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敏捷的模型驱动系统开发
——构筑高质量嵌入式软件产品



� 嵌入式系统开发现状

� MDD模型驱动开发与Harmony

� Harmony与敏捷Agile

� Rational解决方案

Agenda
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智慧的
电子设备

智慧的
医疗仪器

智慧的

汽车

智慧的能源

智慧的
武器

智慧的
交通

2010年年年年，，，，平均平均平均平均每每每每人人人人拥拥拥拥有有有有10亿亿亿亿个个个个
晶体管晶体管晶体管晶体管，，，，每每每每个个个个晶体管的平均价值晶体管的平均价值晶体管的平均价值晶体管的平均价值
为百万分之一分钱为百万分之一分钱为百万分之一分钱为百万分之一分钱.
先先先先进进进进的科技已的科技已的科技已的科技已经经经经融入数融入数融入数融入数亿计亿计亿计亿计的的的的
设备设备设备设备中中中中 ---汽汽汽汽车车车车，，，，交通交通交通交通，，，，仪仪仪仪器等器等器等器等

2011年年年年，，，，全球全球全球全球约约约约有有有有20亿亿亿亿人通人通人通人通过过过过
各各各各种种种种各各各各样样样样的的的的设备设备设备设备接入到英特网接入到英特网接入到英特网接入到英特网

90%的汽的汽的汽的汽车车车车中的中的中的中的创创创创新来自于新来自于新来自于新来自于电电电电
子子子子设备设备设备设备

80%的的的的创创创创新来自于嵌入式新来自于嵌入式新来自于嵌入式新来自于嵌入式软软软软件件件件

嵌入式系统软件开发的机遇和挑战
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� 文档驱动的开发

� 需求管理难度大

� 需求描述不清晰，理解存在二义性

� 需求变更影响难以追踪

� 需求覆盖难以统计

� 目标硬件与运行环境在项目早期通常无法就位

� 系统复杂，团队协作存在问题

� 难以适应变更

� 设计、代码、文档一致性不好，与客户沟通存在问题

嵌入式系统软件开发的现状
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Costs of
Design 
Changes

Time

Induced
Errors

Requirements
Capture & Analysis

Systems
Analysis & Design

HW/SW Design
Document

SW Design

SW Implementation
& Unit Test

Requirements
Document

SW Design
Specification

Module
Integration & Test

System
Acceptance

(Sub-)System 
Integration & Test

.exe

.doc

.exe

.doc

文档驱动的开发 –实际的
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� 嵌入式系统开发现状

� MDD模型驱动开发与模型驱动开发与模型驱动开发与模型驱动开发与Harmony

� Harmony与敏捷Agile

� Rational解决方案

Agenda
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� 结构

�Structure Diagram

�Package Diagram

�Component Diagram

�Object Model Diagram

�Class and Object

�Deployment Diagram

� 行为

�StateCharts

�Activity Diagram

�Use case Diagram

� 交互

�Sequence Diagram

模型——UML 标准
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� SysML 模型

�需求

�Requirement Diagram

�Use case Diagram

�结构

�External block Diagram

�Internal block Diagram

�行为

�StateCharts

�Activity Diagram

�Sequence Diagram

�约束

�Parametric Diagram

模型——SysML - System Modeling Language
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� 模型驱动的系统软件开发是一种可视化的开发方法，形式化地理解并实现需求的
内容

� 专注于具体领域的建模和抽象，而不是程序语言和算法实现。

� 从不同层面，不同角度，通过模型对复杂系统进行抽象和描述

� 迭代与增量的开发与测试，通过快速原型验证设计

� 改善文档驱动的设计方法带来的弊病, 优点在于:

� 更好的团队沟通和合作

� 精准设计和设计重用

� 需求描述和追踪

� 实现系统架构和功能的对接

� 接口描述

模型驱动的系统软件开发
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模型驱动的系统开发——Rational方案
� UML、SysML，保证设计遵循行业标准
和安全规范

� 可视化的需求、系统和软件建模

� 通过早期系统原型找出最佳系统设计方
案

� 建立模型和需求的追踪关系

� 模型级别的仿真，保证系统设计缺陷在
早期被发现

� 自动代码生成保证了开发效率和质量

� 快速响应用户需求或系统架构的变化，
保证端到端的追踪

� 增加团队的协作性

� 系统开发最佳实践－Harmony

System 
Requirements

The System

Subsystem 1 Subsystem 2 Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3Subsystem 3

Use case

Market / customer 
needs

...

