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Gamma, E., et al, Design Patterns, Addison-Wesley (1995)

AbstractFactory < Client
CreateProductA()
CreateProductB() AbstractProductA |
CreateFactoryl CreateFactory?2 T M ProductA2 ProductAl |-
CreateProductA() CreateProductA()
CreateProductB() CreateProductB()
i AbstractProductB ¢

* ProductB2

ProductB1

---------




VIbox7I7OR)EF

o HAEEINT-EFEA (scope)DENHBT7TIVr—ay
fEI8 (application area: &IZER)ICEAL T, @I 5L
RS -BE&TJ74K) (concrete factory) THB,

— WRI7IR) 3= 1281F5 concrete product DIVSRAEES
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— WMBRI7IR) - 1NF3—2|ZH T+ createProduct 7AERARI[IE, 7O+
RARIAVIZEH->TEESIN, BRFAINS,
e JOVRSGAVIE,. DFDHEICHK-THEEINS,

— (1) quality level, (2) reusability level, (3)
standardization level, (4) automation level, (5)
knowledge and skill level, (6) time management, (7)
cost management, (8) risk management, (9)
communication management, (10) human resource
management, (11) supply and acquisition
management, and (12) software life cycle level
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» ERA-AOMSER (Exemplar modeling)

© Copyright Reserved by Yoshihiro Matsumoto



FAL &l

FAS &K

o FAS2 LI, & (concepts) BELUANFE (knowledge)
D, HABEShT-tEHE (area) D&

. F}4:}E Emé E H . Al Rights Resereed © Yoshihire Matsumoto, ASTENS 20072008
- AT—VFRILFER/EL. TOREEEZERKIZTH=H

- HELGEREZFEL. £EESIUTOYS7FREEZEEKXK
129576

. FALUIZEENDLO:
- COERORBHEENBRTEIRSE
- COERIHET FREERAT BT EL A

© Copyright Reserved by Yoshihiro Matsumoto



ETILEIE

o MEVATLIX, REX., REEBRER. ThoDRE
~ADEB. EREREZTORXESIZEI>TEERIND,

o ETIVIE, REBXER T (RERZEIZT D) LIICER
FTARCENARELGER AT L (BKRER., FEFNOAL
SELPERMAFONT-ER)ICE>TEEREINSD,

© Copyright Reserved by Yoshihiro Matsumoto



fTHk GRELRATL)RE. ETILRE

— Finite Automata

— Universal Turing machine
— Nerve net

— Petri Net

— Data flow machine

— CCS (Calculus of Communication System) by Prof.
R. Milner

— CSP (Communicating Sequential Processes)
A
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ISO/IEC 15288 vs. ISO/IEC 12207 vs. IEEE Std. 1517 vs. INCOSE Handbook v3.0
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Systems Engineering Process Activities (supporting activities)

Table 1-1 Systemns Engineering Proceszs Activities Overview

Sysiems EI-E.:I:'TI'I.IE Process R “’h_E;ﬁl-::
78 | Emadimg Syriem Engincesng - -
T1 Dieecision Manzgumea Trads sdies and project meviews Through Life
TE Roquiremants Mansporent Sryviem TequiTemends Through Life
13 Risk and Opportuzdty Mazogement | Becognizing opportenities and risks | Thoough Lifs
&0 Systemes Empincering Sapport s S
B.l Aruisition and Sopphy Promumument usines: madationshign Through Life
E2 Architectomal Diesign Tachnical anabysis Developmend Stage
B3 Confiznration Manassremt Corgrol of ckangss thromgh liss Through Life
B4 Information Managamont Project archives and infn sxrkongs Through Life
B3 Imwsiment M{anaserment Estimation and anabysis of costs Through Life
BS Froject Plammizg Managing techmical actvities Through Life
T Croality Manaaameet Prodact and process assessmant Through Life
BEE Rosourcs hlanagemant kills amd rewoerce aailability Diovelopment Stage
B2 Validation U'ser conourmence — COTRCt Fysim Through Life
810 | VrificaSon Baquiterants met — syiiem cormect Through Life
a Specialty Engmeering Acieiites s S
2l Dieadgn for Acqeisition Logistics Integrated Logivtics support sclutions | Devalopment Stage
9x Elecomagnetic Compatibility Eleciro-magratic profectiom Dovelopmend Stage
13 Emvironmental Inpacts Came for the binsphers amd hurans Dovelopmend Stage
04 Hemas Facior Hureom cxpatilities and well-baing Deovelopment Stage
B3 Maws Propartios Plpnuical charectanistics of the system | Devalopment Stage
0.5 Mpdeling, Sizmelation, & Protwiype | Eadyvabdaton and testing Dovalopmant Stags
7 Sabety Heakh Hazards Mfininmem risk in wsers Through Life
0E wviainment Fugnesring Cortimasd nse of sysien Through Life
oo Training Mo Anabyzis Basi: for training requitamenss Diovalopment Stage

