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! MBSE effort goals

! Overview of system modeling at GMT

! Modeling challenges
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! Provide consistency in the flow down of requirements

! Ensure traceability between analysis and requirements

! Provide support for system decomposition

! Develop observatory top-level life-cycle concepts model

MBSE goals
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! Product Tree

! Document Tree

! NxN

! Doc generation

! Behaviors

! …

Overview of system modeling
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! Large ground based observatories have complex characteristics:
! Complex mission expressed often as a science book or set of white papers

! Complex environment (e.g. seismic, wind,…)

! Long life time  ~50 years

! Project already in motion

! Required multiple arrangements of optics and instruments that are deployed 
incrementaly to deliver the mission

Modeling challenges
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Adaptive Secondary Mirror (ASM) 
used in standard operation

Fast-Steering Secondary Mirror (FSM)
(used in commissioning)
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! How MBSE can help to address those challenges?

Modeling challenges playground
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! Build a vocabulary

MBSE approach
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! Text

Define an Architecture Framework
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! Performance function :     fP(obs_case, env) = obs_data

! Efficiency function :     fE(obs_case, env) = obs_efficiency_metrics

! Safety function :    fS(obs_case, env) = obs_safety_metrics

Observatory as a function
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Top level concepts

Josema Filgueira — Overview of MBSE at GMT MBSE Telescope Workshop II — April 5, 2017



11

! Text

Science Cases
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! Set of properties relevant to the astronomer that need to occur 
simultaneously

Observing Cases
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! Text

Observing Cases
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! Text

Observing Cases
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! Text

Observing Cases vs Science Cases
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Allows answering questions 
such as: What science will be 
impacted if…?
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! Text

Science Requirements
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! Text

Science Requirements
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! Text

Observing Cases Test
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! Text

Observatory Performance Modes

Josema Filgueira — Overview of MBSE at GMT MBSE Telescope Workshop II — April 5, 2017



20

! Set of system properties that need to occur simultaneously

Observing Performance Modes
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! Text

Observing Performance Modes
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Observing Case Analysis
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Analysis
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! Text

Observatory Configurations

Josema Filgueira — Overview of MBSE at GMT MBSE Telescope Workshop II — April 5, 2017



25

! Text

Observatory Configurations
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! Text

Observatory Configurations
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! Text

Observatory Configuration Definition
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Observatory
Configuration
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Observing Performance Mode Analysis
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MBSE goals
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! Text

Requirements flow down
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! Text

Requirements flow down and analysis
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Work in progress:
Can analysis be organized in such
a way that fP(obs_case, env) = obs_data
can be proved?
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! What are the semantics of the <<enables>> relationship?

! We use some normalization rules to make it more “categorical”

Formal considerations
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an observing 
case

an observing 
performance 

mode

<<enables>>

a tuple (oc, opm, a) such as oc is 
an observing case and opm is a 
optical performance mode and 
there is a computation in a that 

uses oc as its input and produces 
opm as its output 

output

input

a tuple (opm, oc, s) where opm is a 
optical performance mode and oc is an 

observing case and there is a set of 
computations in s that uses opm as its 

input and produces oc as its output 
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! Text

Observing process
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! Text

Observatory definition process
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! Text

Operation concept
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! MBSE helps finding emerging concepts that are useful for:
! Decomposing the system

! Flown down of requirements

! Articulating life-cycle concepts

! Organizing the analysis effort

! Provides a formal framework to consider correctness and truth

! Helps to find holes in the specifications

MBSE conclusions
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