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Introduction Introduction 
� This is a system of systems software architecture design case 
based on Samsung SDS architecture design process with ADD 
and data flow analysis. 

� The goal of this presentation is to give illustration and lesson
from the architecture design process of u-City ICOC software 
platform   
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Case Overviewu-City Concept u-City Concept 
� Ubiquitous City is an intelligent next-generation city based on u-IT ( Ubiquitous 
Information Technology ) 
- Dozens of u-City are planed by the Korean Government 
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Integrated City Operating Center  Integrated City Operating Center  
� ICOC is core system for u-Service operation and governance  
� ICOC is Interoperation backbone of distributed & separated u-Services 
� ICOC software platform would be a core competency of Samsung SDS

Case Overview

u-Service Context
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Architecture Goal & Challenge Architecture Goal & Challenge 
� Architecture Design Goal 

- ICOC architecture design for software solution development  
- Define software platform and identify core modules for business competency

� Challenge 
- No reference architecture & concept only 
- Broad concept & lack of detail functionality 
- Rapid change of ubiquitous Technology
- Ambiguous system role 
- Seamless integration with external partner  
- System implement time is obscure

Architecture Process

Architecture Driver 

Case Overview
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Architecture Design ApproachArchitecture Design Approach
� Conceptual Architecture First.  

- Focus on system direction and scope with conceptual architecture

� Based on SDS architecture design process with ADD 
- Phased architecting process for system of systems
- ADD merged with SDS architecture design process 

� Data Flow Analysis as a supplementary technique 
- To derive system function 
- To define & verify role of internal module  

� Architecture designed according to the u-City road-map
- Realistic feasible architecture for short-term 
- Additional long-term future architecture as a vision 

Arch.Process
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SDS Architecture Design Process SDS Architecture Design Process 
� Designed for system integration project
� Focused on system of systems
� Phased approach from conceptual to actual design     
� Verification with executable architecture 
� Integrated with development methodology  
� Experience and reference based 

- but no reference & experience
in this case.

Arch.Process

Conceptual 
Architecture
Define

Design Direction
Set up

Application
Architecture
Design

Executable
Verification

Data
Architecture Design

Technical Infra
Architecture Design
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SDS Architecture Design Process SDS Architecture Design Process 

Current
System
Analysis

Current
System
Analysis

Conceptual
Architecture

Define

Conceptual
Architecture

Define
Design 

Direction
Set-up

Design 
Direction

Set-up

Application Architecture 
Design

Application Architecture 
Design

Technical Infra 
Architecture Design

Technical Infra 
Architecture Design

Data Architecture 
Design

Data Architecture 
Design

Executable Architecture Planning
Executable Architecture Planning

Executable Architecture Impl.
Executable Architecture Impl.

Executable Architecture Test
Executable Architecture Test

Requirement Phase Design PhaseAnalysis Phase

Analyst
/ BA

SA / DA

TA

Business ModelingBusiness Modeling

Designer
/ Developer

Req. Extract Req. Refine Req. Establish

Usecase Refine

Component 
Design

Analysis Package
Design

Design Package 
Define

Class Design

Customer 
Requirement 

confirm
Requirement 

confirm

Component
Identification

Conversion Scoping Logical Data 
Modeling

Dictionary
Define Data RefineConversion

Planning

Physical Data 
Modeling

Data Code Design
Conversion Mapping

Application
Function 
Structure

Architecture 
Requirements

SW Layer
Structure

Component
Type

Modeling Plan,
Data
Standard

C o n c e p t u a l  D a t a  

Mo d e l

Data
Standard

Provide materialProvide material Analysis  ConfirmAnalysis  Confirm Design
Confirm
Design
Confirm

Background,
Vision, Scope,
Core 
Requirements.