INCOSE-TP-2003-002-03.1

INCOSE SYSTEMS ENGINEERING HANDBOOE, version 3.1

Apgust 2007
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INCOSE-TP-2003-002-03.1

Systems Life Cycle Process N-squared chart INCOSE SYSTEMS ENGINEERING HANDBOOK. version 1.1
Apgust 2007
fe=sdpuared chart illustrating input=owtput dependences between the System Life Cycle Prooesses
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15288
Process
Group

Agreement

Enterprise

Project

BEITOLREYI 7772 (1)

15288 Process

Acquisition

Supply

Enterprise
Environment
Management
Investment
Management
System Life Cycle
Processes
Management
Resource
Management

Project Planning
Project Assessment
Project Control
Decision—Making
Risk Management
Configuration
Management
Information
Management

Corresponding INCOSE Process:
Activities

Acquisition

Supply

Enterprise Environment Management

Investment Management

System Life Cycle Management

Resource Managemnt

Quality Management
Project Planning
Project Assessment
Project Control
Decision Making

Risk and Opportunity Management

Configuration Management

Information Management

Enabling Systems Engineering Process
Activities: 1. Decision Management; 2.
Requirements Management; Risk and
Opportunity Management;

Systems Enginnering Support Activities: 1.
Acquisition and Supply; 2. Architecture
Desisgn; 3. Configuration Management; 4.
Information Management; 5. Investment
Management; 6. Project Planning; 7. Quality
Management; 8. Resource Management; 9.
Validation; 10. Verification

Speciality Engineering Activities: 1. Design for
Acaquisition Logistics; Electromagnetic
Capability Analysis; 3. Environmental Impact
Analysis; 4. Human Factors; 5. Mass
Properties Engineering Analysis; Modeling,
Simulation, and Prototyping; 7. Safety & Health
Hazard Analysis; 8. Sustainment Engineering
Analysis; Training Needs Analysis

Corresponding 12207 Process:
Activities

Acquisition

Supply

Project-Enabling Processes: 1. Life Cycle
Model Management; 2. Infrastructure
Management; 3. Project Portfolio Management;
4. Human Resources Management; 5. Quality
management

Project Planning
Project Assessment and Control

Decision Management

Risk Management

Configuration Management

Information Management

Measurement

Copyright © Yoshihiro Matsumoto
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15288
Process
Group

Technical

BEITOEREYIET7I77IRMR (2)

15288 Process

Stakeholder
Requirements
Definition
Requirements
Analysis
Architectural Design
Implementation
Integration
Verification
Transition
Validation
Operation
Maintenance

Disposal

Corresponding INCOSE Process:

Activities

Stakeholder Requirements Definition

Requirements Analysis

Architectural Design
Implementation
Integration
Verification
Transition
Validation

Operation
Maintenance

Disposal

Corresponding 12207 Process:
Activities

Stakeholder Requirements Definition

System Requirements Analysis

System Arcitectural Design
Implementation

System Integration

System Qualification Testing
Software Installation
Software Acceptance Support
Software Operation