...
Subsystem 3

Subsystem 3
Subsystem 3

Subsystem 3
Subsystem 3

Subsystem 3

Subsystem 3
Subsystem 3

Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3Subsystem 3

Subsystem 3Subsystem 3
Subsystem 3Subsystem 3

Subsystem 3Subsystem 3

action1
action2

action3

Rational DOORS
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1.系统工程系统工程系统工程系统工程

Harmony /SE

2.嵌入式软件开发嵌入式软件开发嵌入式软件开发嵌入式软件开发

Harmony/ESW

模型驱动的系统开发的最佳实践——Harmony

Hans-Peter Hoffmann Bruce Powel Douglass
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� 基于模型的系统工程流程

� 基于SysML

� 迭代的过程

� 用例驱动需求捕获与分析

� 通过可执行模型验证需求

� 系统设计过程中全程追踪需求

� 执行场景转化为测试用例

� 核心步骤: 

�需求分析(Requirements Analysis)

�系统功能分析(System Functional 
Analysis)

�架构分析和设计 (architectural 
analysis and design)

Harmony/SE -变更驱动的系统设计

Links providing traceability 
to original requirements 

System Operations

System Use Case

System Functional Analysis
(Use Case-Based)

Requirements Analysis

Design Synthesis

Architectural Concept

Architectural Analysis
(Trade Study)

Architectural Analysis
(Trade Study)

HW/SW 
Development

HW/SW Req Specs  
incl. Test Scenarios

Logical ICDs

HW/SW 
Development

HW/SW Req Specs  
incl. Test Scenarios

Logical ICDs

HW/SW Req Specs  
incl. Test Scenarios

Logical ICDs

Next Iteration 

Architectural Design

•••• CR UC Realization

•••• Integrated CR UC Realization

Architectural Design

•••• CR UC Realization

•••• Integrated CR UC Realization

•••• CR UC Realization

•••• Integrated CR UC Realization
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CR UC Scenarios (Black-Box)

Executable CR Use Case Model(s)

Updated System Requirements 

Partitioned CR Use Case Model

UC Activity Diagram(s) (Black-Box)

Scenarios (White-Box)

Updated CR System Requirements 

Non-Functional CR System Requirements 

Architectural Analysis Model(s)

CR System Architecture Model 

Change Request(s)

Change Request(s)

CR System Requirements 
CR Use Cases Model 

SRS
(Baseline)

SRS
(Draft)
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UserUser

AdminAdmin AccessPointAccessPoint

CameraCamera

Security System
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UML/SysML

readSecurityCard

User

validateSecurityCard

[CardStatus Valid][CardStatus Valid]

scanBiometricData

User [else][else]

authenticateBiometricData

[else]

flagBiometricScanFailure

[else]

[else][else]

[else]

flagSecurityCardFailure

[else]

[else ][else ]

[BiometricData Authenticated]

logEntryData

[BiometricData Authenticated]

[BsFailCount==3]

disableUserAccount

Admin

[BsFailCount==3]

[ScFailCount==3][ScFailCount==3]

displayCardStatus

[Timeout BiometricScan][Timeout BiometricScan]

displayAuthenticationStatus

logAccountData

alarm

unlockAccesspoint

«MessageAction»

AccessPoint

lockAccesspoint

«MessageAction»

AccessPoint [Timeout Unlocked][Timeout Unlocked]resetAla rm

Admin

[else][else]

takePicture

«MessageAction»

Camera

[First Request][First Request]

User CameraAccessPointUc_Uc1ControlEntry

message_0()

readSecurityCard()

message_1()

validateSecurityCard(CardStatus)

displayCardStatus(CardStatus)

message_2()

scanBiometricData()

authenticateBiometricData(AuthenticationStatus)

displayAuthenticationStatus(AuthenticationStatus)

logEntryData()

message_3()

message_4()

message_5()

message_6()

message_0()

readSecurityCard()

message_1()

validateSecurityCard(CardStatus)

displayCardStatus(CardStatus)

message_2()

scanBiometricData()

authenticateBiometricData(AuthenticationStatus)

displayAuthenticationStatus(AuthenticationStatus)

logEntryData()

message_3()

message_4()

message_5()

message_6()