Deployment Structure
Design

System Topology

Architecture Style, 
Design Pattern

Modeling
Plan

Architecture 
Design Decision

System Interface
Design

Usecase Analysis

System Interface
Analysis

Arch.Process
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Adopting ADD Adopting ADD 
� Why ADD 

- Rational process to define software architecture 

� ADD
- Architecture design process 
- Quality scenario based 
- Functional requirement Necessary 
- Providing architecture decisions 
- Define interface to child modules    

� ICOC Issues with ADD
- Insufficient functional
requirement to instantiate module  

- System of Systems needs additional design effort
due to many design issues     

1. Choose Module to 
Decompose

2. Refine Modules

3. Repeat Step 2

a. Choose Arch. Drivers

b. Choose Arch. Patterns

c. Define Modules with Req.

d. Define Interfaces

e. Verify & Refine Req.

Arch.Process
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Tailored Architecture Design ProcessTailored Architecture Design Process

Prototyping

Technology 
Research

( u-Tech & COTS )

� Process
- SDS architecture design
process to design application
architecture  

- ADD merged 
- Data Flow Analysis for
compensation

� Input 
- Prototyping Result.
- Technology Research 
- Business Scenario

� Output 
- Application Architecture 
- Platform Architecture   

Application Architecture
( Functionality )

ADD

Platform Architecture 
( Module & Solution to Build )

Data Flow Analysis

Initial Concept
Development

Application Architecture Design
( Functionality )

Architecture Design
Decision Set 

Business Scenario
& Requirement

Reference Design
Decision Area

ADD

Platform Architecture Design 
( Module & Engine for Future Development )

Data Flow Analysis

Arch.Process

Conceptual 
Architecture
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Phase 1 - Preparing Architecture DesignPhase 1 - Preparing Architecture Design

Prototyping

Technology 
Research

( u-Tech & COTS )

Application Architecture
( Functionality )

ADD

Platform Architecture 
( Module & Solution to Build )

Data Flow Analysis

Initial Concept
Development

Application Architecture Design
( Functionality )

Architecture Design
Decision Set 

Business Scenario
& Requirement

Reference Design
Decision Area

ADD

Platform Architecture Design 
( Module & Engine for Future Development )

Data Flow Analysis

Conceptual 
Architecture
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Prototyping Prototyping 
� Prototyping based 
on several business scenario  

Phase 1 

S1. Severe Rain Fall 
S2. Fire 
S3. Underground Facility Disorder
S4. earthquake Relief 
S5. Life Safety 
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Technology Research  Technology Research  
� Enumerate & evaluate related COTS & u-Technology standard 
� Research done concurrently with architecture design process 
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System Concept – Initial  System Concept – Initial  
� Starting Point of ICOC Architecture 

Signal(Data) Information (Content)<< Data Fusion · Complex Event Processing>>

External Dept.External Dept.

Local govern.

PoliceST/FireST

City OfficerCity Officer

Briefing DLP

PC

CitizenCitizen

Kiosk

Mobile

Service Biz Logic/Repository

SERVICE FRAMEWORK

Data Sec.Asset Mng. Rule Mng. User Mng.

SLM BPMPerf.Mng Down Mng.

Facility
Facility

Safety
Safety

Traffic
Traffic

Environment
Environment

Education
Education

Health
Health

Integrated City Operating Center Platform

u-Solution
Framework
(ECP*)

Service Bus
W
eb Service

One-Stop
Portal

Authen.

SSO

Security

Mail

PIMS

BBS

Community
VMS

USN
RFID

Smart Card

UIS
ITS
BMS

e-Government

u-Solution

Legacy Sys.

Administration
Administration

Integration
Interface

ONS
UDDI

DB Mng RemoteCon.Billing Statistics

Event Mng CMSITSM IT GOV.

SMS
Dash BD

Phase 1 
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Reference Design Decision AreaReference Design Decision Area
� Pre-defined design decision area for System of Systems

- Given set of SDS architecture process and tailoring is necessary
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Phase 2 – ADD & Conceptual ArchitecturePhase 2 – ADD & Conceptual Architecture

Prototyping

Technology 
Research

( u-Tech & COTS )

Application Architecture
( Functionality )

ADD

Platform Architecture 
( Module & Solution to Build )

I/O Data Analysis

Initial Concept
Development

Application Architecture Design
( Functionality )