Software maintenance

Software Disposal

YILz 777K
18

AT LETER

VAT LEE-Y—ERX

&
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BEITOEREYIET7I77IRMR (3)

12207 process Group

SW Implementation

SW Support

Software Reuse

12207 Process

Software Implementation

Software Requirements Analysis

Softwre Architectural Design
Software Detailed Design
Software Construction

Software Integration

IEEE Std 1517

Software Quaslification Testing

Software Documentation Management
Software Configuration Management
Software Quality Assurance

Software Verification

Software Validation

Software Review

Software Audit

Software Problem Resolution

Domain Engineering

Reuse Asset Management

Reuse Program Management

Integration of Reuse, Reuse Support Process,
Reuse Organizational Support Process (for
more detail, see slide “Content Summaru of
IEEE Std 15177)

VYIr2xFI7IRY)
ik

YIkoz77av ok
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© Copyright Reserved by Yoshihiro Matsumoto 32



IEEE Std 1517-19990)
O+ RIEB

Copyright © Yoshihiro Matsumoto

Integration of reuse

Reuse support process

Reuse organizational life cycle
process

Reuse cross—project life cycle
process

Acquisition process

Supply process

Development process

Operation process

Maintenance process

Asset management process

Reuse program administration
process

Domain engineering process

Initiation

RFP preparation

Contract preparation and
update

Supplier monitoring
Acceptance and completion
Prepare a proposal to respond
to an RFP from an acquirer
Prepare a contract to provide a
system, software product, or
asset to an acquirer
Determaine the procedures and
the resources needed to
manage a project to develop
and deliver a system, software
product or asset to an acquirer
Process implementation
System requirements analysis
Systgem architectural design
Software requirements
analysis

Software architectural design
Software detailed design
Software coding and testing
Software integration

Software qualification testing
System integration

System qualification testing
Software installation

Software acceptance support
Operation of the system
Providing operation support to
the users of the system
Modify an exisiting software
product

Migrate an exisiting software
product

Retire an existing software
product

Process implementation
Asset storage and retrieval
process

Asset management and control

Initiation

Domain identification
Reuse assessment
Planning

Execution and control

Review and evaluation
Process implementation

Domain analysis
Domain design
Asset provision

Asset maintenance
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Terminology (1)

 Application area

— An application area encapsulates knowledge for building a
wide variety of product families

 Product family or family of products

— A product family is a group of products that can be built
from a common set of assets.

e Product line

— A product line is a group of products sharing a common
managed set of features that satisfy the specific needs of a
selected market.

Reference: Czarnecki, K. and U.W. Eisenecker, Generative Programming, Addison-
Wesley (2000)

© Copyright Reserved by Yoshihiro Matsumoto 46



Terminology (2)

e Framework

— A framework provides the interface between the codes
generated by the application program generator and the
underlying platform. The framework codes are generated
by the framework program generator.

 Platform

— A platform provides hardware, operating system, language
processing systems, communication control system,
human-computer interaction management system,
middleware, and database management system
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Verticalization and Horizontalization

 “Verticalization” means the ability to build a family of
products within an application area [Paul Clements].

 “Horizontalization” means the ability to build a
production capability for families across a wide
variety of application area [Paul Clements].

 “Horizontalization” means the ability to build a
production capability for families across a wide
variety of application area, and the ability to build a
production capability for a wide variety of products,
each of which must be built on each different
platform, within a product family [Yoshihiro
Matsumoto].
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Software Factories# ALN=F7 TV r—a BEFIE (2)

6. GATZHBALTR—U7O0—%ERT 5,

- LUENTIFIONIZBRTHAEARAEZRDOREITOLRATHY .. CNUTOTOEX
X.BE-—XICERTHILI—RT—ADBEO7IN)DEELZRHAR) 7OEXT
H5o

7. VMC (view-model-control) ETIVIZHRES T, £9 viewxEZEL ., T Dpresenter
HERETT 5. viewDIHAIAAXCGATHZIEE,

8. view UIZEEET9 %, CHIZIEGATOXZENLZLD T, FEYTH S, controlsZziR
EL.BHEFEZL. ObjectContainerDataSourceZE->TaA> T+ TEL, ZEICA
VRITI—REEERT Do