Uc1ControlEntryCtrl

WaitForEntryRequest

UnlockingAndLockingAccessPoint

reqTakeSnapshot to pCamera

reqReadSecurityCard/
readSecurityCard();

reqProcessAlert("User Access Disabled") to pAdmin

ProcessingSecurityCardData

Fail3Times

ProcessingBiometricData

Failed3TimesBsTimeoutAuthenticated

[CardStatus=="Valid"]

A

evAccessPointLocked

A

/disableUserAccount();
logAccountData();

A

WaitForResetAlarm

reqResetAlarm/
resetAlarm();

reqReadSecurityCard/
readSecurityCard();

[CardStatus=="Valid"]

evAccessPointLocked

/disableUserAccount();
logAccountData();

reqResetAlarm/
resetAlarm();

定义系统边界，范围，关联需求至用例
(“Table of Contents”) 定义用例的工作流 (“Storyboard”) 

定义与环境的交互

集成活动图以及序列图信息，添加状态行为

SysML 工件在Harmony/SE中的应用
捕获系统行为

1

2

3

4
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UML/SysML

itsSuD
1 «block »

itsSS_A
1 «block »

pSS_BpA1

itsSS_B
1 «block »

pSS_ApA2
pA2

pA1
itsA1

1 «Actor »

pSuD

itsA2
1 «Actor »

pSuD

itsSuD
1 «block »

itsSS_A
1 «block »

pSS_BpA1

itsSS_B
1 «block »

pSS_ApA2
pA2

pA1
itsA1

1 «Actor »

pSuD

itsA2
1 «Actor »

pSuD

itsNewtonLaw:NewtonLaw
«ConstraintProperty,ConstraintBlock»

force = mass * acceleration

force:Newtons
mass:Kg

acceletation:MetersPerSec^2

force
«Attribute»mass

«Attribute»

acceleration
«Attribute»

定义结构化元素(Blocks)以及相互关系

定义系统结构实现

定义系统组件间参数关系

SysML 工件在Harmony/SE中的应用
捕获静态视图
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• 螺旋、迭代的开发流程

• 需求驱动

• 以构架为中心

• 专为实时和嵌入式软件

• 软硬件协同开发

• 提供了嵌入式软件开发最佳实践

– 嵌入式架构
– 设计模式
– MDA架构

– 安全关键系统分析和开发

Harmony/ESW
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Harmony/ESW

� Harmony ESW是一个敏捷过程，遵
循一些基本的核心原则

�可工作的软件为核心和评估标准

�模型驱动

�使用UML捕获应用行为与结构

�计划，追踪与调整

�持续反馈，重视质量及优化

�持续的代码生成

�持续的调试与测试

�持续集成
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� 嵌入式系统开发现状

� MDD模型驱动开发与Harmony

� Harmony与敏捷与敏捷与敏捷与敏捷Agile

� Rational解决方案

Agenda
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敏捷开发解决产品开发挑战

主要挑战 传统敏捷开发技术 模型驱动/Harmony与敏捷的结
合

需求不断变
化，难以确
定

�客户的参与

�需求、设计以及原型的结合

�团队协作

�迭代演进

�基于模型的系统工程基于模型的系统工程基于模型的系统工程基于模型的系统工程
�构架可执行的需求与构架
模型

�基于模型交付成果
�基于模型的嵌入式软件工程基于模型的嵌入式软件工程基于模型的嵌入式软件工程基于模型的嵌入式软件工程

�可维护的设计
�自动生成代码，与设计保
持一致

�支持基于模型的测试以及
测试自动化

�敏捷工程最佳实践敏捷工程最佳实践敏捷工程最佳实践敏捷工程最佳实践
�持续质量反馈
�测试驱动的开发
�持续验证过程与结果
�基于现状动态调整计划

如何协调产
品开发时间
与成本要求

�定义需求优先级

�增量开发高优先级任务

�持续发布

�更小更专注更集中的团队

�精简的过程与文档

与新技术新
科技的配合

�系统构架师与开发人员互动

�在项目早期验证高风险任务

�持续测试Daily Testing
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辨正的看待敏捷宣言