Architecture Design
Decision Set 

Business Scenario
& Requirement

Reference Design
Decision Area

ADD

Platform Architecture Design 
( Module & Engine for Future Development )

Data Flow Analysis

Conceptual 
Architecture
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Applying ADD – 1/2Applying ADD – 1/2
� ADD applied to design conceptual architecture only   

Business Scenario 
instead of use-case 

Conceptual Architecture
Sub-System Define

Service Oriented 
Architecture 
Black Board

Business scenario
Quality Scenario

System Concept
Related Artifact Approach Activity Step

High Level Only   Instantiate modules and allocate functionality2.C
Service Oriented 
Design 

Define interfaces of the child modules. 2.D

Verify and refine use cases and quality scenarios 2.E

Repeat the steps above  if necessary

Choose an architecture pattern that satisfies the 
architecture drivers. 

Choose the architecture drivers. 
Refine the module according the following steps
Choose the module to decompose

Only OnceStep #3

2.B

2.A
Step #2 
Step #1 

Phase 2 

17

Applying ADD – 2/2 Applying ADD – 2/2 

H, M 

M, H

L, H

M, H

H, M

M, M
M, L

H, M

H, H 

H, H

Priority
& Difficulty

Separated Hi-Speed Data Transfer Hub 
MMDB based Real-time Information Storage 

City Status Information updated Real-time ( 1 Minute )   Performance 

Information & ICOC Service Registry with ESB    Additional u-Service without System  Re-Development Modifiability 
Separating Layering of device control Additional u-Device without System  Re-Development Modifiability 

Configurable routing of u-Device Data   Relevant u-Device Data must be routed to registered u-
Service

Performance 

PDA based Facility management Service with WiFi or 
CDMA 

Support Facility Control on the spot with Mobile Device Usability

Provide Facility Management Interface on the 
monitoring Client

City Facility must be controllorable directly within 3D 
status monitoring Screen.

Usability

Facility Status Change Event Notification with  
Direct Access to Status DB

City Status Information must be visualized as 3D when 
Facility Status Change 

Usability

Independent Facility Management System 
Remote Operation Interface 

Facility management functionality must operate even if 
ICOC center failure 

Availability

Service Oriented Architecture 
Standardized ICOC Service 
Providing Centralized City Information Data  

Addition External Organization integration without Re-
Development  

Modifiability

Layered Information Filtering 
Separated Hi-Speed Data Transfer Hub 
MMDB based Real-time Information Storage 

Supporting huge amount of u-Device information  
( ~ 100000 tps ) 

Performance 

Quality TacticsQuality Scenario Quality Attribute

Phase 2 
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Conceptual ArchitectureConceptual Architecture
� First decomposition as a high level design
� Role & Responsibility of each system are defined    
� Basis for logical architecture 

Citizen Portal

City Governance & Control System

City Central Information System

City Facility Management

Device Gateway Device Gateway

City Status
Information

General
Information

External Service Hub

Public Service
Integration

Government Service
Integration

Decision
Support

City Status
Monitoring

City Status
Information

Citizen
Portal

Control
Gateway 

Facility
Control

HI-Speed Data Hub
Service Integration Hub

System Management

Performance Mng.

Availability Mng.

Phase 2 
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Architecture Design Decision Set Architecture Design Decision Set 
� Decision set modified with conceptual architecture
� Key design decision by the ADD 
� Other design decision from requirement & experience   

Quality Tactics

Performance Tactic
Modifiability Tactic
Availability Tactic
Usability Tactic

Data Structure 
GISSolution  
Streaming 

Data Distribution/IntegrationData  
Data Interface 

Integration Technology 
Integration Flow Control

Rule Engine 

Interfacing Data Transform 
Integration StructureIntegration  
User Environment ( Client) 
Client Technology  
Portal User Interface  
Batch Job Control  
Application Framework 
Data Access Method 
Transaction 
Layer Structure / Design
Common Functionality Application 

Structure

Design AreaDesign Category

System Req.

