Combined Issues and Issue Recommendations
MDSD Review of SysML

1/24/06
Purpose
The purpose of this special MDSD WG meeting is to perform a trade study analysis of competitive SysML specifications: the SysML Partners’ SysML v. 1.0 alpha specification, and the SysML Submission Team (SST), SysML v. 0.98 specification. This trade study is being organized as a straightforward comparative trade study analysis of both specifications and the UML for Systems Engineering RFP requirements to determine the strengths and weaknesses of both specifications in how well they fit the needs of systems engineers.  

The results of this workshop will be: 

· An initial assessment by trade study of the strengths and weaknesses of each specification to meet the needs of systems engineers; 

· Constructive recommendations to improve both specifications

· Constructive recommendations concerning missing capabilities essential to systems engineers and necessary for a successful standard.
It is within the authority, responsibility, and processes of OMG to resolve issues of selecting one of the two submissions, of merging the submitted specifications, of establishing future necessary additions to the standard, or of establishing additions needed now that are absent from both submissions. These decisions are not within the scope of this review and the reviewers.

The results of this evaluation will be provided as a timely input to the two teams and to the OMG to support the vote for adoption, scheduled to begin the week of February 13, 2006. 

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	1.00
	Decomposition into All Parts
	Reject
	Reject 
	DWO
	12/18/05


Description: Issue 1.00 Decomposition into All Parts
In Systems Engineering it is necessary to have a decomposition construct that decompose a whole component (whatever it may be) into all of its parts. This is necessary to provide manufacturing. Manufacturing will be very upset if you give them a list with only some of the parts to make the whole. The entire factory process and factory design is predicated on knowing all of the parts. Analysis is mandatory for performance calculations. They establish that a design meets requirements and they support trade studies so that a best design can be selected from alternative designs.
The decomposition into all of the parts means “built from” in the sense that if you take away all of the parts shown below the whole, then there is nothing left. The black diamond construct of UML 1, UML 2, and currently in the SST and SP partner submissions means “contains a” in the sense that if you take away all of the listed parts, something may remain. With this construct it is impossible to perform an analysis as simple as calculating the mass of the whole from the masses of the parts because you do not know all the parts.
This construct of decomposition of a whole into all of its parts is missing from both submissions. The stakeholders first declared this essential need in the response by MDSD edited by Howard Lykin to the RFI for UML 2.0. It has been repeated at each of the previous reviews. It is clearly called for in both the semantic dictionary and the concept model jointly produced by MDSD, AP233, and SysML teams to define the concepts that SysML must cover. This is an egregious omission that makes the language useless for systems engineering.
It is exceptionally dangerous and unacceptable practice in rigorous languages to define a construct in UML 1, UML 2, and SysML to be “contains a” and then have it actually used by systems engineers to mean “built from”. The correct transfer of information and models between systems engineering and software engineering is at risk unless the “built from” construct is put into the SysML standard.

Recommendation: Issue 1.00 Decomposition into All Parts
Do not accept or release any standard for SysML until this defect is corrected. This means addition of syntax, proper meta model alterations, and definitions. It is a suggestion that the syntax used be clearly distinguishable from the black diamond and not simply be the black diamond with an added annotation. In the concept model an open diamond containing a C was used. This is stated merely as an example of what is meant here by clearly distinguishable.
Fatima Commentary
Issue #1.00 Decomposition into All Parts:
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	1.10
	Decomposition into All Parts
	Accept
	Accept
	FD
	12/23/05


Description Issue #1.00 Decomposition into All Parts:
Issue as defined by DWO: 

In Systems Engineering, it is necessary to have a decomposition construct that decomposes a whole component (whatever it may be) into all of its parts.  This is necessary to provide manufacturing.  Manufacturing will be very upset if you give them a list with only some of the parts to make the whole.  The entire factory process and factory design is predicated on knowing all of the parts.  Analysis is mandatory for performance calculations.  They establish that a design meets requirements and they support trade studies so that a best design can be selected from alternative designs.

The decomposition into all of the parts means “built from” in the sense that if you take away all of the parts shown below the whole, then there is nothing left.  The black diamond construct of UML 1, UML 2, and currently in the SST and SP partner submissions means “contains a” in the sense that if you take away all of the listed parts, something may remain.  With this construct it is impossible to perform an analysis as simple as calculating the mass of the whole from the masses of the parts because you do not know all the parts.

Discussion Issue #1.00 Decomposition into All Parts: As a modeling language, some constructs are implemented in tools to allow the modeler to employ an iterative process in creating the design.  For example, as an SE gains knowledge and models certain design ideas, he/she may choose to change the design (and the breakdown into parts) several times during the course of the creative design process.  If the semantics of the language (and the tool implementation) were to result in deleting a whole (lets call it A) every time the parts were deleted, an SE could grow very frustrated indeed.  Especially if A was in its turn a part in a grander design, and all attributes, connections etc, in other diagrams of same model had already been defined for A.  Deleting A in one decomposition diagram would result in loosing all other aspects already modeled for A in other diagrams.  This same logic also supports the need for separate logical design diagrams, and physical instance diagrams that are handed to manufacturing for implementation.  (See issue #FD-3 on need for instance diagrams)

Definitions for Model Based SE (not design, nor implementation or building real physical systems as in manufacturing):

A system of systems has emergent behaviors that result due to the interactions of the components.  Such behaviors only occur if components are working together; they do not occur when operating any single component alone.  Logical modeling and simulation of the entire system, operating within its environment, is needed to understand emergent behavior.  The purpose is not to predict the exact future but to explore future possibilities and gain computer-aided insight from simulations based on these models.  Model Based Systems Engineering (MBSE), attempts to accomplish this by establishing a set of operational scenarios that cover the various possible future environments.

Further, with traditional SE development, the requirements, and specifications are document-based, which can be incomplete, ambiguous, and easily misunderstood.  The team who receives these specifications must typically build physical prototypes of the system to validate their designs.  The expense and complexity of developing these prototypes often limit the number of iterations designers can perform to refine the design to meet the specifications.  MBSE helps engineers and designers overcome the difficulties of traditional development approaches by building comprehensive, system-level mathematical models that serve as executable specifications, replacing ambiguous text documents, and eliminating the need for physical prototypes before a particular design has been chosen.  Designers can simulate and iterate as many times as necessary to refine the model to meet the constraints of the target environment, and to validate the system behavior against the requirements.  Engineers can also ensure quality throughout the development process by integrating tests into the models at any stage.  This continuous verification and simulation helps identify errors early, when they are easier and less expensive to fix. 

This is all done before any physical prototypes are modeled and created.  I believe SysML is defined for MBSE, not for building and manufacturing physical systems, although model interchange mechanisms are to be defined so that these models can be seamlessly imported into design tools, further refined, and then fed to manufacturing tools.
Both specs respond to requirement 6.5.6.1c in the same manner (please note that SP say they have a full implementation, but then go on to explain that decomposition does not “support the specification of complete vs. partial decomposition.”  Adding a comment to the model element (although helpful to model reader), has no semantics in the language (comments are not parsed), therefore the comment construct does not provide full coverage of the requirement:
Michael Latta Commentary
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	5
	1.20
	Decomposition into All Parts
	Neutral
	Neutral 
	DWO (ML)
	1/5/06


Description: Issue 1.00 Decomposition into All Parts

The use of a built-from semantic separate from the UML composition would be useful in many types of engineering.  In particular the modeling of the fact that the parts are expected to be separable parts would be useful (as opposed to welded assembly parts for example).  I expect that there is a fair amount of work to get this fleshed out along several dimensions of interest (dynamic behavior, structural relationships, property aggregation, etc).

Joseph Skipper, Comment from his issue 34.00 Flow Ports and Item Flows

Comment:  There has been considerable discussion regarding BLOCK composition (black diamond or white diamond) indicating a partial or complete structure.  Previous modeling languages have used a “C” to indicate a complete structure, and a “P” to indicate a partial structure.  The OMG has the responsibility to insure the integrity and consistency of the Systems Modeling Language.  

Possible technical resolution from E-mail of Bran Selic and Michael Jesse Chonoles
Bran Selic
Thanks, Michael, this is very good insight. Your arguments seem to me a convincing discourse that the concept of a whole that you and Dave have in mind is invariably that of a logical whole; that is, a name given to a collection of parts combined in a particular way. This whole disappears when the parts are disassembeled although the parts remain. 

The UML "filled diamond" notion indeed has different semantics, since it can stay even if the parts are removed while, when it is removed, the parts are forced to disappear. 

Based on this, I am now convinced that the capability that you and Dave are seeking is already present in UML. You can model it simply with any association where the "whole" has a lower multiplicity bound of 0 (and an upper bound greater than 0) in an association to the parts. To give it that part-whole connotation, you can use the "unfilled (white)" diamond notation. This is precisely the intent of the "unfilled dimaond" notation. 

Cheers, 
Bran Selic
IBM Distinguished Engineer
Michael Jesse Chonoles E-mail
Bran


As far as I remember there is a minor difference between regular association and white diamond association (aggregation), that is, when there is a reflexive (self) relationship (relationships between elements of the same class/type)

 

There's an inherent asymmetry with aggregation that prevents loops in the hierarchy that  is not prevented with regular association. For example, if one was going to the relationship of blocks to other blocks in a class-like diagram you would use aggregation and not association. Any block can contain lots of other blocks, but you'd like to prevent a block from containing any other block that  contains itself (no loops).

 

Composition (black diamond) also has the same restriction, but adds the additional restriction that a block can only be contained in no more than one other block. This is usually the case for physical parts, but a logical subsystem could be part of  many logical systems (but never part of a system that it also contains). 

 

I would argue that association, aggregation, and composition are all sufficiently distinct in reflexive associations that they should all be retained. However, it appears that most of the time Dave's whole-part relationships should be white-diamond if they need to enforce the no-loop constraint.

Michael Jesse Chonoles
Commentary by David Oliver 1/12/06
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	1
	1.30
	Decomposition into All Parts
	Reject
	Reject 
	DWO
	1/12/06


Summary by David Oliver 1/12/06

There seems to be agreement among Latta, Selic, Skipper, and Chonoles that the UML definition for the black diamond decomposition is not suitable for decomposition of matter and energy. (If this assertion is wrong please let me know immediately.) Sellic and Chonoles suggest that the open or white diamond is a suitable construct. Their arguments for this seem valid to me, but it is really an issue for UML experts responding to the needs and definitions supplied by systems engineers. The open diamond solution would be a simple way to fix this if it is truly appropriate.

The decomposition hierarchy is used both to represent taking the whole apart into pieces and to represent assembling the parts to build the whole.

Mike Latta’s comments about parts that are separable is very worthy of thought and discussion. If we use the white diamond or some other construct to represent “built from” the usual ways of applying engineering views apply here as well. There is not just one decomposition, but several for different engineering purposes or life cycle phases. Remember that systems engineering deals with all the phases and the requirements and modeling for them. 

In the systems engineering work during the systems engineering part of the life cycle, a decomposition is worked out using trade studies to find a near optimal solution. This requires modeling of matter and energy. It is not just an exercise in logic. Very often to reduce project risk, there is rapid prototyping or physical mock up and measurement where the success of the project depends on parts that have never been dealt with before – unprecedented. Even here both deign and things of atoms are represented.

