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  ȌȎȗȬǩĝTǥĿÆǂSynthesis and Analysis 

  pMãǻĻ:ǚǂtrade study ǂȽ	cōɆ]ŴȾ 
 ƿǂŅŁǩÃŕǂƏ��ÙwɆDecision making 
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2013 Mar. 6�Č3`KSS�ƙ�



IEEE 1220 systems engineering process �

2013 Mar. 6�Č3`KSS�ƚ�

ĺØǥ@ĕǩþû 

ĺØǩșȷȼȚȃȣ 
ǥ�Ƈ 

;ĿBǷ�ǣǩ 
șȷȼȚȃȣǥ�Ƈ 
 

;ĿǥĺØǩBǷ�Ǩ
źǚǸ(Ķ 

ŅŁĿǩ 
șȷȼȚȃȣǥ�Ƈ 
 

ŅŁĿǩĺØǥ(Ķ 

ĺØǩfâ 

āŌǘǹǞĺØǩfâ 

ÑĪǽȼȅȗȆȔȯ 

ÊŇßǰÑĪǽȼȅȗȆȔȯ 

çíǽȼȅȗȆȔȯ 

ÊŇßǰçíǽȼȅȗȆȔȯ 

SEȥȸȐȎǭǩ2D 

SEȥȸȐȎǩ:D 
Ě@ 

ŅŁǩÊŇ 

ÑĪǩÊŇ 

ĺØǩ;Æ 

ĺØǩ 
p��āŌ 

ĺØǩ 
șȷȼȚ;Æ 
ǥň! 

ŅŁǩ 
șȷȼȚ;Æ
ǥň! 

ĝT 

ȌȎȗȬĿÆ 
ÑĪǩ;Æ 

ÑĪǩ 
șȷȼȚ;Æ
ǥň! 

2LQC1\5SZ�v��
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2013 Mar. 6�Č3`KSS�Ɯ�

ǖǩȌȎȗȬǪǃǁǁ 
ǥ××ǏǶÍ�ǘǹǃ 
ǀǀǩŬñǻĨǍǞ 
ǥǑǨǃǃǃ�

���g}�
  ɂɀȮȘȶȦȼȎȌȎȗȬȏȂȺȍȜǽȵȺȇ�

  Dual VeeŸôȮȘȶȿȂȺȗǾȗǾV�
  ǽȼȅȗȆȔȯǩɄǡǩĽãǥǪɇ 
  ĺØwĥǥÊŇȿp��āŌǩ�ĤǢǔ�

  Ƀɀ SysMLǨǵǸÑĪĺØ;Æ�
  SysMLǤ�ǐǤǑǸǩǏɇ 
  ȌȎȗȬĳìɆÍŨɁ¦ǸĭǋɁĺØɁȠȴȭșȵȕȆ@ĕ 

  ɄɀSysMLǩÝñ� 
  ȂȷȦȼȒŸôȿ�šīHŝǩȴǿȓȼǽȌȎș@�ȌȎȗȬŅŁ�

  ÑĪĺØǩ�:ȿȌȎȗȬǩ¦Ǹĭǋǩ¡«ȿǿȺȒȣȁȼȎǩ¸āJ 
  ǽȼȅȗȆȔȯǩÊłȿ�ÎǻÙwǚǸǞǲǩĿÆȮȘȶǥȗȎșȈȼ
ȎǩÊł 

  Ʌɀǯǥǲ�

� 2013 Mar. 6�Č3`KSS�Ɲ�
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  Dual VeeȽ�/VrȾŸôȮȘȶ�
 ȂȺȗǾȗǾV�
 ǽȼȅȗȆȔȯǩɄǡǩĽãǥǪɇ�

 ĺØwĥǥÊŇȻp��āŌǩ�ĤǢǔ�

2013 Mar. 6�Č3`KSS�ƞ�

ÉÈO?VI\757>M8,Z6C(UZ0�

  ȌȎȗȬȏȂȺȍȜǽȵȺȇɆ 
  ȌȎȗȬǻ�EĴǨxìǚǸǞǲǩĸ±ǩ;ųǨǯǞǐ
ǸǽȥȸȼȔǎǵǬ�Ö 

  INCOSE: International Council on Systems Engineering 
  ȮȘȶǨfǢǒȌȎȗȬȏȂȺȍȜǽȵȺȇǩ�ĺ� 

  böǨĳìǚǸǖǥǤ{¹ǧíĿǐRĪ 
  ȌȎȗȬǩM,ŸôǤǪböǧ4Ŧŀōǐ¿G 
  ȮȘȶǩ7?ñǨǵǸŸôǩGëJȿïð�ǩV� 

  SysMLȽSystems Modeling LanguageȾ 
  ĸƁǧȌȎȗȬǻÍŨǃ¦ǸĭǋǃĺØǃȠȴȭșȵȕȆ@ĕ
ǩƅǏǶböǨĳìǚǸǖǥǐǤǑǸǄ 
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  Operational viewȽȃȧȷȼȌȳȺȾ 
  ŸôǚǸȌȎȗȬǪǦǩǵǌǨ�ñǘǹǸǩǏɇǂƿĺØǩ¸āJ 
  ŸôǚǸȌȎȗȬǪ�ǩȌȎȗȬȽnűȾǥǦǩǵǌǧú��ñǻǚǸǩ
Ǐɇ 

  Functional viewȽÑĪȾ 
  ȌȎȗȬǪ�ǻǙǧǔǹǫǧǶǧǋǏɇǂƿÑĪĺØǩ¸āJ 
  ȌȎȗȬǐǤǑǸǖǥȿȊȼȡȎȿ© ǘǹǸÑĪǻwĥǚǸɀÑĪŹǩ
ǿȺȒȣȁȼȎȿú��ñǻ¸āǨǚǸɀ 

  Physical viewȽçíȾ 
  ÑĪǻūıǚǸǞǲǩȞȼȚȀȁǽǴȑȣșȀȁǽǻwĥǚǸɀ 
  ȮȍȱȼȶǴǽǿȗȬŹǩǿȺȒȣȁȼȎǻ¸āǨǚǸɀ 
  ȌȎȗȬǽȼȅȗȆȔȯǩv�ǭVǔǣȿȌȎȗȬĺØȿȊȤȌȎȗȬĺ
ØȿȉȺȩȼȝȺșĺØǻwǲǸɀ 