9. viewZE{fTESE B EITk>TpresenterzT AT 3,

10. controllerZ&E$ 5,

11. GATZ{#E-T. %&IZ{EfLT-page flow EHEZHRTET 5.
12. page flowZE&T %o

13. BEEDV1—IILEERT S,
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Two typeS of Software faCtory All Rights Reserved © Yoshihiro Matsumoto, ASTEM: 2007-2008

Software Factory for

thin-objective system Software Factory

systems . for thick-
Software factory widget O%rjeclfve system

Operation widget B /\ systems

|

" ﬁOff-line
> Horizontal operation
@ Software factory On-line
Off-line Down/Up Operation
Loading of the
\/ Codes v
Edge Server _ 3
Horizontal >,
Process I/0 Interface, Sensor Software factory @
Scan, Engineering Unit,
Event lIdentification, Device Off.line
Control D owr'] JUp

Operation GUI Loading of
Online Se/ns'?Kg'and \ the Codes
Cogml ; ﬁ

thin-objective system objective system thick-objective system objective
system
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B—EX (VI 2z7I7INIDFATHED2—IL)

. .U._E z é: I‘j: All Rights Reserved © Yoshihirg Matsumots, ASTEM: 2007-20{8

- AOHBEBLAEBRICHTAHEESE(REES
D) EFETAIEDIC. E=FICS-TIREShITIE
(CCTlIE. BB LUVIEFREERHIZERE)

o A/AR—30&F
- #HE-BFENEBLEVISICTEA-HICLEL, EEER
(B, Biflf, Ex. #2. 8FL0E)DFLWVESDES
- H—ER A I/R—=23V|ZBFRTSEEIL:
- Biiff. EDRR, #4108, TIBEFLELE
« H—EX-HAITURA
- H—ER A /R=3 % T EH-OICHELREE
. gﬁﬂ;tﬂﬁﬁiﬁﬁﬁﬁi fHESTiE. EDRAE I

F: REAFHELTIE, SOA (Service-Oriented Architecture), SaaS (Software as a
Service)
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Fo6E JL—LD—Y1B AZETSYNIF—LDIE
ahn
JINDTTFI7IRY)
(RZYVYI9T7IF7IRY))

ML, DEFDURLESHRIFEELY,
http://splc2007.jaist.ac.jp/SPLC2007MatsumotoKeynote.pdf
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ARETIL(T)

« From the aspect of Human-Centered Computing:
— our domain engineering = Sensory-motor anthropologic

engineering
Cerebral cortex Cerebella cortex
Sensory Motor space
space
supports mappings mapping supports
» sensory » motor
primitives Sensory-motor primitives
intelligence and
skills

The core assets = Sensory-motor representation, sensory and motor
primitives, mappings between both spaces and the execution platform
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AZETIL(2)
« CCS: Milner, R., A Calculus of Communication Systems, LNCS-92 (1980)

Electric Power -
Generation Plant Modeled by: Finite Automata

(only observable pat)

|

Supervisory and
automatic control Modeled bv: A set of concurrent
EPG software Y- CCS agents

system
Converted to:

o platform Neurocomputing-
Objective codes based interpretive
systems generated codes

automatically:
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ARETIL(3)

trap
|
|
trigger i
i
activity I
|
I post-condition When the
If the trap i activity finishes
condition is false, successfully,
or precondition If the trap condition the post-
is true, action becomes true, the condition
can start. activity will be becomes true.
4 aborted. =

Matsumoto, Y., A Method of Software Requirements Definition in Process
Control, Proc. COMPSAC77, pp.128-132 (1977)
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ARETIL(4)

CONTROLLER: CCS agent

Sl

a

A

_____________________

notifies on: incomplete
<post-condition>//PS

________

_____

_____

precondition

trapped on: <event-
expression> //TP

7
triggered on: <regular
expression> /[TG

7

interrupted on: <event-
expression> //IR

Yoshihiro Matsumoto, A Guide for Management and Financial Controls of
Product Lines, Proceedings of SPLC2007, IEEE Computer Society (2007)
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DSL

More than 6
thousands sheets of
tables were
produced per
project.