In the detail design stage the decompositions are extended in detail sufficient for manufacture This is a more extensive decomposition – in a different engineering context.

Manufacture will have an even more detailed decomposition that must include all raw materials needed. Their emphasis is on the assembly direction of the model – putting parts together. Manufacture may also shift the order of assembly to match the most efficient manufacture practice and their installed manufacture infrastructure.

System and detailed design are also done for maintenance. Here the emphasis is on decomposition but only into line replaceable units that can be evaluated for failure by diagnostic processes. In some instances there is actual rebuilding of old systems. Caterpillar Co. is doing this extensively around the world and it is their fastest growing division.

A different decomposition is used in disposal where the goal is to decompose the system into collections that can be profitably recycled or safely disposed of. Thus are several different and valid decomposition hierarchies for any system. All can be defined with the same appropriate construct and properly associated with the appropriate engineering context and life cycle. This is the general case for engineering models.

Fatima does not sem to address the central issue that is the definition of the black diamond:

1. it allows things to disappear

2. It allows all listed parts to be taken away and there is something left

These two characteristics of the black diamond make it inappropriate for matter and energy. Neither can be made to disappear or vanish because both follow the conservation laws of science and engineering. With real physical things and their design models, if you disassemble all the parts there is nothing left of the whole thing. Black diamond does not work.

How the delete function is handled by a tool is a tool issue. There can even be optional selections of types of deletion for the user if that fits the user community needs. This is not a language issue.

There is no issue here of eliminating use of the black diamond for situations dealing ONLY with software or logic. Note that SysML was conceived to add the constructs missing from software practice and essential for physical world modeling. An additional construct for “built from” is necessary. It is unacceptable language practice to use the black diamond for this purpose.

Hopefully the suggestion to use the white diamond resolves this issue. If so this must be carefully recorded in the language documentation and applied in all examples. Notice that application of performance calculations, parametrics, applies to matter and energy for which science has developed the applicable mathematics.
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	2
	2.00
	Flow Port
	Reject
	Accept 
	DWO
	12/18/05


Description: Issue 2.00 Flow Ports

The SST report defines Flow Ports to state what is allowed to flow at a port. This is a serious problem for several reasons.
1. Flow Port prematurely assigns a behavioral entity to structure. The normative systems engineering process (see a discussion of this at the end of the document) supports systems engineers in modeling of behavior devoid of structure, and structure devoid of behavior. Behavior is then allocated to structure in several different ways resulting in several alternative designs. Flow ports contravene this basic approach and can lead to model conflicts. Each activity in the behavior receives and generates object nodes (input/output) such that the allocation of activities to structure establishes (a) where the interconnection among blocks must occur, and what must flow through ports and interconnections.
2. The concept of flow port is redundant with Parametric Constraint and this redundancy should not be permitted. By capacity we mean the number of liters in a jug, the number of cars that fit in a garage, or the capacity of a pump to produce water flow. Consider the following simple example of capacity considerations in the successive levels of specification and design of your dream house. The family must decide on the home floor plan and architectural style. The family must decide of the appliances to be included and their location. Stove is gas or electric, Located some where in the kitchen. The microwave is to be an Advantium, either the high power 220 volt unit or the somewhat slower 110 volt unit. Each of these appliances requires interconnection with external supplies to the house. Consider the 110 volt Advantium that can draw up to 25 amps current. That quantity is a Parametric Constraint that applies to the entire configuration of the power interconnection to the Advantium from the Utility power port. As the interconnection is designed at a refined level of description it will contain an electric supply box with ports for breakers, a breaker, wiring running through the walls, a box to isolate and provide ground for an outlet, and an outlet. All of these parts or blocks have a capacity that can be easily assigned using parametric constraints for each. In many cases it is also necessary to have geometric information. The wiring diameter depends on the current capacity and the wiring length. Wiring length comes from the geometric design of the home, another parametric constraint, and the requisite wire diameter can be found from analysis or better from the building code tables that are based on analysis to prevent the home from burning down.
3. Flow Port, with allocated Behavior creates a redundancy that mandates a set of well formed-ness rules to resolve conflicts between the structure model and the behavior model. SST provides no such well formed-rules. 

Recommendation: Issue 2.00 Flow Ports

Accept this aspect of SP and reject it for SST. SST has no flow ports.
Commentary by Michael Latta
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	3
	2.20
	Flow Port
	Reject
	Accept 
	DWO (ML)
	1/5/06


Description: Issue 2.00 Flow Ports

The use of Flow Ports is present in the SysML submissions to allow modeling on a structural diagram the flow of items between blocks.  This was intended to be similar to the flows often shown on high-level block diagrams, and to support bottom down modeling of systems where structure was modeled prior to behavior.  The allocation of behavior (signals or object nodes) to connectors is the recommended semantics.  In this view the ports that support “flows” vs. the ports that support “behavior” are not really different at all.  In this view also the “flow” is really a signal or object node allocated to a connector.  It is well within the domain of a tool to support the early creation of object nodes as representations of flows allocated to connectors, prior to the creation of the activity diagram or state machine representing the behavior involved.

Commentary by Fatma Dandashi

Issue #2.00 Flow Ports:
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	2.10
	Flow Port
	Accept
	Accept 
	FD
	12/23/05


Description Issue #2.00 Flow Ports:
Issue as defined by DWO: The SST report defines Flow Ports to state what is allowed to flow at a port.
Discussion Issue #2.00 Flow Ports:
From SP RTM: Flow Ports used primarily for specifying physical interaction points for the flow of material, energy, or data. 

From SST RTM: A port defines an interaction point on a block or part that enables the user to specify what can flow in/out of the block/part (flow port) or what services the block/part requires or provides (service port). Ports are connected using connectors.
From SST Spec: Flow Ports A FlowPort specifies the input and output items that may flow between a Block and its environment. FlowPorts are interaction points through which data, material or energy “can” enter or leave the owning Block. The specification of what can flow is achieved by typing the FlowPort with a specification of things that flow. This can include typing an atomic flow port with a single item that flows in our out, or typing a non-atomic flow port with a “flow specification” which lists multiple items that flow. A block representing an automatic transmission in a car could have an atomic flow port that specifies “Torque” as an input and another atomic flow port that specifies “Torque” as an output. A more complex flow port could specify a set of sig-nals and/or properties that flow in and out of the flow port. In general, flow ports are intended to be used for asynchronous, broadcast, or send and forget interactions. FlowPorts extend UML2.0 ports. 

From SP Specs:  Flow Ports A FlowPort specifies the input and output items that may flow between a Block and its environment. Input and output items may include data as well as physical entities, such as fluids, solids, gases, and energy. FlowPorts are defined using FlowSpecifications. For example, a Block representing an automatic transmission in a car might have a FlowPort that specifies torque as an input and another flow port that specifies torque as an output. FlowPorts are a stereotype of the UML metaclass Port and extend its notation and semantics. 

From SST Highlights and Comparison Matrix: The Ports and Flows chapter defines ports that specify allowable interactions between blocks. Client server ports specify operations that a block either requires or provides (i.e. UML 2 ports). SysML also includes flow ports to specify what can flow in or out of a block in terms of data or physical flows. An item flow is also defined to describe what actually does flow across a connector in the specific context. Providing the ability to specify what can flow by a port and what does flow in a particular context as defined by the item flow has some significant advantages.

I do not see any significant difference between the two specs in terms of definition of a flow port. I believe the issue has more to do with Item Flow, which has been discussed as issue #3 above.

Recommendation Issue #2.00 Flow Ports: Accept both specs as same

Commentary by David Oliver
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	2
	2.30
	Flow Port
	Reject
	Accept 
	DWO
	12/24/05


It is important to note that, provided one should wish to use the SST taxonomy of Flow Ports, the SST taxonomy appears incomplete at the top level for systems engineering. In the physical world the ports on blocks can exist to provide structural strength, to support the flow of information, mater or energy, or to provide both at the same time. The structural aspect is not relevant in software engineering. However, if you are driving at high speed on a Los Angeles freeway, the strength, integrity, and MTBF of the motor mounts of your car (structural ports) is extremely important and requires modeling in the development stages of the car. The SST taxonomy may also require user defined extensions.

It would appear to be helpful to extend the concept to both structural and flow ports. Perhaps this can be done by simply extending the definitions show by Fatma to include structural strength and similar concepts. The quantity allowed to flow or the stress or strain supported is simply an assignment of a parametric entity and value. This is what is done with blocks, etc.
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	3
	3.00
	Flow Item
	Reject
	Accept 
	DWO
	12/18/05


Description: Issue 3.00 Flow Item

The SST submission includes a Flow Item annotation on the interconnections between blocks. It is defied as what actually flows. There may be a definitional problem here. There are several other problems here:

1. The name of what flows is given by object node that must be on that interconnection as the result of the allocation of behavior. There should be no possibility of generating conflicting names.

2. Flow Item, with allocated Behavior creates a redundancy that mandates a set of well formed-ness rules to resolve conflicts between the structure model and the behavior model. SST provides no such well formed-rules. 

3. The value of what actually flows can only be known through analysis. The analysis may involve almost any set of equations but is often an electrical circuit and impedance problem. In the example above for a microwave oven you would have to know the internal impedance of the utility power source, the impedance of the Box, the Breaker, the Wiring and the reflected impedance of the cooked item in the oven. An electric stove has a simpler analysis because the oven and heating elements can be treated as lumped resistors with impedance values at particular heating settings.
Recommendation: Issue 3.00 Flow Item
Accept this aspect of SP and reject it for SST. SST has no flow items.
Commentary by Michael Latta
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	2
	3.20
	Flow Item
	Reject
	Accept 
	DWO (ML)
	1/5/06


Description: Issue 3.00 Flow Item

Flow items are a contextualization of behavior (signal or object node) defined flows.  The specification of such is redundant with the object node or signal specification.  The proper solution to this issue is incorporation of allocation semantics and support for a view that shows the result of those allocations on a structure diagram.
Recommendation: Issue 3.00 Flow Item

Accept this aspect of SP and reject it for SST.  See ML-1 for allocation issues.
Commentary by Fatima Dandashi

Issue #3.00 Item Flow: 
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	3.00
	Item Flow
	Accept
	Reject
	FD
	12/19/05


Description Issue #3.00 Item Flow: The SST submission includes an Item Flow annotation on the interconnections between blocks.  It is defined as what actually flows. 
	RFP
	SP Compliance
	SP response (from RTM)
	SST Compliance
	SST response (from RTM)

	6.5.2.1.1  Input/Output 
	
	These can be modeled on activity diagrams as pins, parameters or object nodes
	Y
	Inputs and outputs can be represented as parameters of activities, object nodes flowing between action nodes, and as item flows between parts in an internal block diagram.

	c) Inputs and outputs are bound to ports 
	Full 
	Inputs/outputs are bound to ports via interfaces and/or allocation relationships. 
	Y
	"ItemFlows" associate the things that flow with the connectors that bind the ports. The parameters and object nodes are bound to the corresponding activities and actions.