Integrated Operation
Remote Facility Management
Citizen Portal 
City Information Monitoring

QS 3,5Rel. QS
1) HUB integration – Integration with Central Integration 

Hub

Assumption 

Rationale

O
1) Hub  
Integration

Design
Decision 

Rel. Req. ID
Coverage 

ESB provides contents based routing functionality.   

Event & u-Device Data within u-City must be delivered several 
system simultaneously, hub structure is better choice for 
simplifying data message delivery structure. 
Routing path is difference according to Message Contents & 
priority, so that  hub integration with flexible routing is necessary.
For intensive status data access to central information database, 
direct DB access is most economic way. 

Peer to peer direct connection for each sub-system. 

Central Integration Hub ( ESB ) operates as a   Integration 
method. 

2) P2P Integration – Peer to Peer Direct Access

ARCH_REQ_4,5,10
Whole System  
Integration Topology among sub-systems.
Integration Design Area

2) P2P 
integration 

3) Hybrid Design with Hub & P2P

Issue  
Integration Structure Category

Phase 2 
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Phase 3 - Detail Architecture DesignPhase 3 - Detail Architecture Design

Prototyping

Technology 
Research

( u-Tech & COTS )

Application Architecture
( Functionality )

ADD

Platform Architecture 
( Module & Solution to Build )

I/O Data Analysis

Initial Concept
Development

Application Architecture Design
( Functionality )

Architecture Design
Decision Set 

Business Scenario
& Requirement

Reference Design
Decision Area

ADD

Platform Architecture Design 
( Module & Engine for Future Development )

Data Flow Analysis

Conceptual 
Architecture

21

Data Flow Analysis - 1/2  Data Flow Analysis - 1/2  
� DataFlow Analysis 

- Business scenario based 
- Consider how business scenario resolved 
on the conceptual architecture  

- Find functionality within data flow & event 
- Group functionality and refine internal module 
% Informal Process with Insight   

� Usage
- Internal module is the basis for logical architecture
- Assign internal module to conceptual architecture 
with design decision set    

Business Scenario

Data Flow & Event 

Internal Module 
( Candidate )

Logical
Architecture

� Business IDEA

System Concept

� Design Decision Set

� Group Functionality 
� COTS Research Result  

� Conceptual Architecture 
� I/O Context

Phase 3 
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DataFlow Analysis – 2/2DataFlow Analysis – 2/2 Phase 3 

Business Scenario
S1. Severe Rain Fall 
S2. Fire 
S3. Underground Facility Disorder
S4. earthquake Relief 
S5. Life Safety 

Water level check Device
Rain fall check Device

Water level check Device
Rain fall check Device

Rout Info Device
(CCTV,USN�)

Rout Info Device
(CCTV,USN�)

House Related Device
(CCTV,USN�)

House Related Device
(CCTV,USN�)

Discharge Rate 
Check Device

Discharge Rate 
Check Device

Data Summary

Integrated
Database

Rule
Repository

Decision Support 
/ Control System

WeatherWeather

TrafficTraffic

FacilityFacility

SafetySafety

Fusion & Analyzing 

Heavy rain
Special report

Road Control

Power Off

Road
Blocking

Weather 
Prediction

Car ControlBridge Blocking

Gas Off Discharge Rate
Change

Shelter
Suggesting

Danger
Area Warning

River

Road

House

Dam
Contents

(GIS, Streaming Info)

Information 
Collecting

Circumstan
tial 

Judgment

Relief 
Processing

GIS DB

Road Flooding
Estimation
House Flooding
Estimation

Location Based
Near-by Facility 
Searching 

Severe Rain
Storm RecognitionWeather

Info.

