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Space Data Sy 
Several Architectural View 

?ink perspective 

Computational Concerns 
Functional composition 

Data Concerns 
nd transformations 

k perspective 

Derived from: RM-ODP 
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Technical Atmroac 

Develop a methodology for describing systems, and systems of systems 

- Initial focus was CCSDS, but it is more generally applicable to space data systems 
- Derived from Reference Model of Open Distributed processing (RM-ODP), which is 

- Adapted to meet requirements and constraints of space data systems 

Define the needed viewpoints for s ecture 

from several viewpoints 

IS0 10746 

description 
- Does not specifically include all elements of RM-ODP engineering and technology 

- Does not encompass all aspects of Space Systems, i.e. power, propulsion, thermal, 
views, assume use of RM-ODP for these 

structure, does not preclude them either 

Define a representational methodology 
- Applicable throughout design & development lifecvcle 
- Capture architecture & design artifacts'in a 

- Validate methodology by applying it to seve 

support analysis 

S reference models and 
and even simulation of performance 

existing systems 

Identify relevant existing commercial methodologies 
- Evaluate UML 2.0 and SysML, now in progress 
- Explore applicability of methodology & tools 

G CCSDS Archite 3 
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Enterprise View ( 

Enterprise Objects: 
0 rgan iza t ions 
Facilities 

3/5/2004 

Enterprise Concerns : 
Objectives 
Roles 
Policies 
Activities 
Con f ig u rat ion 
Contracts 
Lifecycle / Phases 

5 CCSDS Architecture WG 



Connectivity Vie 

Connectivity Objects : 
Physical Nodes 
Physical Links 
(Physical behavior) 

3/5/2004 

2 (Physical Connection) 

Connectivity Concerns: 
Distribution 
Communication 
P h ysica I Envi ron men t 
Behaviors 
Con strain ts 
Configuration 

CCSDS Architecture WG 6 



Functional View (Functional ects) 

-11-111 11-1-111 

Functional F u net iona I 
I n teract ions Interactions 

Functional Objects: 
Functional Elements 
Re la ted I m plemen ta t ions 
Information Flows 

3/5/2004 

F u n ct io n a I Concerns : 
Behaviors 
Interactions 
Interfaces 
Con strain ts 

CCSDS Architecture WG 7 
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Architecture as a Basis for nderstandabili 

“Software architecfures should provide views of the software system with levels of 
granularity appropriate for each sfakeholder (i. e., acquirer, overseer, developer, 
tester, and operator) so that they have insight into new sysfem funcfionality 
resulting from changing requirements or specifying new ones. ” 

RASDS is intended to provide an architectural view of end to end data systems, 
including hard ware and software. 

- Provides insight into functionality and relationship among elements so that complexity 
may be managed 

- Formal representation (using SysML) is expected to provide means to analyze effects 
of new or changed requirements 

- It intentionally does not address implementation details, but these may be naturally 
elaborated based upon the existing views 

- Primarily intended for use with acquirer, overseer, system engineer and developer, 
additional views and details required for operator and tester 

3/5/2004 11 



Architecture as a B essing 
Maintainability 

“Software architectures should link system requirements to detailed system 
implementation so that stakeholders can assess the degree of system change 
and the impact on cost and deveiopmenf schedde that may result from 
maintainability requirements regarding upgrades, changes, and integration of 
COTS product used in the system implementation. ” 

RASDS provides the means to represent software and hardware elements as 
they will be deployed, thus supporting allocation of functionality, design trades, 
deployment trades, and analysis of impact of requirements changes 
RASDS does not explicitly address requirements traceability, though the 
expected adoption of SysML as a formal representation does provide this 
functionality 
Since RASDS is intended to address architectures, not implementations, it does 
not directly address maintainability or COTS 
COTS products are implementation artifacts, but the R ides guidance 
on how to describe their functionality, effects, and interfaces 
- Suitable modeling of functionality and interfaces may prove very useful in early 

identification of model clashes 

3/5/2004 CCSDS Architecture WG 12 



Architecture as a Basis essing Extensibility 

“Software architectures should link system requirements to detailed system 
implementation so that stakeholders can assess the degree of system change 
and the impact on cost and development schedule that may result from new 
requirements on increased system size, complexity, system environments, 
services, and interopera bility. ” 

RASDS provides the means to describe and reason about system and 
component size, complexity, performance, and operating environments 

It is specifically intended to address interoperability issues and addresses 
service and protocol interfaces as a primary means of achieving this 

While RASDS does not directly address requirements traceability down to 
implementation details, is is expected that the SysML formalisms and tools will 
provide this functionality 

We intend to be able to assess end 
grained simulation of behavior based 
primarily using the Connectivity and Functional Views of the modeled system. 

stem performance via coarse 
ASDS models of the system, 

3/5/2004 CCSDS Architecture WG 13 



Architecture as a Basis P xecutabilty 

“The level of granularity of the software architecture should support the 
development of executable models that enable stakeholders to 
measure the impacts of new requirements 8n system peatbrmance and 
reliability. ” 

Using the Connectivity and Functional Views (and in the Communications view 
where needed) is it possible to model system behavior at a coarse level of 
granularity 
- This permits assessment of alternative allocations of functionality and performance 

trade studies 
- It also supports analysis of different protoco approaches to dealing with complex 

communications environments and highly obile elements 
Using SysML to realize RASDS models will permit specification of behavior and 
analysis of performance 
- It will also support model elaboration and refinement t 

granularity 
needed levels of 

Initial studies of formal methods of describing and 
RASDS models, using xADL, are expected to yield early insights into the utility 
of this approach 

3/5/2004 CCSDS Architecture \NG 14 
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SysML Mot 

Systems Engineers need a standard language for analyzing, 
specifying, designing, verifying and validating systems 

Many different modeling techniques . 