Discussion Issue #3.00 Item Flow:
UML Superstructure: “12.3.30 ObjectFlow: An object flow is an activity edge that can have objects or data passing along it. Description: An object flow models the flow of values to or from object nodes.” Pp 375 “Notation: An object flow is notated by an arrowed line.” pp377
From SST: “Item Flows: Item flows represent the things that flow between blocks and/or parts and across associations or connectors.” 9.3.1.4 ItemFlow: An Item Flow describes the flow of items across a connector or an association. The notation of ItemFlow is a black arrow-head on the connector or association. The arrow head is towards the target element. For an Item Flow with an itemProperty, the label shows the name and type of the itemProperty (in name:type format). Otherwise, the Item Flow is labeled with the name of the conveyed Classifier. 

From SST: Item flows may be allocated from object nodes in activity diagrams or signals sent from state machines across a connector. FlowAllocation is described in the Allocations chapter and can be used to help ensure consistency across the different parts of the model. 
Object flows are defined on activities (behavior element).  Item flows are defined on blocks (structure element).
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Figure 1: Blocks with item flows (structure diagram)

The item flow in figure 1 is simply a visualization that models a structure.  That is, structurally, there are two block parts and one flow part. The two blocks are related structurally via the flow part. The flow part is modeled as a line vs. a box. 
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Figure 2: The inverse of figure 1 is a behavior diagram (semantically, and in a modeling tool) showing an Electric Current object node (inputs and outputs are shown as objects in OO) with two activities “producing and consuming” the current.  Activities are the behavior elements and they are defined on the blocks.  The SE, the SysML language semantics, and the tool know that the line in figure 1 and the object in figure 2 are the same electric current (so defined by the SE using allocation).

An SE needs both views.  Without item flows in block diagrams, an SE essentially has a class diagram showing two blocks with a generic association relation between them. NOTE: notation used in figures 1 and 2 may not be accurate to either spec, figures created ere are for illustration purposes only of the idea, not meant as an accurate SysML diagram of either spec.

Recommendation Issue #3.00 Item Flow: Accept this aspect of SST and reject it for SP. SP has no item flows.

Separate but related issue from Joseph Skipper. Ref. 34.00

Issue #2  Flow Ports and Item Flows as a part of the BLOCK structure

	Priority
	Issue
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	High
	34.00
	Flow Ports and Item Flows
	Accept
	Reject
	JFS
	01/11/2006


BLOCK STRUCTURE

Blocks appears to be similar for both submission teams.  Blocks are relevant when they are placed in context with decomposition of other blocks, and viewed within the context of their interfaces.  This systems architecture view (e.g., blocks, interfaces, ports, and port flows) provides the target of allocating functions to blocks, preserving the integrity of the item flows across the ports and interfaces.  

The SST submission team provides the concept of Flow Ports and Item Flows.  The SMP submission team does not.  

Ports and Item Flows:

The SST submission describes Ports as specific connection points where the INTERFACE is used to connect BLOCKS.  Flow Ports are used to specify specifically what can flow over through the port to the BLOCKS.  Item Flows specify those things that actually flow through the PORTS and BLOCKS.    The SMP submission provides for 

service ports (client / server) which is only one of many constructs.  The SMP submission does not provide for item flows, therefore the concept of a interface between two blocks may be inconsistent, is definitely incomplete, and does not provide the systems engineer with proof of integrity across the interface.   

Again, stand alone diagrams do not provide a sufficient model.  Model integrity comes from determining that functions are allocated to blocks, and that item flows  (associated with functions) flow over the ports used to connect interfaces to blocks.  If one can not prove the integrity of the models as a whole, then the models are inadequate.

Comment:  There has been considerable discussion regarding BLOCK composition (black diamond or white diamond) indicating a partial or complete structure.  Previous modeling languages have used a “C” to indicate a complete structure, and a “P” to indicate a partial structure.  The OMG has the responsibility to insure the integrity and consistency of the Systems Modeling Language.  

Summary Discussion of Collected Issues and Commentary by David Oliver, author of Issue 2.00.  This commentary is mine personally and not a consensus of the reviewers.

The Issues and Commentaries of Oliver, Latta are in general agreement that the redundancy of Object Node and Flow Item damages the integrity of the language because these must be the same thing. Skipper also agrees with the need for model integrity.

Fatima gives a good description of Object Node and Flow Item from SST and shows examples. The examples given follow the normative object oriented software process of first defining objects and embedding behavior in them without trade studies. Figure 1. shows the block interconnection and Figure 2. shows activities imbedded in those blocks. These two figures actually illustrate the problem defined by the other three contributors.

In the normative systems engineering process the system and its interconnection to the external world are defined. The possible white box behaviors of the system as a whole are defined – its response to external excitation. This is behavior without structure. Several possible structures, devoid of behavior, are defined. Behaviors are refined in detail and allocated in several different ways to the possible structures. This results in several alternative designs. Trade studies establish the most optimal of these alternatives.

What would be an example of structure devoid of behavior? It would be a simple hierarchy of blocks. The current status of issue 1.00 suggests this hierarchy is represented by an open diamond in the case of models of matter and energy. There are no interconnections defined yet and no labels for them. Allocation of behavior onto the blocks establishes where the interconnections occur, and what flows on the interconnection. What flows on the interconnections are the object nodes in the behavior. 

An alternative process can start from the structure side and work to the behavior, but the same identity of object node and flow item results.

It is instructive to consider a problem related to Fatima’s problem, but more restricted and more detailed. Consider the outside power source to be wind. The behavior diagram then contains an activity that receives wind as an input and transforms it to electric power and heat. There are several design alternatives here because wind power is intermittent and electric consumption requires a continuous source. One of the alternatives currently under consideration uses the electricity to transform water into hydrogen and oxygen and stores the hydrogen in liquid form.

If the electrolysis cell and hydrogen storage are located at the consumption site, then what appears as object node and flow item is electric power. If they are located at the generation site, then the object node and flow item are liquid hydrogen. The object node and flow item cannot be treated as different entities. It is a case of the same entity appearing on two different figures. Support of the normative systems engineering process has the interconnection locations among blocks, and what flows on the interconnection result from the allocation of behavior onto structure.

This situation was discussed at great length some years ago at the Pasadena review of SysML. At that time it appeared that UML2.0 treated object node and flow item as different entities. The challenge identified at that time was to have them united in SysML.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	6
	5.00
	Language

Architecture 
	Reject
	Accept 
	DWO
	12/18/05


Description: Issue 5.00 Language Architecture

The SP language architecture is judged to be more user friendly, less redundant, and more parsimonious. It is without the potential internal language conflicts because of redundancies. It provides a complete set of definitions and path names for entities. This is not true for the SST submission.
Recommendation: Issue 5.00 Language Architecture

Use these aspects of the SP submission.
Commentary from Fatma Dandashi

Issue #5: Language Architecture:

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	5.10
	Language

Architecture 
	Accept 
	Reject
	FD
	12/29/05


Description Issue #5.00 Language Architecture:  Language Architecture is defined by evaluation criteria in RFP as: The language should be consistent with the approved UML specification and should base the customization of UML for SE on extension mechanisms that UML defines.
Discussion Issue #5.00 Language Architecture:  

SP defines 
“The relationship of the SysML «profile» package to other packages, such as the UML 2 Reused «metamodel» package, which represents the subset of UML 2.0 Superstructure model elements that are imported and reused, is shown in Figure 6-2.” pp 11.  

Compliance with UML is defined in Table 3 which “specifies the UML 2 Superstructure packages that a SysML tool must reuse in order to implement SysML. Stated otherwise, these UML 2 Superstructure packages must be available for any SysML implementation. The valid options are shown below. The Package Structure in the individual chapters also shows which packages are required for SysML.
• no: SysML does not  require this UML package. However, SysML is intended to be compatible with the package if it is used.
• partial: SysML only requires selected classes from this UML package.
• complete: SysML requires this complete UML package.”
SP does not define what partial means formally.  Partial reuse of elements from a UML package is not a formal reuse mechanism.
SST brings in elements that are to be re-used in UML4SysML as whole UML packages, and uses a <<merge>> relationship to include these packages in the SysML Profile.  A package merge is the formal mechanism defined by UML2 for brining in elements from UML into a profile:

From UML 2.0: Infrastructure - Final Adopted Specification: “Package merge allows modeling concepts defined at one level to be extended with new features.” Pp 2

“Conceptually, a package merge can be viewed as an operation that takes the contents of two packages and produces a new package that combines the contents of the packages involved in the merge.”  Pp 167 
Recommendation Issue #5.00 Language Architecture: The argument that using <<import>> to bring in (to Partners SysML) only those elements that are needed from UML2 results in parsimony does not hold.  It results in potential inconsistency, or you end up importing all the elements from the package to which that element belongs anyway. So, no parsimony is achieved by utilizing this approach vs. a <<merge>> approach of a whole package, only added potential for inconsistency. 
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	5
	7.00
	Compliance for Vendors vs. Users
	Reject
	Reject 
	DWO
	12/18/05


Description: Issue 7.00 Language Compliance for Vendors vs. Users.

The discussion and recommendations for this issue go beyond what the reviewers believe is usual OMG procedure and the content of both submissions. The typical compliance matrix is at a very fine level of granularity and refers primarily to the portions of the metamodel incorporated in a tool. This is of great and important interest to vendors and UML language experts. The user community finds this type of compliance nearly useless.

The user community needs to see tool by tool what of the many possible user features are made available by a particular tool. (It is of course related to the finer grain compliance of vendor to standard.) This is the interesting compliance for users and it is relatively coarse grained. For example, does the tool make available activity diagrams? Are these diagrams executable in an execution engine in the tool? Does this execution engine produce the same time line that results from following the execution rules of the standard and has this been verified with data? Can the execution engine execute an EFFBD and get the same time line as in their extensive heritage models from prior projects?

Any well designed language can be used to support a variety of processes. Some of these will be best practices and some arcane. Neither tool nor language need restrict this. However, it is vital that the tool support the normative process of the user community. Because the normative process for systems engineering is quite different than that of software engineering, especially the object oriented flavor, a crude description is given here of the normative systems engineering process.

Systems engineering uses text requirements to prescribe the observable characteristics of the system, Requirements also serve in binding legal documents that decide who pays when there is disagreement. They can also serve as a data dictionary to models that describe the observable characteristic of the system.

The equivalents to the requirements are expressed in models. Use Cases are not part of the normative work and suffer from imprecision and potential inconsistency. They lack the legal aspects of requirements and the rigor of models.

In the normative modeling behavior devoid of structure, structure devoid of behavior, and the applicable decision criteria (MOE’s) are developed. This work may be done sequentially (perhaps blocks first), concurrently (a powerful choice). It may proceed top down, bottom up or middle out. The behavior is allocated to structure. This can be done in a number of different ways that yield multiple alternative designs. The Moe’s are evaluated using the equations of science and engineering (Parametrics in SysML) so that a choice can be made among alternative designs. Most often it is necessary to have geometry available to do the calculations. This means that useful diagrams include.

