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Detailed precise reasoning

UML/SysML Standards

Strong tool support

Model-level execution, 
debug, and test

Code generation
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Verifiable Systems

Detailed planning to 
meet safety objectives

Project execution and 
governance

Creation & management 
of lifecycle data
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Type safety

Modern (e.g. OO, subtypes, 
task types, mutual exclusion)

Targeted towards embedded 
real-time systems

Run-time checking
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Continuous verification

Continuous integration

Iterative development

Dynamic planning

Self organizing teams
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Just to be clear …

Modeling

Ada
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Advantages of (good) modeling
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Modeling

Precision

Verifiability

Code 
generation

RequirementsDesign

Architecture Test cases

Understandability

Reasoning

Handoff

Consistency of 
models and code
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Level Benefit Focus Technologies

UML Maturity Model Index (UMMI)
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0
Code Based 
Development

0% Manually writing code Editor, compiler

1
Visualization

5% Visualizing code 
structures

Reverse engineering

2
Structural 
Modeling

15% Class and block 
modeling of structure

Class and block diagrams

3
Behavioral 
Modeling

30% State and algorithmic 
modeling

State, sequence and activity 
diagrams

4
Executing

70% Model-based 
verification

Model execution, code 
generation, model-based 

debugging

5
Optimizing

100% Agile and Engineering 
Best Practices

Model-based testing, 
nanocycle execution, test 

driven development, 
continuous integration

Q
uality &

 productivity



IBM Software Group | Rational software

Model Execution
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Model Execution supports Model-Based Verification
Requirements Models

Requirements specify a systems input-output control and data transformations

10
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Model Execution supports Model-Based Verification

Design Models
Design specifies the (internal) structural elements and their behavior for implementation

11
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Code Generation from Design Models
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Specifications & Models handed off to software from SE

Any system specification or design model handed off to software should contain
Requirements from which model was developed
Model configuration items (CIs) (files or data representing the model)
Modeling standards describing the modeling techniques
Model element libraries
Model and system interfaces description
Configuration index of model CIs
Modeling development environment and user’s manuals
Any data from V&V activities performed as system level the may be used to satisfy 
verification objectives

13
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Model-Based Hand-off to Downstream Engineering
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Agile for Embedded Real-Time Systems
Embedded is different than IT

More constrained
Often safety-critical
HW/SW co-design
Handed off to manufacturing not end users
More difficult to test
Far more difficult to update in the field

Harmony process applied agile methods to embedded
Iteration-centric model-based development
Includes practices for 

Test Driven Development
High-fidelity modeling
Continuous integration
Dynamic planning
Quality assurance
Continuous safety/reliability/security assessment

15

Agile
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Harmony Agile Overview

Continuous 
Safety 

Assessment

Primary development 
activities

All activities may
be audited

Integration with
System Engineering

Initial 
Planning

(schedule, 
reuse, risk, 

safety 
analysis)
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Incremental Development with Harmony
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Incremental Use Case 
Analysis
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High-fidelity 
Modeling

Test-driven 
Development

Continuous
Integration

Test Driven Development and the Harmony 
Nanocycle
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Model-Based TDD in Action
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You should never be more 
than a few minutes away from 
demonstrating that what you 

have so far is correct

~20 min
nanocycle
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DO-331 Model Based Design Supplement to DO-178C
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DO-178
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DO-331 Model Based Design Supplement to DO-178C
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DO-178



IBM Software Group | Rational software

DO-331

Clarifies the use of modeling in
DO-178 projects

83 objectives total

12 entirely new objectives

Identifies 
Specification Models
Design Models
Need for identification of 
normative and non-normative 
elements
Guidance for use of models in 
DO-1788 projects

24



IBM Software Group | Rational software

Model Based Development and Verification
Examples of some current industry practices using Model Based Development

Source: RTCA D0-331 

Bruce’s 
recommendation
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Model Based Development and Verification
Model Simulation

For Specification Models or Design Models, simulation may be used in 
combination with reviews and analysis of requirements and architecture to satisfy 
some objectives of sections MB.6.3.1, MB.6.3.2, and MB.6.3.3.

Goal is to provide repeatable evidence that the model complies with its 
requirements

Cannot help meet objectives of compatibility with target computer, traceability, 
conformance to standards, or partitioning integrity.

Can help satisfy:
Objectives (Compliance to:)

System Requirements for Specification Models MB.6.3.1.a

SW HLR for Design Models MB.6.3.2.a, MB.6.3.2.a
HLR/LLR Accuracy and consistency MB.6.3.1.b, MB.6.3.2.b
HLR/LLR Verifiability MB.6.3.1.d and MB.6.3.2.d
Algorithm aspects MB.6.3.1.g, MB.6.3.2.g
Consistency & Verifiability of SW Architecture (may provide) MB.6.3.3.b, MB.6.3.3.d
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DO-331 Specification Models
Contain high-level requirements (HLR)

Contains no*
Design
Low-level requirements
Detailed data flow

Typically supported by multiple 
viewpoints

Use case diagram
Sequence diagram
Activity diagram
State machine
Links to text-based requirements
Simulation / execution data

May not be used to generate code

27

*(except to justify design constraints in HLR)
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DO-331 Design Models

May contain
Design
Low-Level Requirements (LLRs)
Architecture
Data structures
Detailed data flow
Detailed control flow

Typically supported with multiple 
viewpoints

Class / Object / structure diagrams
Sequence diagrams
Activity diagrams
State diagrams
Source code
Verification data

May be used to generate code

28
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SW Modeling Standards
DO-178 generally requires project standards and checklists for crucial work 
products

Standards lay out the (meta)requirements and organizational principles for work products
Checklists are used by SQA personnel to review the syntax, format, scope and 
completeness of the work product (semantics are dealt with by other reviewer roles and by 
verification)

SW Modeling standards specify
Modeling techniques
Methods for modeling
Modeling languages (e.g. UML) incl. 

reference to language standard, 
style and complexity guidelines, 
constraints, 
means to trace to requirements, 
means to identify any non-normative elements, 
rational for the suitability of the technique for the information 
to be expressed

29
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Harmony: Specification Models

Identify use cases
Traceability links to requirements
Typically 8-20 pages of requirements

Incrementally refine use case definition
Define the operational scenarios and operational 
contracts with sequence diagrams
Identify flow with activity diagrams
Specify normative semantics with state diagram
Verify with simulation / execution
Validate with customer at stable points
Repeat until all requirements represented

30
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Harmony: Design Models
Development proceeds incrementally with the 
basic premise of “make small incremental 
additions, verify, repeat”

High Fidelity Modeling
Identify the software elements required for functional 
correctness 
Produce a functionally correct code base that is 
verified at unit- and integration - levels

Design optimizes at three levels of abstraction
Architectural – optimize the overall system with 5 
key views

Subsystem and Component View
Safety and Reliability View
Distribution View
Concurrency and Resource View 
Deployment View

Collaboration – use-case level scope
Detailed – individual software element scope

31
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Wrapping up: State of the Art

Modeling

Ada

DO-178

Agile
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Great language for 
developing high-

reliability software for 
embedded systems

Best way to specify and 
design complex 

embedded systems

Improves quality by 
avoiding defects via 

continuous execution 
and integration

Now supported with 
explicit guidance on the 

use of modeling, OO, and 
formal methods