可以工作可以工作可以工作可以工作
的软件的软件的软件的软件
可以工作可以工作可以工作可以工作
的软件的软件的软件的软件

个体和交互个体和交互个体和交互个体和交互个体和交互个体和交互个体和交互个体和交互

响应变化响应变化响应变化响应变化响应变化响应变化响应变化响应变化

客户合作客户合作客户合作客户合作客户合作客户合作客户合作客户合作

面面俱到面面俱到面面俱到面面俱到
的文档的文档的文档的文档
面面俱到面面俱到面面俱到面面俱到
的文档的文档的文档的文档

过程和工具过程和工具过程和工具过程和工具过程和工具过程和工具过程和工具过程和工具

遵循计划遵循计划遵循计划遵循计划遵循计划遵循计划遵循计划遵循计划

合同谈判合同谈判合同谈判合同谈判合同谈判合同谈判合同谈判合同谈判

个体和交互个体和交互个体和交互个体和交互胜过胜过胜过胜过过程和工具过程和工具过程和工具过程和工具

•不代表不代表不代表不代表：：：：你可以忽略使用模型以及协作设计工具你可以忽略使用模型以及协作设计工具你可以忽略使用模型以及协作设计工具你可以忽略使用模型以及协作设计工具
工具有助于提速，模型相比起没有说明文档的代码而言，更直观易
于理解

可以工作的软件可以工作的软件可以工作的软件可以工作的软件胜过胜过胜过胜过面面俱到的文档面面俱到的文档面面俱到的文档面面俱到的文档

•不代表不代表不代表不代表：：：：你可以忽略需求捕获及对应的设计你可以忽略需求捕获及对应的设计你可以忽略需求捕获及对应的设计你可以忽略需求捕获及对应的设计
模型与文档对理解系统非常重要，提供敏捷所依赖的深层了解

客户合作客户合作客户合作客户合作胜过胜过胜过胜过合同谈判合同谈判合同谈判合同谈判

不代表不代表不代表不代表：：：：你可以忽视合同你可以忽视合同你可以忽视合同你可以忽视合同、、、、限制及规范限制及规范限制及规范限制及规范

响应变化响应变化响应变化响应变化胜过胜过胜过胜过遵循计划遵循计划遵循计划遵循计划
不代表不代表不代表不代表：：：：你可以不作计划你可以不作计划你可以不作计划你可以不作计划
有计划不代表我们不能改变，模型帮助预测系统行为，提高变更对
系统影响的分析精度，增量的模型开发有助于提供快速响应。
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Harmony 敏捷指导原则

• 首要目标：开发可工作的软件

• 持续反馈至关重要

• 计划、追踪与调整

• 模型至关重要

• 忽略风险是项目失败最大敌人

• 持续关注质量必不可少

• 以目标持续验证过程

• 足够胜于多余

• 测试驱动开发

• Harmony的理念与过程与Agile/Scrum存在一致性

21



原则：首要目标: 开发可工作的软件

• 所有不能直接帮助开发可工作的软件的活动，都一定是次要的

• 实践: 每日活动应该关注在

– 理解现在应该做什么
– 尽快运行工件
– 对每一个小的增量进行验证，确保在做正确的事
– 避免浪费时间在对运行没有贡献的任务上

• 但是，文档以及其他任务同样不可或缺，只是并非首要目标
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原则：持续反馈至关重要

• 瀑布模型一个关键前提是可以从一个阶段到另一个阶段而不引入显著错误
– 我们现在都知道这是不对的不对的不对的不对的! 