1. Requirements and MOE traceability diagrams

2. Requirements and MOE collection diagrams

3. Behavior devoid of structure

Activity Diagrams

State Diagrams

Sequence Diagrams

Timelines from execution of behavior

4. Structure devoid of behavior

Part list (Block decomposition into all parts)

Block Interconnection Diagram

5. Design Diagram that incorporates:

Behavior allocated to Structure

All Parametric Constraints with values nd tolerances required to show:

Design satisfies requirements

MOE values for selection among design alternatives

Tolerances on all values used for acceptance of manufactured parts.

6. Product as Realized Diagram (real physical things of atoms) that        incorporate:

Serial numbers and lot numbers for real part identification.

Behavior allocated to Structure

All measured Parametric Constraint values and tolerances required to establish acceptance or rejection:

Product as realized  satisfies requirement and MOE values.

Product as realized meets design values and tolerances.

One of the existing diagrams in SysML of the design type (5.) is the behavior with swim lanes. Other diagrams are used to display design in some existing systems engineering tools. One of these is a Block Interconnection Diagram annotated with all the object nodes and static parameters for interconnections. This diagram may be annotated with all the Activities allocated to the blocks. It can be annotated with all the relevant Parametric Constraints. To be useful the tool must allow such a diagram to show all or only some of all this data. Further this diagram can be animated with a behavior execution engine to show each activity turn on and generate its Object Nodes (outputs).

Note that support of a normative set of diagrams in no way prevents a user from going directly to the design diagram and filling it out with no regard for behavior, allocations, requirements, or trade studies. Such a set of diagrams supports the normative systems engineering process and it allows for many arcane processes that users my choose to employ. Note that conflicts are created with allocation of behavior to structure if the diagram for Structure Devoid of Behavior (4.) becomes confused with or tainted by behavioral elements that belong in the Design Diagram (5.) that incorporates the allocation of Behavior onto Structure. Note that Use Case Diagrams are not included in the normative set because they are assessed to be redundant and inferior to requirements and executable behavior, They are assed to be fraught with problems of conflict and completeness. Timing diagrams are not included because they are considered to be an output of analysis tools and very varied in their structure and content. Clearly a pointer to them is necessary.
Resolution: Issue 7.00 Language Compliance for Vendors vs. Users.

It is recommended that the accepted version of SysML contain compliance with user features. These user features should contain at least the diagrams needed to support a normative systems engineering process. This is not in conflict with the usual compliance matrix, but makes the compliance information useful to the user community.
Issue #FD-1: Requirements Structuring Constructs
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	8.00 FD-1
	Requirements  Constructs
	Accept 
	Reject
	FD
	12/29/05


Description Issue #FD-1: Requirements Structuring Constructs
From RFP: 6.5.4.3 Requirement relationships 

UML for SE shall provide the capability to associate a requirement to one or more model elements, which include associations between: 

…

c) Requirements and goals of a system by hierarchical decomposition into lower level requirements and sub-goals 

Discussion Issue #FD-1: Requirements Structuring Constructs:  Decomposition vs. containment: SST uses containment (a circle with a cross inside) to model the fact that requirement stated in section 3.1 for example, is contained in requirement section 3.0.  The purpose is to mimic a requirements document section/subsection construct.  
SP specifies the use of the aggregation construct (black diamond).  This is inconsistent with the semantics of the construct needed for this use.  A black diamond is defined in UML as:

From UML2 Infrastructure:  Composite aggregation is a strong form of aggregation that requires a part instance be included in at most one composite at a time.  Pp 117

This is an unnecessary constraint on sub-requirements, since same sub-requirements may be structured under several “higher-level” requirements.

Recommendation Issue #FD-1: Requirements Structuring Constructs:  Requirements definition has not changed much for both teams from the 0.9 draft.  Therefore, there are a lot more similarities than differences.  However, on use of containment vs. decomposition (black diamond) as a requirements structuring construct, SST spec should be accepted.

Issue #FD-2 Nested Connectors:

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	9.00 FD-2
	Nested Connectors
	Reject
	N/A
	FD
	12/29/05


Description Issue #FD-2 Nested Connectors:

When an interface occurs at an internal part in a hierarchical decomposition, an SE needs ability to allow internal parts to directly connect without having to decompose ports from parent parts.
Discussion Issue #FD-2 Nested Connectors:
SP offers no construct for this.
SST provides Nested Connectors: One can draw a connection from one internal part in block A to another internal part in Block B (without having to connect parents first, and then decompose connection). However, the current specification falls short in terms of specifying how this is semantically equivalent (or just another view) of another association that may have already been specified in another diagram. 

Supporting specs are quoted below to show this potential for creating inconsistent diagrams within the same model.
From SST Spec: A block may include a structure of connectors between its properties to indicate how its parts or other properties relate to one another.  Pp 40
May lead to inconsistency when construct below is used.  Construct needs more work before it becomes part of the spec.
Nested connector end: Connectors may be drawn that cross the boundaries of nested properties to connect to properties within them. The connector is owned by the most immediate block that owns both ends of the connector. A NestedConnectorEnd stereotype of a UML ConnectorEnd is automatically applied to any connector end that is nested more than one level deep within a containing context. Use of nested connector ends does not follow strict principles of encapsulation of the parts or other properties which a connector line may cross. The need for nested connector ends can be avoided if additional properties can be added to the block at each containing level. Nested connector ends are available for cases where the introduction of these intermediate properties is not feasible or appropriate. The ability to connect to nested properties within a containing block requires that multiple levels of decomposition be shown on the same diagram. Pp 37

Recommendation Issue #FD-2 Nested Connectors: remove nested connectors construct from current spec, and work it further in next version.
Issue #FD-3 Instance Diagrams:
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	10.00 FD-3
	Instance Diagrams
	Accept
	N/A
	FD
	12/23/05


Description Issue #FD-3 Instance Diagrams:
RFP 6.5.6.1  General relationships: UML for SE shall provide the capability to model the following relationships among one or more model elements, to support modeling abstractions, elaborations, and refinements: …f) Instantiation 

Class diagrams (block and structure diagrams) are logical, they show one class (one block or one internal part) of each type of a block or part.  the purpose is to show what the different parts are, how they are related structurally (which parts compose which blocks) and their relationships.  To model actual parts with serial numbers, you need instance diagrams.  For example, to show that several deployments of a certain system exist at several locations, one needs an instance diagram.

SP spec does not include instance diagrams.

SST spec does include instance diagrams.

Recommendation Issue #FD-3 Instance Diagrams: accept instance diagrams as needed construct for SysML.
Issue #FD-4 Timing Diagram:
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	11.00 FD-4
	Relationship amongst units, dimensions, values, and value type
	Accept
	N/A
	FD
	12/23/05


Description Issue #FD-4 Timing Diagram:
RFP 6.5.2.4.1
Activation time: UML for SE shall provide the capability to model the interval of time that a function or state is active and inactive. 
UML 2 Superstructure: Timing diagrams show change in state or other condition of a structural element over time...  The primary purpose of the timing diagram is to show the change in state or condition of a lifeline (representing a Classifier Instance or Classifier Role) over linear time.  The most common usage is to show the change in state of an object over time in response to accepted events or stimuli. The received events are annotated as shown when it is desirable to show the event causing the change in condition or state.  Pp 504

Discussion Issue #FD-4 Timing Diagram: Timing diagrams are needed for modeling behavior over time. 

SP Spec does not provide a timing diagram.

SST provides a timing diagram (same as in UML 2.0)

Recommendation Issue #FD-4 Timing Diagram: accept timing diagrams as needed construct for SysML.
Issue #FD-5 Value Types, Units, and Dimensions:
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	12.00 FD-5 
	Types, Units, and Dimensions
	Accept
	N/A
	FD
	12/23/05


Description Issue #FD-5  Value Types, Units, and Dimensions:
Relationship amongst units, dimensions, values, and value type should be clearly specified.

6.5.3.2  Property value: UML for SE shall provide the capability to associate property values to properties, including the following: 
a) Value (including a default value) 

b) Units (e.g., pounds, meters) 

SP RFP response (from RTM):  ValueType provides the capability to define the unit.  The SysML library provides a number of pre-defined value types representing physical quantities with unit and dimension. 

SST RFP Response (from RTM): A value type can include units and a dimension such as length.
Recommendation Issue #FD-5 Value Types, Units, and Dimensions: accept specification of units and dimensions as needed construct for SysML.
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	13.00  ML-1
	Allocation Semantics 
	Reject
	Reject 
	ML
	1/05/06


Description: Issue ML-1 Allocation Semantics

Neither specification provides any semantics for allocation.  They both treat allocation as a comment/documentation element.  The semantics for allocation are one of the core components of Systems Engineering practice and research results for the last 30 years.  Their complete omission from both submissions is a significant problem.  This approach to allocation also results in semantic incompatibility or gaps in the SST submission which attempts to provide some of the benefits of allocation in the form of Item Flows.
Recommendation: Issue ML-1 Allocation Semantics
Delay the specification release until at least basic allocation semantics can be added.  Basic semantics need to address allocation of structure to structure, and behavior to structure.  The allocation semantics need to address “inheritance” of structural features for structure to structure allocations, and the “exhibiting” of behavioral features by structures in behavior to structure allocations. 
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	14.00 ML-2
	Parametric Notation 
	Reject
	Accept 
	ML
	1/05/06


Description: Issue ML-2 Parametric Notation

The two submissions use differing notation for parametrics, which imply different UML semantics on the elements.  In the SST case parametrics are derived from blocks implying that they can have flow ports, behavior ports, operations, properties, state machines, etc.  In the SP case they are a stereotype on Collaboration which has much more defined scope in defining relationships between model elements.  This seems much closer to the desired semantics of parametrics.  If the SST approach was taken then the meaning of all those constructs on a parametric block would need to be defined, which will require a significant modification to the current document.

There have been several arguments forwarded for the use of constraints as classes.  There have been no arguments for constraints as blocks.  At a minimum, parametric constraints should be stereotypes of UML class not of Block.  The arguments for constraints being a class are however also flawed.  One argument put forward for class based constraints is so that they can be instanced to allow unique constraints on instances of the model such as customization.  UML does not model customization as modification of instances, but rather as subclasses.  Instances are constrained to conform to their class in all cases, and can not support unique constraints.  Another argument for class based constraints is that some constraints are dependent on the result of other constraints, or are defined in terms of quantized units with references to more than one quanta (such as t[j] = t[j-1] * 1.5).  In this case the constraint is a single conceptual expression.  The computation of the constraint in the context of a simulation may be supported by objects that represent the state of the computation for each quanta.  That is not the constraint being instanced.  It is an artifact of the simulation tool computation model.  The last argument raised for class based parametrics is to support persistence of instances, which is circular as it assumes instances are required to be a valid argument.

It is true that on a diagram representing instances there will be representations of constraints.  But, those constraints are identical to the definition of the constraint.  The constraint between the elements in the system may not deviate from one instance to another.  The intermediate values of compound constraints could be computed and represented on such a diagram as required without any need to instance the definition of the relationships between properties.