Facility
Info

Weather
Information

Damage
Estimation

Dam Discharge 
Control Estimation Control

City
Monitoring

� Water level change with rainfall rate 
� Flooded Area 
� Road Control 
� Discharge rate control according to Damage Estimation, Local water level
� Warning Level Change  Analysis Flow based on

Conceptual Architecture 

Data Analyzer

Facility Operating Interface

City Data ( Weather )
Decision & Control

Support  ( Rule Engine )
Facility Management

Sensor Device Gateway

Candidate ModuleData Flow & Event

Apply Technical
Research
Result 

Group &
Refine 
Function

23

Application Architecture Application Architecture 

� Application Architecture 
- Architecture representing system’s internal structure at application level. 
- Second decomposition of ICOC architecture 
- Focused on system’s role & functionality 
- Does not contains specific COTS information

� Application Architecture Design  
- Based on conceptual architecture 
- Allocate & refine candidate module with design decision set

Phase 3 
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Logical View – High Level Module View  Logical View – High Level Module View  Phase 3 

Citizen Portal

Web Browser 

Monitoring
Client 

Mobile Phone

PDA

City 
Info
Portal

Multi Channel
Hub

Map
Data

Portal
Interface

Enterprise Service Bus

City Governance & Control System
Integrated
City Status
Monitoring

Mobile
Adaptor

City 
Operating
Interface

Decision&
Control
Support

GIS 
Engine

City Monitoring
Application
City Status
Monitoring

Client

GIS Client

Operating
Client

City Information Center

Reporting
Engine

Meta Data
Management

Data
Analyzer

Fusion&
Analyzing
Engine

GIS Data

External Service Hub

Adaptor
( Send )

External
Channel
Service
Hub

Adaptor
( Recv.)

City Facility Management
Facility

Management 
Interface

Facility
Information
Management

Status 
Information
Adapter

Facility
Device 
Control 
Gateway

Device 
Gateway 
Adaptor

Facility
Status Data

U - Device 
Gateway 

U - Device 
Gateway 

U - Device 
Gateway 

City Operating
Adaptor 

Decision
Rule Set

Map
Engine

X-Internet 
Engine

Portal
Data

City Data ServiceMap Client

Real-Time
City Info
Storage
(MMDB)

Persistent
City Info
Storage
(RDB)

City Management
Appliction ( PDA )

High Speed Data Bus

� Second level decomposition 
� Represent system functionality with sub-system & its relation   
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Logical View – Detailed C&C View  Logical View – Detailed C&C View  
� Third decomposition of citizen portal  
� Designed by referencing generic portal architecture  
� Software components and relationships were identified clearly at this level 

Phase 3 

Portal
Data

GIS Data

Presentation Logic

X-Internet Server

City Portal

Generic Portlet

GIS Information Adapter

JSP/Servlet Engine

Business Logic

City
Info

Manager

Push Info Sender City Information 
Receiver

Generic
Portal 
DAO

GIS Engine

Remote
Info DAOCity Info Portlet

Portal
Info

Manager

Local
Info DAO

Enterprise Service Bus

Citizen Report 
Provider

Local City 
Information

Data

Web Application Server

Server Application FrameworkPresentation Framework

Web Browser 

Monitoring
Client 

GIS Map
Client

Multi Channel
Hub

PDA Adaptor

Mobile 
AdaptorMobile Phone

PDA status
control

Register event

map info
transfer

mobile info

notify

City info
City control

General portal info service

City info send / register

Portal data
access

Portal Data
access

City main data access

City local
data access

Receive
city Info

Request & reply Area Info

Notify
request

Transfer
valid Info

city data
access

Info access
control request
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Verification - Feasibility Study Verification - Feasibility Study 
� Extension of data analysis 
� Identify all possible input data at current
city environment 

� Estimate feasibility of architecture
by evaluating data processing path 

� Investigated input data property  
- Data Name 
- Data Type 
- Transaction Frequency 
- Update Frequency 
- Data Source 
- Initialization Support  
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Phase 4 – Platform ArchitecturePhase 4 – Platform Architecture

Prototyping

Technology 
Research

( u-Tech & COTS )

Application Architecture
( Functionality )

ADD

Platform Architecture 
( Module & Solution to Build )

I/O Data Analysis

Initial Concept
Development

Application Architecture Design
( Functionality )

Architecture Design
Decision Set 

Business Scenario
& Requirement

Reference Design
Decision Area

ADD

Platform Architecture Design 
( Module & Engine for Future Development )

Data Flow Analysis

Conceptual 
Architecture
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ICOC Platform Design ICOC Platform Design 
� Each element are marked as 4 type.  
� Identify sub system & core module for future development based on logical architecture