• 实践: 我们以天、周和月为单位开发软件，我们需要确保在做正确的事情：
– 持续的执行不断提供反馈（至少软件是可以执行的）
– 执行结果与预期进行比较，保证设计与实际保持一致
– 非正式的调试，鉴定并修改设计或实现
– 正式的测试保证预期与实际的一致性
– 一天或许需要多次运行验证

�“It ain’t right if it don’t run” – Law of Douglass
�“Optimism is the enemy of realism” – Law of Douglass

�“Optimism is a disease – feedback is the cure” – Kent Beck
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原则：计划、追踪与调整

• 太多的管理者使用“弹道型计划”

– 制定计划，祈祷几年以后项目将按预期的开支，达到预期的目标。
– 不去跟踪实际进展，发现问题并采取适当调整

• 敏捷的一个关键原则是“动态计划”

– 计划制定时往往无法获取完整信息
– 随项目推进，理解更加深入
– 变化总是存在

• 需求
• 环境
• 能力

– 计划提供蓝图，随着理解的深入及时更新，并随时调整以应对变化

�“The more you know, the more you know!” - Law of Douglass
�“Plan to Replan” – Law of Douglass



� 嵌入式系统开发现状

� MDD模型驱动开发与Harmony

� Harmony与敏捷Agile

� Rational解决方案解决方案解决方案解决方案

Agenda
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MDD在ALM中的集成
有效的团队协作

MDD

RM

CM

Change
Req

Build
Automation

QM/requirements 
based testing

MDD

� 快速响应变更需求，通过可视化变

更影响分析

� 通过模型驱动测试，自动验证修改

� 围绕模型驱动保持团队同步
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在不同职能人员以及开发团队间相互协作

通过集成的自动测试过程达成
“设计即质量”

提供全生命周期追踪能力，管理
系统需求

开发过程从始至终以建模验证需求，构架以及设计

Rational
Rhapsody

Rational
Quality Manager

Rational
DOORS

Rational
Team Concert

Rational 系统和软件工程工作台

优化工作方式，达成
统一目标

集成工作流，提升效
率和预测

协协协协作作作作
实时测量并报告进展，持

续改进

报报报报告告告告自自自自动动动动化化化化
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使用Rational Doors在全生命周期管理需求

1. 820.30(b) Design and Development Planning

Each manufacturer shall establish and maintain plans that describe or reference the design and development
activities and define responsibility for implementation.

The plans shall identify and describe the interfaces with different groups or activities that provide, or result
in, input to the design and development process.

The plans shall be reviewed as design and development evolves.
The plans shall be updated as design and development evolves.
The plans shall be approved as design and development evolves.

2. 820.30(c) Design Input
2.1. Each manufacturer shall establish procedures to ensure that the design requirements relating to a

device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.2. Each manufacturer shall maintain procedures to ensure that the design requirements relating to a
device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.3. The procedures shall include a mechanism for addressing incomplete requirements.
2.4. The procedures shall include a mechanism for addressing ambiguous requirements.
2.5. The procedures shall include a mechanism for addressing conflicting requirements.
2.6. The design input requirements shall be documented by a designated individual(s).
2.7. The design input requirements shall be reviewed by a designated individual(s).
2.8. The design input requirements shall be approved by a designated individual(s).
2.9. The approval, including the date and signature of the individual(s) approving the requirements,

shall be documented.
2.10. Questions.

2.10.1. Summarize the manufacturer's written procedure(s) for identification and control of
design input.

2.10.2. From what sources are design inputs sought?
2.10.3. Do design input procedures cover the relevant aspects, such as: (Mark all that apply and

list additional aspects.)
2.10.3.1. intended use
2.10.3.2. user/patient/clinical
2.10.3.3. performance characteristics
2.10.3.4. safety
2.10.3.5. limits and tolerances
2.10.3.6. risk analysis
2.10.3.7. toxicity and biocompatibility
2.10.3.8. electromagnetic compatibility (EMC)
2.10.3.9. compatibility with accessories/auxiliary devices
2.10.3.10. compatibility with the environment of intended use
2.10.3.11. human factors
2.10.3.12. physical/chemical characteristics
2.10.3.13. labeling/packaging
2.10.3.14. reliability
2.10.3.15. statutory and regulatory requirements
2.10.3.16. voluntary standards
2.10.3.17. manufacturing processes
2.10.3.18. sterility
2.10.3.19. MDRs/complaints/failures and other historical data
2.10.3.20. design history files (DHFs)

2.10.4. For the specific design covered, how were the design input requirements identified?
2.10.5. For the specific design covered, how were the design input requirements reviewed for

adequacy?