Given the set of all model properties that are parameters to any parametric constraint all intermediate values have known and deterministic values for any defined instance of the system.  In the case of constraints that may be dependent on prior state of the system, that prior state must as a result be part of the definition for the system instance being represented.

In order for parametric constraints to be classes there must be unique instances that have different properties in the final system.  This would imply that different instantiations of the system have different relationships.  I find this contrary to the UML class based modeling foundation.
Recommendation: Issue ML-2 Parametric Notation

Use the SP approach to parametric constraints. 
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	15.00 ML-3
	Spec Error Rate
	Reject
	Reject
	ML
	1/05/06


Description: Issue ML-3 Spec Error Rate
The amount of errors both editorial and technical in both specs is well above a quality measure acceptable for adoption.  The abstract syntax which defines the semantics of the specifications in particular has a high degree of errors and omissions.  The SST submission in particular has greater than 75% of its diagrams with significant semantic errors (many of the diagrams omit necessary package identification for UML metaclasses, or have incorrect package references).
Recommendation: Issue ML-3 Spec Error Rate

Another round of revisions is required before moving to the UML FTF process, which is quite heavy with documentation on each change, and slow to make progress on such issues as raised in this issue. 
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	16.00 ML-4
	XMI Missing
	Reject
	Reject
	ML
	1/05/06


Description: Issue ML-4 XMI Missing

Both specifications are missing the XMI 2.1 specification which is required to define unambiguously the semantics of the metamodel for SysML.

Recommendation: Issue ML-4 XMI Missing

Both specifications should be rejected and a revised submission requested which provides an XMI definition of the abstract syntax/profile/metamodel of the submissions.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	17.00 ML-5
	Deployment Missing
	Reject
	Reject
	ML
	1/05/06


Description: Issue ML-5 Deployment Missing

Deployment as distinct from allocation as called for in 6.5.1.4 is missing from both specifications.  No provision in either specification deals with deployment of components to execution contexts, simulation of resource constrained environments, or related topics.  This is a mandatory requirement in the RFP.

Recommendation: Issue ML-5 Deployment Missing

Both specifications should be rejected for failing to address this mandatory requirement. 
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	6
	18.00 ML-6
	Non-Depletable Store
	Reject
	Reject
	ML
	1/05/06


Description: Issue ML-6 Non-Depletable Store

The modeling of state variables or databases that can easily replicate values within a behavior are important to modeling behavior of a system.  Neither submission addresses non-depletable stores such as RAM or other software/copyable elements.  I would have expected some direct response to this item, rather than a prescription on how to model it with lower level constructs.

Recommendation: Issue ML-6 Non-Depletable Store

Both specifications should be rejected for failing to meet this mandatory requirement.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	19.00 ML-7
	Representation of Unknowns
	Reject
	Reject
	ML
	1/05/06


Description: Issue ML-7 Representation of Unknowns

As included in 6.5.3.2, but more broadly applied, all model elements should allow designation of any model aspect as TBD, TBS, TBR, etc.  These designations are important to resolving the engineering issues in a model during a project.  Along with such designations the user should be able to attach annotations for reference materials, or other notes.  For numeric values such as property values, probabilistic designation of the range of values should be supported where a specific value is not yet known.  For example weight budgets may be specified as TBR 20+/-5 lbs, and indicates that the exact value is not yet known, needs to be provided for the final design, and the range of values is known to be 15-20 lbs at this point in the design process.

Recommendation: Issue ML-7 Representation of Unknowns

Both submissions fail to address the requirements in 6.5.3.2 for property values that are not yet known, but known within a probabilistic range.  Both specifications require revision to address this mandatory requirement, and should address the issue in a more general manner than is strictly called for in 6.5.3.2. 

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	20 RB-1
	Diagram Type Elements
	Clarify
	Clarify 
	Roger
Burkhart
	06-01-06


Description: Issue RB-1—Diagram Type Elements

Both submissions provide tables that summarize the visual elements (graphical and textual) that may appear on various kinds of SysML diagrams. The review discussion, however, raised questions about whether each diagram type is strictly limited to the notation elements in its own table, or whether elements from other diagram types could also appear on the same diagram. The restrictive view was referred to as a “Chinese wall” between diagram types.

Both submissions provide for an enclosing diagram frame that can name the type of diagram being shown. A user view of this issue is whether the diagram type shown in the diagram frame restricts the contents which may be present within the frame. In an editing tool, such a restriction could, for example, result in a tool palette that enables only a subset of elements to be entered within the frame. To a reader of a diagram, the diagram type of a frame would serve to restrict the range of visual notations that could be present.  A user could learn the elements and conventions of specific diagram types without having to know all the other notations that might be present from any other diagram types.

A specific example of a highly restricted diagram type is the proposed instance diagram in the SST proposal. According to the diagram definition, only underlined “instance specifications” and links between them (including nested internal structure) could appear on this diagram, and it would be distinct from diagram types that hold block definitions or internal block structure. Every SysML diagram type, however, must define what range of diagram elements it could hold. For example, according to the diagram element tables, blocks could not appear in the same diagrams as activities, which means that cross-diagram mechanisms would be needed to define allocations or other relationships between them.

Recommendation: Issue RB-1—Diagram Type Elements

Clarify that each SysML diagram type does restrict the visual elements that may be present in a diagram frame that has the type. Unless there are restrictions on the elements within each diagram type, there is little or no meaning to specific diagram types in the first place. Having specific diagram types is important for users to be able learn subsets of SysML. SysML should not require a user to be familiar with the totality of SysML to interpret the contents that might be present on a specific kind of diagram. Having a defined syntax of each diagram type is also important to define well-formedness rules that tools can enforce, and to provide a foundation for diagram interchange between tools.

	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	1
	21 GIT-001
	Block Instances
	Accept (after clarifications)
	Reject
	Georgia Tech
	01/05/06


Description: Issue GIT-001 – Block Instances
We believe that the ability to support instances and specify the diagrams for representing block instances is critical to SysML users. The selected approach should be intuitive to SEs regardless of their level of familiarity with the UML2. In any case, the specification should clearly clarify any semantic and notational differences between representing an instance of a class (or object) and an instance of a block. 
The specification must include the ability to represent the values of the properties of the block, which may require special new notation not provided in UML2. SST’s nomenclature shown in [SST]-Section 8.2.3.1 (Table 8-5) for InternalProperty Instance is useful, but we would also like to have the ability to display the value of the property next to the value property when the value property is represented as a square box in an IBD (as in “load”, “undeformed_length” and “spring_constant” in Figure 1).
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Figure 1: Block Instances
An instance diagram type is needed due to this key difference in Systems Engineering (SE) vs. Software Engineering (SWE): SWEs typically need instances for examples and test cases, but SEs need instances in addition (maybe more so) as a key type of building block for system definition and trade studies. In other words, libraries of pre-populated instances are useful for composing systems and comparing alternatives. For example, in the hybrid SUV example in the two submissions, the SEs may want to do a trade study comparing three types of engines (each type based on a different technology): two are existing types (A and B), while type C would be a new development. Several model numbers exist for each of types A and B, and I have a SysML-compatible library of these COTS designs that is populated numerous parameter values. As an SE, I would like to be able to drag and drop several instances of type A and several instances of type B into my trade study rather than having to lookup and manually enter their numerous parameter values. Instance diagrams then become a way for using and visualizing such instances (and ideally also for creating and managing them).
Regardless of the syntax eventually selected for representing block instances, we would like to submit a use case that we consider important for SE users. The intent is to make sure that the language designers take it into account and don’t specifically prevent or make its implementation in SysML too counter-intuitive to the user. This requirement is: to allow users to define different “types” or “levels” of block instances, each “type” or “level” representing instances of the product or system in different stages of its lifecycle. For example, the user should be able to define “As-Defined”, “As- Design”, “As-Built” and “As-Supported” instances of a product (or – for that matter - any arbitrary categorization of instances). Figure 2 illustrates this idea (without attempting to conform to or suggest a particular notation or syntax – it is just meant as an illustration). In this figure, “corvette” is an “As-Designed” instance of “Car” with a partNo = “12345”. It has four “tireXYZ” design tires, which in turn contain a design parameter (designPressure = 28). On the right side, “corevette253” is a specific physical instance (or “As-Supported” instance) of “corvette” with its own VIN# (200) and four physical tires with different “actualPressures”.
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Figure 2: “As-Designed” vs. “Physical” Block Instance

Exactly how the user models these levels of instances will most likely be a matter of modeling style, best practices or design patterns used
, but – again – what we want is to make sure that the language allows this in an intuitive way. The key characteristic here is that even if these instances refer to the same product/system, some attributes are unique to a given stage of its lifecycle and don’t really make sense in others (for example, “measured tire pressure” only makes sense for a physical or “As-Supported” instance of a tire, and not for a “As-Designed” tire). Moreover, these instances may be consumed by different types of applications. For example, an “As-Designed” instance may be used to feed a finite-element analysis, whereas an “As-Maintained” instance may be used in a monitoring application that sends alarms to an operator if a parameter falls out of a predefined range. 

Recommendation: Issue GIT-001 – Block Instances
Support block instances and related diagram notation as per [SST]-Section 8.2.3 ([SP] does not include such a diagram). Make sure that specification clearly explains the semantic and notational differences between representing an instance of a class (or object) and an instance of a block. Make sure that the language allows multiple levels of block instances to be intuitively defined (as explained above with the “As-Designed”, “As-Supported”, etc. example).
	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	3
	22 GIT-002
	Graphical Notation for Reference Properties
	Clarify
	N/A
	Georgia Tech
	01/05/06


Description: Issue GIT-002 - Graphical Notation for Reference Properties
It is our understanding that reference properties can have identity and be referenced by more than one block. If that is the case, it is confusing to see them inside a containing block. From earlier discussions, we also understand that the decision to represent them this way was because in an IBD you need to have a single “containing” block. We think that SST should clarify the semantics of a reference property drawn inside a block (as shown in [SST] Table 8-3 in 8.2.2.1 (InternalProperty), where a reference property (r1) is a box stereotyped with <<reference>> inside the block). Related to this, it would be helpful to see how LugBoltJoint in [SST]-Figure 8-6 would look like in an IBD (because it would illustrate – we think – the representation of two reference properties: threadedHole and mountingHole).
Recommendation: Issue GIT-002 - Graphical Notation for Reference Properties
Clarify the semantics of showing a reference property inside a block in an IBD.

1.1 Constraint Blocks/Parametric Diagrams

	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	1
	23 GIT-003
	Block- vs. Collaboration-Based Representation of Parametric Constraints
	Accept (after clarifications)
	Reject
	Georgia Tech
	01/05/06


Description: Issue GIT-003 - Block- vs. Collaboration-Based Representation of Parametric Constraints
We prefer SST’s approach of representing parametric constraints with stereotyped blocks as opposed to SP’s approach of using collaborations. 
Our rationale is primarily from the user's point of view, so we tend to regard UML semantic considerations as a less important evaluation criterion (there is obviously a balance to be pursued between abiding to the intended semantics of UML and not making it too complicated to a Systems Engineer who won’t not even notice, understand, or care about these subtleties). 