Module

Module

Module

Module

Citizen Portal

Web Browser 

Monitoring
Client 

Mobile Phone

PDA

City 
Info
Portal

Multi 
Channel
Hub

Map
Data

Portal
Interface

Enterprise Service Bus

City Governance & Control System

Integrated
City Status
Monitoring

Mobile
Adaptor

City 
Operating
Interface

Decision&
Control
Support

GIS 
Engine

City Monitoring
Application

City Status
Monitoring
Client

GIS Client

Operating
Client

City Information Center

Reporting
Engine

Meta Data
Management

Data
Analyzer

Fusion&
Analyzing

GIS Data

External Service Hub

Adaptor
( Send )

External
Channel
Service
Hub

Adaptor
( Recv.)

City Facility Management

Facility
Management 
Interface

Facility
Information
Management

Status 
Information
Adapter

Facility
Device 
Control 
Gateway

Device 
Gateway 
Adaptor

Facility
Status Data

U - Device 
Gateway 

U - Device 
Gateway 

U - Device 
Gateway 

City Operating
Adaptor 

Decision
Rule Set

Map
Engine

X-Internet 
Engine

Portal
Data

City Data ServiceMap Client

Real-Time
City Info
Storage
(MMDB)

Persistent
City Info
Storage
(RDB)

City Management
Application ( PDA )

High Speed Data Bus

Rule
Engine

Rule
Engine

BPM
Engine

Custom Build
- Implemented within
Project

- Not a part of Platform

Reuse 
- pre-existing 
company asset

COTS Adoption 
- Evaluation & 
Bench Marking 
Necessary 

Core module to
develop in advance
- Core competency 
- Planed to develop 
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High Level Architecture – Future Model High Level Architecture – Future Model 

Citizen Portal

TV Portal

Commercial
Portal 

U-Home

U-Device 
Gateway

U-Device
Gateway

Integrated City
Operation &
Governance

Portal 

Independent
U-Service System

Independent 
U-Service System

Independent
U-Service System

ICOC System
Management System

ICOC Backup
System  

City Facility 
Management

Ministry of Education
School 

Government
Office

Fire St / Police Office

Hospital / 
Medical Institution

Telematics 
Service Provier

Integrated City
Information Service City

Data
Warehouse

City Central
Media System  

City Integrated
Billing System

Multi Channel
Integration Hub

External Service
Integration Hub

Internal Service Integration Hub

Intelligent City
Control System  

Decision & Control Engine
Engine Repository

Real-Time DataReal-Time Data

City DataCity Data

City Motion
Picture Management 

Commercial Service Provider
Hospital

School

Theater

Shop & Mall

etc..Child Care

Service Hub

Service Hub

Service Hub

Sensor

RFID

CCTV

����

VMS

VDS

Traffic
Service

Env.
Service

Facility
Service

Safety
Service

Administration
Service

CCTV

CCTV

ICOC Boundary
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Lesson Learned - 1/2  Lesson Learned - 1/2  
� ADD works on high level   

- Difficult to instantiate module and allocate functionality if requirement are 
not sufficient 

- Alternative compensation process was necessary to detail architecture 
design  

� System of Systems
- Conceptual architecture is important for system’s direction & scope 
- Many levels of decomposition due to its scale
- View-type is mixed and not clear at high level design
- COTS evaluation is critical factor for detail architecture design  
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Lesson Learned - 2/2  Lesson Learned - 2/2  
� Architecture & Requirement  

- Conceptual architecture is a basis for detailed requirement  
- More detailed requirements can be acquired as the architecture become 
mature

� Data-Flow Analysis 
- Starting from business scenario & context
- I/O data flow analysis is good tool for define system functionality.  
- Provide smooth connection between architecture & detail design
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Limitation Limitation 
� It is not a fully implemented system  

- Prototype and only several modules were developed 
- Architecture designed to identify common software component 
- Still many alternatives according to the final selection of COTS
- Not fully verified as an executable architecture 

� Not a strict straight forward design process
- Go back & forth  

� Just a case of what we had done. 