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
1.1. Input electronically formatted data
1.2. Reference external information sources
1.3. Reference external documentation

2. Store design and related information
2.1. Identify and tag design information as unique “design elements”
2.2. Organize design elements

2.2.1. Organize by Design Control Guidance Element
2.2.2. Organize by inter-relationships

2.3. Ensure all design elements are available
2.3.1. Store design elements by Design Control Guidance Element
2.3.2. Store design elements and their historical values

3. Manage all user needs
3.1. Identify the source of the user need
3.2. Identify all user types (groups)
3.3. Identify the customer (s)
3.4. Profile the expected patients
3.5. State the intended use of the product (family)
3.6. Capture the acceptance criteria for each user need

4. Manage design input requirements
4.1. Identify the source of the requirement
4.2. Identify the associated user need
4.3. Capture requirement description and attributes
4.4. Capture acceptance criteria
4.5. Assign responsibility for each requirement
4.6. Manage incomplete requirements
4.7. Manage ambiguous requirements
4.8. Manage conflicting requirements
4.9. Approve all requirements

5. Manage acceptance
5.1. Ensure the acceptance of every user need
5.2. Ensure the acceptance of every design input requirement
5.3. Document the results of every user need acceptance test
5.4. Document the results of every design input requirements test
5.5. Make acceptance results available

6. Manage change
6.1. Maintain history of design element changes

6.1.1. Make complete change history available
6.1.2. Maintain history within and  across any organizational procedure
6.1.3. Maintain history within and  across any project milestone
6.1.4. Maintain history within and  across any Design Control Guidance Elements

6.2. Capture frequency and nature of element changes
6.2.1. Provide rationale for change
6.2.2. Describe decisions made
6.2.3. Identify approval authority for the change
6.2.4. Capture date, time, and signature of approving authority

6.3. Identify impacted elements due to a change in another element
6.3.1. Create backward traces to design elements within and  across any organizational procedure
6.3.2. Create backward traces to design elements within and  across any project milestone

1.1. Identify impacted elements due to a change in another element
• Traceability Reports: consistency with driving design elements
• Impact Reports: other design elements affected
• Links to impacted design elements
1.1.1. Create backward traces to design elements within and  across any organizational

procedure
• Traceability Reports: Procedure Attribute

1.1.2. Create backward traces to design elements within and  across any project milestone
• Traceability Reports: Milestone Attribute

1.1.3. Create backward traces to design elements within and  across Design Control
Guidance Elements
• Traceability Reports: Linked design elements

1.1.4. Create forward impacts to design elements within and across any organizational
procedure
• Impact Reports: Procedure Attribute

1.1.5. Create forward impacts to design elements within and across any project milestone
• Impact Reports: Milestone Attribute

1.1.6. Create forward impacts to design elements within and across Design Control
Guidance Elements
• Impact Reports: Linked design elements

1.2. Associate changed design elements with related elements
• Link Change Design Object with affected design element(s)
• Traceability Links and Reports from affected design element(s)
• Impact Links and Reports from affected design element(s)
1.2.1. Associate design element changes with decisions, rationale, and approval authority

information
• Change Decision Objects with following Attributes:
• Disposition Attribute
• Decision Attribute
• Rationale Attribute
• Owner Attribute
• Management Approval Attribute

1.2.2. Provide associations within and  across any organizational procedure
• Change Design Object Traceability Link on Procedure Attribute
• Change Design Object Impacts Link on Procedure Attribute

1.2.3. Provide associations within and  across any project milestone
• Change Design Object Traceability Link on Milestone Attribute
• Change Design Object Impacts Link on Milestone Attribute

1.2.4. Provide associations within and  across Design Control Guidance Elements
• Change Design Object Traceability Link to traced design elements
• Change Design Object Impacts Link to linked design elements

1.3. Mange the change process
• Design Change Module
• Design Change Reports
• Object History
• Object History Reports
• Versions
• Baselines

1. 820.30(b) Design and Development Planning

Each manufacturer shall establish and maintain plans that describe or reference the design and development
activities and define responsibility for implementation.

The plans shall identify and describe the interfaces with different groups or activities that provide, or result
in, input to the design and development process.

The plans shall be reviewed as design and development evolves.
The plans shall be updated as design and development evolves.
The plans shall be approved as design and development evolves.