This said, we believe that SP’s Collaboration-based approach would impose serious limitations and complexities on the user in two areas: 1) Syntax and Notation, and 2) Constraint Instantiation:

1) Syntax and Notation

· SP's parametric diagram can quickly grow cluttered with ovals, notes and role names and has more notation semantics for the user to understand (see Figure 3 below – from [SP]-Figure 9-5). As a user I would ask myself: why are the ovals and connectors dotted? Why are the equations represented as notes? How do I read the role names in the bindings? In addition, ovals (the symbol used by SP to represent constraints) have much less real estate than rounded blocks (the symbol used by SST) when it comes to graphically conveying constraint information in a diagram. We believe SST's approach provides a cleaner and more structured graphical representation of how subsystems are interconnected via constraints, making it easier to the user to visually navigate the impact that a change in one parameter has on the other subsystems. In addition, rounded blocks with connection is more intuitive and closer to electrical schematics and other block diagram notations familiar to engineers.
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Figure 3: SP’s Parametric Constraint Notation
· We believe that the collaboration semantics is actually foreign and – as result - more confusing to a SE than blocks. When an SE connects block parameters with constraint parameters, they won’t be thinking "these parameters are collaborating via this constraint". Instead, they will be “connecting block parameters to a constraint block that will make sure that the constraint is being met and/or will give us outputs given some inputs”. We believe that most engineers (particularly the ones familiar with engineering schematics like the ones used in electrical, fluid, instrumentation or power systems) will be more comfortable with the block approach.
· It is our understanding that the SP’s approach does not support the representation of deep-nested connectors. This is basically a graphical view of the dot notation (e.g., a.a1.a13 = b.b1 + c.2.21) represented as connectors inside connectors. This is important for scalability (e.g., supporting graphical view of parametric relations among multiple blocks where each block may have multiple parts which may each have nesting several levels deep). Some people may prefer an additional alternative graphical tree view if box nesting goes beyond 6 levels or so.

· It is important to have the ability to define constraints that bind properties with multiplicities (for example, for defining constraints involving arrays of values), and we believe SP’s approach does not allow this.

· We believe that SST’s approach of representing the variables in the parametric constraints with white square blocks (SST's notation for block properties) shows more clearly the constraint parameters that are "connectable" to the outside world, and which parameters have not been connected to anything yet. Related to this, we disagree with a statement made by fellow reviewers that constraint variables look like ports; in SST ports have arrow symbols inside and are drawn straddled on the border, not flushed against it.
· SST’s approach requires less meta-model it seems and enables more consistency.

2) Constraint Instantiation

We believe that the ability to instantiate constraints –not allowed in the SP’s Collaboration-based approach - is critical to enable some important SE use cases involving constraints. These are:

· User manipulation of constraints: as illustrated in Figure 4, the user may want to manipulate (redefine, relax, add) constraints for a given instance of the containing block; and we believe that in order to enable this, constraints must be themselves instantiable. Some argue that having instances of the same block with differing constraints is inappropriate - even illegal - in UML; instead, one should define a new subclass with the new or redefined constraints and create instances off it. Although we appreciate the argument of “never having cookies that don’t conform to any cookie cutter”, in some scenarios this may force an excessive proliferation of classes which are just slightly different from each other and have very few instances (often just one). Take, for example, the case of an “As-Supported” product (e.g., a laptop) with several thousand instances deployed to customers and being tracked by some monitoring system. As these instances evolve through their life cycles users may want to redefine or relax some of their constraints at their discretion: in this case it would be impractical to create subclasses for each deployed variation. Instead, one would tweak the constraints at the instance level
. Another use case requiring manipulation of constraints is in design, where the user will need to define a system that does not satisfy some of the constraints yet but it is still considered to be in a “valid” state. This can be done at the instance level relaxing some of the constraints for the “work in progress” instance and persisting it for later refinement. As the design progresses, the user may “activate” the constraints that are now being satisfied, until the design is complete and all the constraints are satisfied.
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Figure 4: User Manipulation of Constraints

· Constraint State: it is our experience that some types of constraints may require state (and, in order to hold state, you must have instances) in order to work. We believe that this state makes sense and is of interest to the SE. and therefore it is not only a “tool” issue but also a domain/usability one. Figure 5 illustrates several types of constraints we have identified at Georgia Tech in past work (visit the URL in the figure for details), indicating the ones that require state. For example, a “Selector” constraint provides the ability to switch between two or more alternative formulations of the constraint depending on some condition or user selection. This type of constraint contains a state variable indicating which option is “active” or has been “selected” by the user, and the user will likely be interested in seeing and manipulating its value. One example is an engineering analysis involving a constraint representing an analysis model with three levels of fidelity that can be selected by the user (“low”, “medium”, and “high” fidelity). Assuming everything else in the instance of the block is the same, there are three alternatives to run the analysis (one for each analysis model selected). When creating the instances of the system (block) to feed to the analysis
, it is also necessary to capture the selection made in the constraint. Some could argue that we don’t really need to instantiate the constraint itself because it could be modeled with an “if-then” condition inside that calculates the output according to the value of some parameter(s) of the block. Although this is possible, it would require defining an extra parameter in the containing block - in this example, a parameter like “analysis fidelity level” with possible values of “high”, “medium” or “low” - where it does not naturally belong. Such parameter is a selection made by the user to feed the analysis, not really an inherent property of the system. Another option - without the ability to hold state - would be to model three different blocks; one with each different version of the constraint. This would not only be cumbersome, but it would lose the semantic statement that “this system can be analyzed with any of these three levels of the model”. 
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Figure 5: Constraint State

Finally, although we favor the use of blocks for representing constraints, we would like to ask the SST to clarify what happens with the semantics inherited from blocks that does not really make sense for constraints (we can only think of FlowPorts, but there might be others). 

Recommendation: Issue GIT-003 - Block- vs. Collaboration-Based Representation of Parametric Constraints
Adopt SST’s block-based approach for representing parametric constraints, after they clarify what happens with the semantics inherited from blocks (such as FlowPorts) that does not make sense for constraints.

	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	2
	24.00 GIT-004
	Constraint Causality Notation
	N/A
	N/A
	Georgia Tech
	01/05/06


Description: Issue GIT-004 - Constraint Causality Notation
Neither submission seems to provide support for specifying the causality (directionality) of a value property participating in a constraint. SysML tools, for instance, could use this notation to display the results coming from a constraint solver.

In our experience, at any given time the parameters in a constraint may have any of the following states:

· Input: the value was provided by the user

· Target: the user wants the value of this parameter

· Ancillary: the value of this parameter was calculated as an intermediate result to calculate a target

Undefined: none of the above (the user did not provide a value, but does not care to get it).
Recommendation: Issue GIT-004 - Constraint Causality Notation
Provide syntax to describe causality for value properties participating in constraints.
1.2 Ports and Flows
	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	2
	25.00 GIT-005
	Participation of FlowPorts in Constraints
	Clarify
	Clarify
	Georgia Tech
	01/05/06


Description: Issue GIT-005 - Participation of FlowPorts in Constraints
We believe that using flow properties in parametric constraint will be a common situation and therefore it is important to clarify how it is done, preferably with examples. For example, if we have two FlowPorts through which “water” is exchanged, and water has a property called “temperature”, how should we represent a constraint in a block using this temperature?
Recommendation: Issue GIT-005 - Participation of FlowPorts in Constraints
Clarify and provide examples of how FlowPorts participate in constraints.

	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	2
	26 GIT-006
	FlowSpecification Approaches
	Accept
	Reject
	Georgia Tech
	01/05/06


Description: Issue GIT-006 - FlowSpecification Approaches
[SP] specifies a FlowSpecification as a required interface of the FlowPort (represented graphically with a lollipop symbol coming out of the flow port), whereas SST does it by typing the FlowPort with a FlowSpecification. We believe SST’s approach of typing the port is semantically more correct. A user would think of “something of type Fuel flows through this FlowPort” rather than “something implementing the Fuel interface flows through this FlowPort”.
Recommendation: Issue GIT-006 - FlowSpecification Approaches
Adopt SST’s approach of typing the FlowPort with a FlowSpecification
	Priority
	Issue Reference
	Issue Name
	SST
	SP
	Author
	Date

	2
	27 GIT-007
	Representation of FlowPorts and ItemFlows
	Combine
	Combine
	Georgia Tech
	01/05/06


Description: Issue GIT-007 - Representation of FlowPorts and ItemFlows
We believe that SP’s version of Flow Ports is simpler and - in our opinion - sufficient. SST’s distinction between Atomic and Non-Atomic may be confusing to the user and we don’t consider it essential. However, we do consider SST’s ItemFlows very useful for reusability purposes, since as it enables users to connect to ports and restrict the type of flow for the particular context, and since it allows for describing what "does" flow between to blocks versus what "can" flow.
Recommendation: Issue GIT-007 - Representation of FlowPorts and ItemFlows
Combine the two proposals and keep only Flow Ports (typed by FlowSpecifications) from [SP] but add ItemFlow from [SST].

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	28.00 GM-1
	Unambiguous Function  Definition by Mathematical Expressions
	Reject
	Reject 
	MTL
	01/06/06


Description: Issue GM-1 Unambiguous Function  Definition by Mathematical Expressions

The RFP states a requirement for Functions to be defined in terms of mathematical expressions, “6.5.2.1.3.i  Functions can be specified by mathematical expressions, which define the transformation of input to output values”. Both submissions claim full compliance. We do not understand the claim (could not find substantiation). How does a math-reasoning tool interpret the function unambiguously? In other words, how do we add semantics for disambiguation?

Recommendation: Issue GM-1 Unambiguous Function  Definition by Mathematical Expressions

Do not hold up version 1.0, but this issue must be addressed before the standard can be applied to assure consistent data transfer among multiple modeling tools, especially when used to drive simulations.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	
	29.00 GM-2
	Unambiguous Reference to Language Used to State Expressions and Constraints
	Reject
	Reject
	MTL
	01/06/2006


Description: Issue GM-2 Unambiguous Reference to Language Used to State Expressions and Constraints

In the RFP requirement “6.5.3.5.c A reference to the language used to state the expressions and constraints.” The submissions claim compliance through the facility of a comment. Compliance requires a formal representation of a reference to a language.

Recommendation: Issue GM-2 Unambiguous Reference to Language Used to State Expressions and Constraints

Do not hold up version 1.0, but this issue must be addressed before the standard can be applied to assure consistent data transfer among multiple modeling tools, especially when used to drive simulations.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	?
	30.00
	OO Pitfalls 
	OO Methodology Caveat
	OO Methodology Caveat 
	DKS
	1/6/2006


Description: Issue ? Avoiding SE Pitfalls of OO SE Approach

The objective of making the work products of SE processes consistent with those used by the software community are admirable.  Success here would go a long way toward eliminating the "implementation gap" between SE and Development organizations.

However, the users must be aware that OO techniques are fundamentally design tools, i.e., the objects are typically known that are being modelled or represented by the OO implementation.  Having done considerable OO development in both LISP (flavors) and C++, I am well aware of the effectiveness of OO design methodologies for implementation.

The lesson learned is that OO methodologies force the user to define objects from the git go.  After a choice is made, it becomes a constraint (how instead of a what requirement) on subsequent system refinement.  