- Behavior diagrams, IDEFO, N2 charts, ... 

Lack broad based standard that supports general purpose 
systems modeling needs 

satisfies broad set of modeling requirements (behavior, structure, 
performance, . . .) 
integrates with other disciplines (SW, HW, ..) 
scalable 
adaptable to different SE domains 
supported by multiple tools 

Source: SysML Partners 

3l5l2004 CCSDS Architecture WG 18 



SysML Language A 

Source: SysML Partners 

3/5/2004 CCSDS Architecture WG 19 
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3/5/2004 

9 SysML Anal 
Analyzed requirements in UML for Systems Engineering RFP and SysML 
Draft Response (January 25,2004) 

Initial analysis indicates that SysML meets or exceeds the requirements 
for RASDS, with some specific exceptions: 

- Need clarification of how SysML can support the following: 

Policies and agreements in the Enterprise View 

Detailed communication protocol definitions in the Communications View 

- The ability to explicitly relate model elements between model viewpoints is partially 
addressed by SysML, but must be augmented by RASDS methodology specific 
relationships and constraints. 

- The behavior and executability aspects of SysML are outside current RASDS scope, 
but are expected to prove useful. Requirements and parametric diagrams are not 
currently required for RASDS, but are likely to be useful in the long run. 

- SysML is expected to be adopted by the OMG io late 2004 with tool support anticipated 
to follow. 

CCSDS Architecture WG 21 



Mapping RA ML 

No simple one for one mapping 
RASDS uses Viewpoints to expose different concern 
of a single system 
SysML uses specific diagrams to capture system 
structure, behavior, parameters and requirements 
Several SysML diagrams, focused on different object 
classes, may be applied to a 
Viewpoint 
Extended SysML View 
relationships between Vi 
SysML will support mor 
modeling of behavior t 

iven RASQS 

3/5/2004 CCSDS Architecture WG ' 22 
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Connectivity Vi 
Using Sys 

3/5/2004 

bal structure inherited b 
h kind of Spacecraft ... 

onstrained for each 
CCSDS Architecture WG 
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kind 
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Functional Vie 
Activity 

CCSDS Architectu 
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Informational Vie 
Class 0 

/ 

Reusable, refinable infor 

Derived from: SysML Partners 

3/5/2004 

a1 representation inherited by 
kind of Information Object 

28 
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3/5/2004 

Unified Object 
Representat ion 

Service Interfaces: External Interfaces : 
How services are Core Functions WOW external elements 
requested & supplied What the object are controlled 

does 

Concerns: 
Issues 

CCSDS Architecture WG 32 



Ei 

Enterpr i 
Federated Enterprises wi t s  

ency QRS 

iterprise Concerns: 
0 bjectives 
Roles 
Policies 
Activities 
Con fig u rat i o n 
Contracts 
Lifecycle / Phases 

-- 
Company XYZ 

- 
Contract Operations Organization PDQ 

3/5/2004 CCSDS Architecture WG 33 



Functional - 

Example Functional 0 

\ 0 . 0 
0 

F u nct io na I Concerns : 
Behaviors 
Interactions 
I n t e rfaces 
Constraints 

3/5/2004 CCSDS Architecture WG 34 
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Communication 
P h ysica I Environ men t 
Behaviors 
Constraints 

35 CCSDS Archit Configuration 



Connectivity & W 
Mapping Func 

3/5/2004 

View: 
End to End Behavior 
Performance 
Throughput 
Trade studies 

36 CCSDS Architecture WG 



I n f  ormat 
Relations hip 

SIC Event Plans 

0 bse rva tio n 
Plans 

Actual Data 
Objects 

Data Models 

4 
Instantiation 

I 
I 

I n  

Abstract 
Data Architecture 

me fa-models 

4 
i Instantiation 
I 

SIC Commands 
Instrument 
Commands 

are exchanged among 
Fu nctio na I 0 bjec ts 

Information Concerns: 
Structure 
Semantics 
Relationships 
Permanence 
Rules 
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3/5/2004 

Trust rela tionships 
Policies 
Privacy /proprietary 
issues 

Access control 
Authentication 

Fire walls 
Encryption 
Boundary access 
points 

Combined View: 
Relationships 
Allocations 
Performance 
Trade studies 39 CCSDS Architecture WG 
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Next S 

Validate SysML modeling approach 
- Complete analysis of RASDS to SysML mapping 
- Validate with SysML Partners 

- Seek concurrence with CC unity 

IFF agreed, then: 
Adopt an agreed RASDS formalism 
- Select specific formal methods from SysML. for descrlbrna 

RASDS architectures and systems 
- Agree to final common representation and methods 

Generate baseline RASDS*a 
- Develop agreed SysML meta-models for Viewpoints 
- Define extensible library of component ins 

CCSDS Architecture WG 40 
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