2. 820.30(c) Design Input
2.1. Each manufacturer shall establish procedures to ensure that the design requirements relating to a

device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.2. Each manufacturer shall maintain procedures to ensure that the design requirements relating to a
device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.3. The procedures shall include a mechanism for addressing incomplete requirements.
2.4. The procedures shall include a mechanism for addressing ambiguous requirements.
2.5. The procedures shall include a mechanism for addressing conflicting requirements.
2.6. The design input requirements shall be documented by a designated individual(s).
2.7. The design input requirements shall be reviewed by a designated individual(s).
2.8. The design input requirements shall be approved by a designated individual(s).
2.9. The approval, including the date and signature of the individual(s) approving the requirements,

shall be documented.
2.10. Questions.

2.10.1. Summarize the manufacturer's written procedure(s) for identification and control of
design input.

2.10.2. From what sources are design inputs sought?
2.10.3. Do design input procedures cover the relevant aspects, such as: (Mark all that apply and

list additional aspects.)
2.10.3.1. intended use
2.10.3.2. user/patient/clinical
2.10.3.3. performance characteristics
2.10.3.4. safety
2.10.3.5. limits and tolerances
2.10.3.6. risk analysis
2.10.3.7. toxicity and biocompatibility
2.10.3.8. electromagnetic compatibility (EMC)
2.10.3.9. compatibility with accessories/auxiliary devices
2.10.3.10. compatibility with the environment of intended use
2.10.3.11. human factors
2.10.3.12. physical/chemical characteristics
2.10.3.13. labeling/packaging
2.10.3.14. reliability
2.10.3.15. statutory and regulatory requirements
2.10.3.16. voluntary standards
2.10.3.17. manufacturing processes
2.10.3.18. sterility
2.10.3.19. MDRs/complaints/failures and other historical data
2.10.3.20. design history files (DHFs)

2.10.4. For the specific design covered, how were the design input requirements identified?
2.10.5. For the specific design covered, how were the design input requirements reviewed for

adequacy?

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
1.1. Input electronically formatted data
1.2. Reference external information sources
1.3. Reference external documentation

2. Store design and related information
2.1. Identify and tag design information as unique “design elements”
2.2. Organize design elements

2.2.1. Organize by Design Control Guidance Element
2.2.2. Organize by inter-relationships

2.3. Ensure all design elements are available
2.3.1. Store design elements by Design Control Guidance Element
2.3.2. Store design elements and their historical values

3. Manage all user needs
3.1. Identify the source of the user need
3.2. Identify all user types (groups)
3.3. Identify the customer (s)
3.4. Profile the expected patients
3.5. State the intended use of the product (family)
3.6. Capture the acceptance criteria for each user need

4. Manage design input requirements
4.1. Identify the source of the requirement
4.2. Identify the associated user need
4.3. Capture requirement description and attributes
4.4. Capture acceptance criteria
4.5. Assign responsibility for each requirement
4.6. Manage incomplete requirements
4.7. Manage ambiguous requirements
4.8. Manage conflicting requirements
4.9. Approve all requirements

5. Manage acceptance
5.1. Ensure the acceptance of every user need
5.2. Ensure the acceptance of every design input requirement
5.3. Document the results of every user need acceptance test
5.4. Document the results of every design input requirements test
5.5. Make acceptance results available

6. Manage change
6.1. Maintain history of design element changes

6.1.1. Make complete change history available
6.1.2. Maintain history within and  across any organizational procedure
6.1.3. Maintain history within and  across any project milestone
6.1.4. Maintain history within and  across any Design Control Guidance Elements

6.2. Capture frequency and nature of element changes
6.2.1. Provide rationale for change
6.2.2. Describe decisions made
6.2.3. Identify approval authority for the change
6.2.4. Capture date, time, and signature of approving authority

6.3. Identify impacted elements due to a change in another element
6.3.1. Create backward traces to design elements within and  across any organizational procedure
6.3.2. Create backward traces to design elements within and  across any project milestone

1.1. Identify impacted elements due to a change in another element
• Traceability Reports: consistency with driving design elements
• Impact Reports: other design elements affected
• Links to impacted design elements
1.1.1. Create backward traces to design elements within and  across any organizational

procedure
• Traceability Reports: Procedure Attribute

1.1.2. Create backward traces to design elements within and  across any project milestone
• Traceability Reports: Milestone Attribute