Recommendation:

Take this issue into account as a caveat when using SysML OO methodology.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	?
	30.10
	OO Pitfalls 
	OO Methodology Caveat
	OO Methodology Caveat
	DKS
	1/6/2006

Rev 1/16/2006


Description: Issue 30: Avoiding SE Pitfalls of OO SE Approach

The objective of making the work products of SE processes consistent with those used by the software community are admirable.  Success here would go a long way toward eliminating the "implementation gap" between SE and Development organizations.

However, the users must be aware that OO techniques are fundamentally design tools, i.e., the objects are typically known that are being modeled or represented by the OO implementation.

One must very carefully choose the SysML models and objects at this early stage of the game to prevent introducing conundrums such as in Dave Oliver's discussion at the end of  Issue 2 - wind energy conversion example.

 The lesson to be learned is that OO methodologies force the user to define objects from the get go.  After a choice is made, it becomes a constraint (how instead of a what requirement) on subsequent system refinement.  

Recommendation:

1.  Take this issue into account as a caveat when using SysML OO methodology.

2.  Provide both FlowPort and FlowItem ala SSL proposal as both are needed for different SE approaches and to assure interface integrity in the final system definition, i.e., detect inconsistencies in the process of merging behavioral and structural models. 

3.  Provide a PortLibrary  type for capturing standardized hierarchical port structures.  Neither SSL or SP provide this capability although the SSL FlowPort appears enable this capability.  (See comments below.)

Added Comments:  
This issue is relevant to the heated debate over items 2 (FlowPort) & 3 (FlowItem).  

Ports:  In the real systems engineering world, systems interfaces are driven by standards, including public, enterprise internal, and system or project specific.  The standards may include content (permitted or required logical flow, atomic or compound),  flow constraints (e.g., packet length along with data start-stop locations, handshaking, e.g., flags for error handling, etc.), and physical constraints (interface connector arrangement, flow rate range, thread size & length,  physical load characteristics, etc.) 

Further, in complex systems, there is a need to capture the idea of hierarchical ports to support hierarchical flow structures and their decomposition to various levels within an architecture (a way of capturing standards).  This notion is very important in the case of publisher/subscriber management.  Hierarchical ports should support the concept of PortLibrary for different categories of port structures ( physical, logical, etc.) for reuse throughout one system, a family of systems, or a class of system applications. 

Flows:
Activities (processes or functions) and the associated logical interfaces are frequently (or should be) defined before there is any detailed concept of structure and physical interfaces to allocate to.  The logical flow structures may be quite detailed because of existing constraints (standards, proposed system needs, or existing systems).  

Example: A system requirement may be to transfer a net average energy rate per time period after all conversion efficiencies are considered between two geographic areas. The energy form and transmission methods are TBDs to meet stringent reliability/availability stakeholder needs while assuring enterprise profitability for the energy supplier(s).  To make the example more complex (more options), assume the form provided to the customer is electric power for residential, commercial, and industrial users in a given locale and the source region(s) and initial sources of energy are also TBD.

Clearly, there are many structural architectures that are viable candidates for implementing such a system that need to be analyzed via trade studies to determine which will best satisfy the stakeholder needs.  The resulting system might comprise several alternatives for reliability (redundancy) or other objectives.  Clearly part of the trades should consider potential benefits of adapting/using existing infrastructure vs. new infrastructure needed for alternate transmission/conversion over the planned life of the system.

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	1
	31.00
	User Understandability 
	Reject
	Reject 
	DKS
	1/6/2006


COMMENT:  There has been a tremendous amount of useful work done on SysML to date.  Attempting to capture all the facets of SE concerns is a non-trivial task and I commend the people that have sweated hours in reaching this point of development.

Description: Issue ? User Understandability

Both SSL and ST submissions rely heavily on the underlying UML "dependency" concept for traceability and allocation and the representations are counterintuitive to current main-stream system engineering methodologies.

"Humans define, create, and use systems. Therefore, to minimize opportunities for problems in a system’s lifecycle, the work products that affect the system definition and program lifecycle activities must be highly understandable and not subject to multiple interpretations. The antidote to complexity is (human) understandability.  Understandability is driven by the amount and clarity of information presented and accessible to stakeholders at a particular level in the system architecture.  High-level information needs to be more general while lower-level information must provide sufficient detail to prevent ambiguity and omissions.  The issue is how to package information at each system level to maximize stakeholder understandability at that level."  D Smith paper on Human Understandibility at INCOSE 2004.

While most of the evaluation issues and discussion during this SysML evaluation appears to be about UML and representation issues, it really boils down to: "Can the users create models that are generally understandable by (all) stakeholders?" The DoD has been pushing DoDAF for many years and industry and government alike have invested millions of dollars.  Yet the people that need to understand the results of the architecture work say over and over again: "I don't understand any of this architecture stuff.  I need information that I understand and can make decisions with."  Thus DoDAF 2 is in the wings to make the architecture data more usable by the people that make decisions.

There has been mention of books and training to support SysML.  There has been mention of enforcing methodology by restricting object usage by tools for each diagram type (R. Burkhart-Chinese Wall) and the associated tool interoperability issues.  

This is somewhat the approach taken on the legend for other visual symbolics, such as engineering drawings and geographic maps.  All you need to understand the visual symbols is a standard legend.  

I spend 90% of my time trying to decipher UML diagrams attempting to determine the meaning of what I see on the diagram with questions like "did the user correctly use the construct here or is it backwards?"  Heaven forbid I try to do a system with a tool with no methodology enforcement, such as Visio, or worse yet PowerPoint.

The bottom line is, so far, the UML experts can't reach agreement on a subset of SysML symbols that are intuitive from our everyday life experiences and and past work experiences.  If we can't do that, SysML will die because the overhead of  achieving understandability for stakeholders and associated errors introduced into system development is too high.

Recommendation: Issue ? Human (User) Understandability

Step back from the SysML details and evaluate associations, requirement traceability, and allocation.  Lets make interpretation straight forward for to maximize ease use.   

The following is supporting information from review notes submitted by D. Smith on 12/16 and concludes with remarks by M. Latta on 12/19.
================

12/16  D Smith

Human understandability is the ability of a user to readily and correctly comprehend what is presented as what the author intended.  UML has too many nuances for those that aren't proficient in UML- speak and it is difficult to see the forest (understanding) for the trees (details).  

Systems Engineers are accustomed to using diagrams with "relations" that are from a top-down or output-input perspective, i.e., the directions that the arrows point in a diagram.  Further the arrow represents either the flow of some property or a relation.  Names for flows are noun phrases. Relations are descriptive verbs or verb-phrases so that one can construct a noun-verb-noun sentence.  It appears that UML convention is to use a simple verb form that, unfortunately, fails to clearly state the relation being defined.  For example requirement1 derive requirement2 is vague.  The derive relation is reverse of a top-down relation or output-input, i.e., the direction the arrow is pointing.  A clearer relation is defines, e.g., requirement1 defines requirement2, i.e., requirement1 is the higher level requirement. 
 

All of the relation names (dependencies) in both proposals are backwards from the top-down direction, i.e., they are from the bottom-up.  It is much easier for the reader to understand if they are top-down, as in the derive vs defines example above.  The SSL proposal alludes to the interpretation problems of this convention by presenting three different ways of expressing the dependencies, all with different relation symbols (dashed arrow, dashed line, and semi-circle start of dashed line) and in some cases clarifying labels (Derived and Derived From).  Three line symbols for the same information, especially if intermixed in a system, seriously detracts from understandability.  The naming used by the SSL team also tries to make it clearer by expanding on the dependency names, e.g., deriveReq, so that the object type the derive is being applied to is more obvious on a diagram.  This still doesn't fix the backwardness.  What is needed is an inverse sense of dependency, a defining relationship, so that the arrow points from top-down.
 

Another issue is whether one cares if a requirement is derived or not.  All requirements are derived from somewhere.  If the intent is to differentiate from a customer dictated requrement to one that was internally derived, a clearer way is to create a subtype of derived requirement. 

 

For requirements, all of the dependency relations are trace between objects, so I see no need for a such a dependency except as a base for more specific trace types, as stated in by the SP definitions and implied by the label in Figure 14-7 Requirements Traceability.  To me, defines should be the generic trace type.  Thus "obj1 defines obj2" where obj1 is usually but not necessarily a requirement and obj2 can be anything that makes sense within the context, e.g., an activity, another requirement, a function.  However, if this presents a tool implementation issue, then defines could be restricted to requirement object types.
 

For understandability, I suggest that all dependency relation names be reevaluated so that the name is consistent with a defining arrow direction and is in the top-down direction:
 

For both proposals, with a defining relation replacing the dependency relation:
deriveReq             defines            Requirement1 defines requirement2.
satisfy                 (is)satisfiedBy  Requirement1 satisfiedBy activity1 or function1 or blackbox1
verify                    (is)verifiedBy    Requriement1 verifiedBy testCase1
refineReq             (is)refinedBy     Requirement1 refinedBy  obj1  
traceReq              defines            Requirement1 defines obj1  

The following issues have been deemed important issues of concern to JPL. 

	Priority 
	Issue Reference 
	Issue Name 
	SST 
	SP 
	Author 
	Date 

	1 
	32.00 JPL-001 
	Block Instances 
	Accept (after clarifications) 
	Reject 
	JAE 
	12/09/05 


Description: Issue JPL-001 Block Instances 
It is widely recognized that representing "instances" (more formally, "Instance Specifications") in the form of a model is a very valuable element of the systems engineering process. Therefore, the debate should not be centered on whether support for modeling instances should or should not be part of the formal release of the SysML specification; they in fact, should be supported. The debate centers on whether a separate diagram type should be used to visualize instances. 

The SST submission includes diagram elements and semantics for a new diagram type called the "Instance Diagram," which is the UML 2 Object Diagram, renamed Instance Diagram. The SP submission does not include the notion of an Instance Diagram nor is it evident that support for modeling instances (or Instance Specifications) is described in the submission. 

The problem with using the UML 2 Object Diagram as the foundation of a SysML Instance Diagram is that the UML 2 Object Diagram (OD) is a simple variant of the UML 2 Class Diagram. ODs are useful in software systems modeling when class diagrams become large and complex with several interrelated classes. Use of one or more ODs can be used to help the software designer better understand such complexities through representation of concrete objects or "instances." It is not a significant stretch for a UML savvy software engineer who is versed in class diagram constructs to understand and articulate the object diagram. 

In the case of the SysML, Roger Burkhart made the excellent recommendation of introducing the notion of "Blocks" to model the static structure of systems; something that was lacking in the v0.9 baseline SysML spec. This resulted in the two post v0.9 submission teams adopting the concept of blocks and describing the diagram elements and semantics associated with two SysML-specific diagram types of the Block Definition Diagram and Internal Block Diagram. Indeed, these two diagram types extend the constructs used in the UML 2 Class Diagram and Composite Structure Diagram, respectively; however, it is not a pre-requisite that the systems engineer be UML 2 class diagram savvy to model the static structure of systems since these constructs (class and composite structure) are not directly exposed. 