The agents are described using a set of table
formats. The described tables are called
“plant tables”.

The six kinds of tables, to be described in
the fill-in-the-blank formats are:

v'Plant Master Status table (PMS: TRAP) —
event notation,

v'Macro Status Determiner (MSD: EVENT) —
macro event notation,

v'"Master Control Sequencer definitions
(MCS: TRIGGER) —trigger notation,

v Input/Output List (I-O List: cerebral data),

v' Alarm Group definitions (ALG: ACTION) —
action notation for alarm, and

v'Operation Block definitions (OB: ACTION)
— action notation for control.
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Framework&platformf DA 27 —X Rk XUEFIE#EE
CCS: Calculus of

Communication
EVENT, TRIGGER, S$ystem

The system was developed by Toshiba
Corporation

TRAP,
Ot INTERRUPT, Logic |
- GUARD, ACTION representation
Descriptions —
filled in the g ~
defined formats Database definitions DSL descriptions Action scripts

I 1 V1 I 1

Code conversion/inversion server

1up|oad
_Framework ‘ ‘ ‘

‘download

Objective computer \4 I \4 I \4 I
DB data DSL data Action logic
codes codes codes
Scannef Suderiisor Ex acuél;ve control Driver
Primitives
: Scan > > >
(interpreters) SYC ETC D|R
Platform
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Generations of the EPG products

All Rights Reserved®© Toshiba Corporation

1960’s 1970’s 1980’s 1990’s 2000’s
SPL stages
and Stage-1 Stage—2 1st EPG-SPL 2nd EPG-SPL 34 EPG-SPL  4ht EPG-SPL
generations
control Logical expr. Decision tables
8 calculation Logical expr. Macro commands Automatic program generation
—
graphics Logical expr. Decision table Graphic Lang.

SWB: Software Workbench System

Develop support

-

o))

[3)

- Source management

=)

< DSL support
configuration

display

_|

o))

a languages

)

—+

2

3 Operating systems

D

3

w

Comp. hardware

SwB

New—SWB

Target systems

Cross compile machine

House machine

Application server

Back ground processing

Specialized machine

single duplex Load sharing distributed
character Semi—graphics Full-graphics Windows
assembler PL-7 PL-G/C C/C+t
native generic
RTMOS(24bit) TREX(32bit) OS-R/ OS-V UNIX Windows
TOSBAC-7000 TOSBAGC-7 TOSBAC-G TOSBAC-XP Industrial PC
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REVI2 727N ARBEBATHSR

o fiZ (solution) IZCET HA2ETILELTCCMZFERALTLS
=8, @M, BENICHREITRETH DL,

e DSLIE, COAFETILEAR—XRIZERESNTWNSNDT, B
AENHFTESD,

o TFSYRIF—LMNT-8EZLIZEILTEHM.DSLESTUEE
JYIRITTI7IOM) &, Fo1={ZEBTHIUNEMNGZINESIZ,
FLEIL—LD—OTRINT BIEELTHOTNVS,

o JL—LD—H%ZLTRITHTARIETEILSNTEY., K
EYIRITI7IMN) R EEEZRIRET S,
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IV

o NSRITEELHAFELLGVE(FEAEAFL DL

SPI

(software Process improvement) jE81& 7Ly, ZD

#E8. ISO/IEC JTC1 WG24 Software Life Cycles for
Very Small EnterprisesZ#maL . TTLLMEEZ/EASEL
TS,

e JJ

~IITEXDATLaT e, BRMEZERSED=0HI,

80%

ERMNSY I T TEALICEBNHY . T=HLLVYT

FOI7 IXREZEDTNSEEROERINEELT, TXEIE

0

TRBEDRAREZTV.ISONRETEHIENEFZLN

IENNTHAHIH
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