1.1.3. Create backward traces to design elements within and  across Design Control
Guidance Elements
• Traceability Reports: Linked design elements

1.1.4. Create forward impacts to design elements within and across any organizational
procedure
• Impact Reports: Procedure Attribute

1.1.5. Create forward impacts to design elements within and across any project milestone
• Impact Reports: Milestone Attribute

1.1.6. Create forward impacts to design elements within and across Design Control
Guidance Elements
• Impact Reports: Linked design elements

1.2. Associate changed design elements with related elements
• Link Change Design Object with affected design element(s)
• Traceability Links and Reports from affected design element(s)
• Impact Links and Reports from affected design element(s)
1.2.1. Associate design element changes with decisions, rationale, and approval authority

information
• Change Decision Objects with following Attributes:
• Disposition Attribute
• Decision Attribute
• Rationale Attribute
• Owner Attribute
• Management Approval Attribute

1.2.2. Provide associations within and  across any organizational procedure
• Change Design Object Traceability Link on Procedure Attribute
• Change Design Object Impacts Link on Procedure Attribute

1.2.3. Provide associations within and  across any project milestone
• Change Design Object Traceability Link on Milestone Attribute
• Change Design Object Impacts Link on Milestone Attribute

1.2.4. Provide associations within and  across Design Control Guidance Elements
• Change Design Object Traceability Link to traced design elements
• Change Design Object Impacts Link to linked design elements

1.3. Mange the change process
• Design Change Module
• Design Change Reports
• Object History
• Object History Reports
• Versions
• Baselines

用户需求 测试用例技术需求

统一的视图进行端到端的可统一的视图进行端到端的可统一的视图进行端到端的可统一的视图进行端到端的可
视化验证视化验证视化验证视化验证

支持与支持与支持与支持与RTC双向的追踪工作双向的追踪工作双向的追踪工作双向的追踪工作
项项项项

支持与支持与支持与支持与RTC双向的追踪测试双向的追踪测试双向的追踪测试双向的追踪测试
项项项项

需求变更管理需求变更管理需求变更管理需求变更管理

设计
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Rational Team Concert——软件协作管理中心

� 一个实时的协作式软件开发平台，目标是提升
软件开发团队的协作能力、创新能力和生产率

� 一个可伸缩的、轻量级的ALM解决方案，面向
企业中的敏捷开发团队（Agile Development）

� 包含功能

� 工作管理（需求管理）

� 配置管理、变更管理

� 构建管理
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Rational Rhapsody——模型驱动实时及嵌入式软件开发平台

� 特点

� 针对嵌入式及实时操作系统，最新支持
Android系统，支持多核框架

� 捕获需求，设计系统及软件实现

� 在整个生命周期，基于模型的仿真与测试

� 开发完整的C, C++, C#, Java以及Ada应用

� 模型与代码动态关联

� 收益

�优化沟通与协作

�持续测试，持续质量提升，在项目最早阶段消除问题

�自动生成应用及文档

可视化可视化可视化可视化
需求分析需求分析需求分析需求分析

动态和静态动态和静态动态和静态动态和静态
测试测试测试测试

代码生成代码生成代码生成代码生成
和执行框架和执行框架和执行框架和执行框架

模型模型模型模型
执行和验证执行和验证执行和验证执行和验证

模型驱动模型驱动模型驱动模型驱动
的系统软件的系统软件的系统软件的系统软件
开发开发开发开发

标准建模标准建模标准建模标准建模
语言语言语言语言
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Rational Quality Manager——基于团队，质量驱动软件交付

� 协作协作协作协作
� 质量管理中心，为软件交付团队服务

� Web 2.0 风格协作
� 重用已有的或是第三方的测试资源

� 可扩展的plug-in 构架

� 自动化自动化自动化自动化
� 自动化文档生成

� 自动化测试环境管理

� 管理管理管理管理
� 贯穿业务对象，能力，测试用例，资源以及缺陷的追
踪能力

� 动态设置风险优先级
� 质量管理、测试管理、测试开发、试验室管理、自动
化测试
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有机的集成整个开发生命周期

成功经验
可视化生
命周期

卓越的执行
沟通和协作
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