Observation: 
There is no Usage Example provided in the SST submission in the section describing Instance Diagrams under the Behavioral Constructs part of the spec submission (if the Instance Diagram is retained, there should be). There is, however, an example of an Instance Diagram provided in the Sample Problem described in Appendix B (cf. page 177). It could easily be argued that this diagram is a special case of the Internal Block Diagram shown on the bottom of page 174 that illustrates the relationship between various subsystems; the only difference is that serial numbers of specific parts are called out in the diagram with some additional notes to show how instances can be modeled. 

Recommendation: Issue JPL-001 Block Instances 
In an effort to keep the SysML specification relatively lean by not introducing more diagram types than necessary [one could argue for parsimony here] yet still provide support for modeling instances, it is recommended that the diagram constructs for blocks be augmented to facilitate representing instance specifications on block diagrams rather than introduce another diagram type (Instance Diagram) that is effectively the same as the UML 2 Object Diagram (which in turn is a special case of a Class Diagram). This would have been fine for the v0.9 baseline because the notion of "Classes" was defined as a behavioral construct in that revision of the spec, but it is not appropriate now that the concept of Blocks has been adopted
Issues from Joseph Skipper
1  Requirements Linking:

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	High
	33.00
	Requirements Linking
	Accept
	Reject
	JFS
	1/11/2006


REQUIREMENTS

Both submission teams provide similar requirements capabilities with some differences.

Requirements Linking:

Constructing a hierarchy (or indented list) of text base requirements is not sufficient.  The systems engineer must have the ability to refine a specific requirement with other model elements, such as a functional model, risks, or constraints upon BLOCKS.  This cross

-linking of model elements is indicative of the strength of the SST submission, and the weakness on the part of SMP.  It should be emphasized that SysML is not about building diagrams – it is about building integrated models with integrity.

Comment:  Direction of Arrows:  

There has been considerable discussion regarding the direction of the arrows in the SST submission.  The OMG is qualified to make a decision regarding the direction of the arrows consistent with UML 2.0.  Practicing systems engineers can use either convention.

Issue #2  Flow Ports and Item Flows as a part of the BLOCK structure

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	High
	34.00
	Flow Ports and Item Flows
	Accept
	Reject
	JFS
	01/11/2006


BLOCK STRUCTURE

Blocks appears to be similar for both submission teams.  Blocks are relevant when they are placed in context with decomposition of other blocks, and viewed within the context of their interfaces.  This systems architecture view (e.g., blocks, interfaces, ports, and port flows) provides the target of allocating functions to blocks, preserving the integrity of the item flows across the ports and interfaces.  

The SST submission team provides the concept of Flow Ports and Item Flows.  The SMP submission team does not.  

Ports and Item Flows:

The SST submission describes Ports as specific connection points where the INTERFACE is used to connect BLOCKS.  Flow Ports are used to specify specifically what can flow over through the port to the BLOCKS.  Item Flows specify those things that actually flow through the PORTS and BLOCKS.    The SMP submission provides for 

service ports (client / server) which is only one of many constructs.  The SMP submission does not provide for item flows, therefore the concept of a interface between two blocks may be inconsistent, is definitely incomplete, and does not provide the systems engineer with proof of integrity across the interface.   

Again, stand alone diagrams do not provide a sufficient model.  Model integrity comes from determining that functions are allocated to blocks, and that item flows  (associated with functions) flow over the ports used to connect interfaces to blocks.  If one can not prove the integrity of the models as a whole, then the models are inadequate.

Comment:  There has been considerable discussion regarding BLOCK composition (black diamond or white diamond) indicating a partial or complete structure.  Previous modeling languages have used a “C” to indicate a complete structure, and a “P” to indicate a partial structure.  The OMG has the responsibility to insure the integrity and consistency of the Systems Modeling Language.  

Issue #3  Behavior Representation

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	High
	35.00
	Behavior Representation 
	Accept (with understanding of executable timing and resource models to follow)  
	Reject
	JFS
	01/11/2006


BEHAVIOR

In order to construct a behavior diagram, three elements must be present:

     
(1) Control flows (and, or, loop, iterations, . . .

     
(2) Function

     
(3) Items (triggering and non-triggering)

The SST submission team provides for item flows, along with logic flows and functions.  The SMP team does not.  Therefore the SMP submission can not be used to construct behavior models as defined by practicing systems engineers.

SysML Extensions To Behavior

Members of the systems engineering profession currently have tools that provide both dynamic (time based) simulation and resource modeling (eg., CORE).  In order for SysML to gain acceptance in the systems engineering community among practicing professionals, the OMG must quickly provide these capabilities after the initial SysML offering.  

Issue #4  Allocation of functions to blocks

	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	High
	36.00
	Allocation of functions to blocks 
	Accept (additional examples required)
	Reject
	JFS
	01/11/2006


ALLOCATION

Behavior typically consists of at least three types of models:  

(1) Operational scenarios, or threads of behavior 

(2) Control systems behavior, and 

(3) Allocated of intrinsic functions to blocks

All of these different types of models use the same “function” element, but they are used very differently.  Specifically:

(1)  Operational scenarios use functions to describe a process model, such as:  launch, transition from earth to Low Earth Orbit (LEO), complete commissioning (unfold antennas, test communications), point to outer space trajectory, and transition to interplanetary travel.  Functions and Item Flows are used to indicate the transition from one phase to the next, such as “checkout complete, transmit results to Mission Control and receive command for Propulsion Start-up.”  Operational scenarios may be at a high level of fidelity or at a much more detailed level as required.

(2) Control behavior can also be modeled using functions of the control system.   In the case of docking two unmanned spacecraft, the control system directs the two spacecraft under control.

(3) Functions intrinsic to and allocated to blocks again use the same element, but in a totally different way.  A component, such as an antenna, has the intrinsic and allocated functions of pointing, transmitting data, and receiving data.  The functions are used in operational scenarios.

My point is simply this:  Providing high level operational scenario functions in swim lanes where the title of the column indicates the name of a block does not constitute allocation.  Detailed level intrinsic functions allocated to components (such as the antenna example above) provide the basis of allocated models.  Granted, there is a “mapping” required between functions used in high level scenarios, and allocated functions to insure the functions used in operational scenarios have a mechanism in place to actually perform the detailed capabilities.  However, the “mapping” of high level scenarios to functions is a consistency and integrity check  - not allocation.  

The SST submission team provides the mechanisms for constructing scenarios, control systems, and the allocation of functions to blocks.  The SMP submission provides a high level “mapping” of functions used in operational scenarios to blocks.  However, this simplistic one step process does not constitute allocation.  

Issue #5  Model Integrity  
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	High
	37.00
	Model Integrity 
	Accept  
	Reject
	JFS
	01/11/2006


MODEL INTEGRITY 

SysML should not be used by practicing systems engineers to construct onlyh diagrams.  SysML should be used to construct engineering models with integrity.  Therefore the following comments are provided toward using SysML in the construction of engineering models with integrity.

View and Viewpoint:  

This extremely important concept  is correctly modeled with the SST submission and is consistent with IEEE 1471.  The SMP submission incorrectly uses “viewpoint” as an attribute of “view”.  

Value Types, Units and Dimensions:

Value types, units and dimensions are clearly specified by SST.  They are not clearly defined by SMP.

Instance Diagrams:

Instance diagrams (e.g., class diagrams with unique values) are supported by SST.  Systems engineers require the capabilities of instances (e.g., Crewed Exploration Vehicle, Unit 4).  Instance diagrams are not supported by SMP.

Item Flows:

SST supports items flows, SMP does not.  Succinctly stated, (a) one can not construct a behavior model without item flows, and (b) one can not perform proper allocation of functions to blocks without consideration of the effects of item flows upon ports and interfaces.

Flow Ports:

Flow Ports are used to describe item flows that are permissible to flow over the components, ports and interfaces.  Without item flows and flow ports, the models do not have integrity.

Timing Diagrams:

Timing diagrams are support by SST and are not supported by SMP. Without timing diagrams, the models do not have integrity.

Functional diagrams capable of dynamic simulation are not included as a part of the initial submission.  The OMG is encouraged to provide this capability to SysML as quickly as possible in that the systems engineering community has the capability today.

Resources:

Resource models in conjunction with timing diagrams are not a part of either specification.  The OMG is encouraged to provide this capability to SysML as quickly as possible in that the systems engineering community has the capability today.

Parametric Diagrams:

The SST submission team uses the term “parametric diagram” where the SMP uses the term “parametric constraint” diagram.   Many types of data may appear in parametric diagrams in addition to constraints.  Specifically, a BLOCK such as a space vehicle may have a current design constraint of 100 kilos, a current design value of 120 kilos, and design target value of 90 kilos.  All of the values are important as the values change throughout the life of the program. 

State Diagrams:

Both submissions (SST and SMP) rely upon the existing UML 2.0 specification regarding state diagrams.  As they currently exist, state diagrams are incomplete.  Specifically:

- The typical use of state diagrams provides for states of components.  Therefore the component with associated states, including the rules for state transitions, must be included.

- Great usage of state diagrams are required in control situations where 

Issue #6  Systems Engineering Deliverables  
	Priority
	Issue

Reference
	Issue

Name
	SST


	SP
	Author
	Date

	Moderate
	38.00
	
Systems Engineering Deliverables
	Accept  
	Reject
	JFS
	01/11/2006


SYSTEMS ENGINEERING DELIVERABLES

The SysML specification process has not included systems engineering deliverables as a specific requirement for submission.  However, as a practicing systems engineering organization, we would like to suggest populating a representative model with SysML and performing an analysis to determine if the following deliverable can be used to produce:

- Requirements Specification, including a list of functional and non-functional requirements.  For functional requirements, link the requirement to the function, function to (allocated) components (if known), and the function to a report section (document outline).  

- Operational scenarios, including both high level and detailed scenarios, for both normal operational and adverse conditions.

- Control scenarios

- Systems architecture, to include blocks, ports, flow ports, and interfaces

- Interface specification document to include blocks, ports, flow ports, and interfaces (as described above), but including item flows.

- Use the models to identify program management concerns, such as risks, design issues, and trade studies

- Models to support alternative acquisition strategies or major design alternatives.
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� Several modeling approaches to achieve this have been suggested to us, each of course with its pros and cons. Among these approaches are: 1) Usage-specific attribute redefinition (adding/redefining attributes to a block in the IBD when the block is used inside another block), 2) Block subclassing (defining subclasses containing the specialized attributes – for example “AsDesignedTire” and “AsSupportedTire” as a subtypes of “Tire”), 3) Defining instances as subclasses of their corresponding “template” block (for example the tire instance “Tire123” as a subclass of the tire template “Tire”, 4) “Join” blocks (a third block joining two blocks and containing the specialized attributes – for example, “DesignTire” joining “Tire” with “Car”).


� It is important, of course, to have a mechanism to clearly identify the instances that have been modified this way.


� By “creating an instance” here we mean using SysML, not a programming language as one would do when constructing an object of a class (e.g., using “new” in Java). The idea is that one can create a valid SysML model defining the instances with any conformant SysML tool, feed it to the analysis and obtain the same results. 
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