parsed and linked to the parameters, values, and units
3) A requirement can be reused in different contexts (this is subject to further debate)
4) Consider adding precision to the current text based requirement relationships as follows:
a) One or more properties are asserted to satisfy a requirement when the input/output parametric relationships and/or constraints are satisfied 
b) A test case that verifies a requirement proves the parametric relationship and/or constraint is satisfied through a verification method (e.g., inspection, analysis, test)
c) A requirement is derived from another requirement when the parameters of one requirement are derived from the parameters of another requirement typically through some form of analysis
d) A requirement refines one or more other requirements when it expresses the requirement more precisely. 
e) The requirement can contain other requirements, which reflects the logical AND of those requirements unless stated otherwise.
5) Maintain backward compatibility with current text based requirements, and or provide clear transformation rules for consistent vendor implementations
Initial Concept:

 A possible solution that has been proposed is to define a property based requirement as an extension of a constraint block. This stereotype includes and id and text property and other user defined properties, and incorporate other features that SysML requirements currently provide (e.g. notations, requirements relationships). The constraint expression reflects the required stopping distance equation above, and can be expressed like any other constraint using a mathematical or programming language.  In the parametric diagram below (2nd figure), the black box analysis on the right side of the figure is intended to be executed by an analysis tool, return an estimated stopping distance, and compare this result with the required values for stopping distance to determine a verdict of pass/fail.
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