2013 Mar. 6�Č3`KSS�ƖƘ�

,Z>)>)V: ´�{¬�_«^��

?zź"ĩǩĺØ 

ķ�ȿȉȼȚ
JǨVǔǞ
�Î 

EntityĺØǩwĥ 

Ì�ŅŁȿǽȼȅȗȆȔȯ
ǩŰwȿŅŁǨVǔǞ�Î�

Ŗ2ȿķ�ȿ
ȉȼȚJ�

ÊŇ 
ÊÇȿȗȎșȿǂ 
xŇȿ;Æ 

p��āŌ�

p��āŌǩŁò�

ĺØǩ 
£:�

Ì�ŅŁ�
ǽȼȅȗ
ȆȔȯ�

ŋėŅŁ� ŉƍȿÊŇ�
ķŨȿ 
Ŭñ�

Customer Confirmation�

Verification and 
Validation Planning�

Verification 
Planning 

ÊŇ 
ÊÇȿȗȎșȿǂ 
xŇȿ;Æ 

C
us

to
m

er
  

C
on

fir
m

at
io

n�

C
us

to
m

er
  

C
on

fir
m

at
io

n�

Ļ
Ţ
ǰ
ŏ
Ç
ȿ

 
ȵ
Ȏ
Ȇ
ŏ
Ç
�

�
5
T
ŏ
Ç
�

ĿÙďǩŭ��

8 Functional view�

9 Physical view�
MATLAB/Simulink�

Mechanical CAD 
Electronic CAD 
Program code�

SysML �

7 Operational view�
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2013 Mar. 6�Č3`KSS�Ɩƚ�

FE modelǧǦ 

£Ŕ 5� 

ȌȎȗȬǩ3�-�

1D-CAE�

ȚȭǿȺ3�

ȚȭǿȺ4�

ȚȭǿȺ2�
UML , SysML, OPMǧǦ�

ȚȭǿȺɂ� Analyze�

Synthesize�Simulink�
AME Sim�

Modelica�

Program code 

VDM++�

HDL: Hardware description Language�

ȮȘȶÊŇ�

57>M�hµ����

  ȌȎȗȬǭǩĺØǏǶÑĪǻ¸āǨǙȿÍ�ǚǸȊȤȌȎ
ȗȬǴȉȺȩȼȝȺșǨÑĪǻBǷ�ǣǸɀ�

  Í�ǚǸȊȤȌȎȗȬǴȉȺȩȼȝȺșŹǩǿȺȒȣȁȼȎ
ǻ¸āǨǙȿÍ�ĺĖǩ�Îǻ¸āǨǚǸɀ�

2013 Mar. 6�Č3`KSS�Ɩƛ�
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2013 Mar. 6�Č3`KSS�ƖƜ�

�¸�§o����

  ĺØȻÑĪǻÊŇǃāŌǚǸǞǲǩȗȎșȈȼȎǻŁòǚǸǄ 
  ÊŇǩŁòǪĺØȻÑĪǐ¸āǨǧǠǞǥǑǨıǌǄ 

  ĺØȻÑĪǐáŚǘǹǣǋǸǏǻȗȎșȈȼȎǤÊŇǚǸǄ 
  ȗȎșȈȼȎǪȲȼȎȈȼȎǨǳǥǢǋǣÊłǚǸǄ�

  ȞȼȚȀȁǽɁȑȣșȀȂǽčǨźǚǸ&ǅǩÊŇǐßǼ
ǤǏǶǃĚTǚǸǄ 
  &ǅǩÊŇǐęǺǠǣǋǧǋǩǨǃĚTǙǣ�5Tǐ
ǺǏǠǞǥǑǃǦǖǨ�5TǐôïǙǣǋǸǩǏǐ=>
ǤǑǧǋǄ�

2013 Mar. 6�Č3`KSS�ƖƝ�
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(Verification & Validation)�

  ÊŇ(verification) 
  ŅŁȻŸôǙǞȌȎȗȬǐȿȌȎȗȬĺØȿ�ÎǻáŚǙ
ǣǋǸǏɇ 

  Did you test what you were supposed to test? 
  Are We Building the Product/System Right? 

  p��āŌ(validation) 
  ŅŁȻŸôǙǞȌȎȗȬǐ?zź"ĩǩȜȼȏǨTĬǙ
ǣǋǸǏɇ 

  Did you test the right things? 
  Are We Building the Right Product/System? 
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  ȗȎșȈȼȎǩÊł 
  ǆĺØǇǪàwRĪȿȗȎșRĪǤǧǔǹǫǧǶǧǋɀ 

  ȲȼȎȈȼȎȌțȵȃǏǶ�Ǒ:ǘǹǞǆĺØǇǻÊŇ 
  

  ȲȼȎȈȼȎȌțȵȃǩǥǎǷÊŇǚǸǖǥǐí� 
  ǖǹǨǪnűȌȎȗȬǐ�ĺ 

  HILS/SILSčǤ�ǻǧǚǮǑǏɇ 
  ŸôǘǹǞȌȎȗȬǐĺØǻáǞǚǖǥǻÊŇ 
  nűȌȎȗȬǩ�űǊǸǋǪǚǮǣǻsimulateǚǸ 
  ȃȧȷȼȒǐ�ĺǂƿǂHuman-in-the-loop Simulation�

2013 Mar. 6�Č3`KSS�ƗƖ�

ÊÈSysML�$&57>M²��

  SysMLǤ�ǐǤǑǸǩǏɇ�
 ÍŨɁ¦ǸĭǋɁĺØɁȠȴȭșȵȕȆ@ĕ�

 M,�Ë�

  ȉȺȄȷȺșȂȺȍȜǽȵȺȇ 

¼ēǩǗĘ�ȽPractical Guide to SysMLǩħņÃȾ 
  ȌȎȗȬȏȮȘȵȺȇŀōƏSysML 
  ĹÅƏąZȽ÷ņȾȿõe�Eȿ��ŠüȿŶœ�g�ȿ	�ĵïȿĦ�� 
  İĩɆSanford Friedenthal, Alan Moore, Rick Steiner 
  :æĄɆ��	������ 
  ôl·Ɇ2012�5¾10· 

2013 Mar. 6�Č3`KSS�ƗƗ�



SysML;*(0TM�hÄ�

SysML  
ȓǿǽȇȴȬ�

¦Ǹĭǋb�

ÍŨb�

ĺØb�

ȲȼȎȈȼȎb�

ȌȼȈȺȎb�

ǽȆȗǾȡȗǾb�

é�ÑÉb�

ȤȸȕȆwĥb�

ȠȴȭșȵȕȆb�

6űȤȸȕȆb�

ȠȕȈȼȍb�

SysML: Systems Modeling Language�

2013 Mar. 6�Č3`KSS�ƗƘ�

SysML;*(0TM�
  ĺØbȽrequirement diagramȾɆĺØǩșȷȼȊȡȵȗǾǻȊ
ȩȼșǚǸǞǲǨȿȗȅȎșȦȼȎǩĺØǥȿ�ǩĺØȿŅŁ
ĺĖȿȗȎșȈȼȎǥǩź"ǻĳǚǄ�

  ǽȆȗǾȡȗǾbȽactivity diagramȾɆ2Dȿ:DȿǎǵǬ@�
ǩ�ñRĪ�ǨfǢǒǽȆȌȳȺǩƈ��ǔǥȿǽȆȌȳȺǩ
2:DŹǩmª´ÛǨźǚǸ¦ǸĭǋǻĳǚǄ�

  ȌȼȈȺȎbȽsequence diagramȾɆȠȼșŹǤ�ªǘǹǞȭȕ
ȐȼȍǩȌȼȈȺȎǨźǚǸ¦ǸĭǋǻĳǚǄ�

  é�ÑÉbȽstate machine diagramȾɆǿȦȺșǨǵǠǣ�ǑŘ
ǖǘǹǸé�ŹǩůćǨźǚǸȂȺȗǾȗǾǩ¦Ǹĭǋǻ
ĳǚǄ�

  ȲȼȎȈȼȎbȽuse case diagramȾɆ�ũǩøÏǻŭ�ǚǸ
ǞǲǩȿnűǩȂȺȗǾȗǾȽǚǧǺǟȿǽȆȒȼȾǨǵǸȌȎ
ȗȬǯǞǪ�ǩȂȺȗǾȗǾǩñǋǶǹ´ǨźǙǣÑĪ�ǻ
ĳǚǄ�
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SysML;*(0TMÆ¨�Ç�
  ȠȴȭșȵȕȆbȽparametric diagramȾɆȂȺȍȜǽȵȺȇĿ
ÆǻȊȩȼșǚǸǩǨñǋǶǹǸF=ma ǧǦǩ��)ǩ@
ĕǻĳǚǄ�

  ȤȸȕȆwĥbȽblock definition diagramȾǪȿȤȸȕȆǥX
ǫǹǸÍŨĺĖǥǜǹǶǩT�ȿǎǵǬ;ƋǻĳǚǄ�

  6űȤȸȕȆbȽinternal block diagramȾǪȿȤȸȕȆǩȠȼ
șŹǩú�¨ěǥǿȺȒȣȁȼȎǻĳǚȽUML ǩT�ÍŨ
bǩm»ȾǄ�

  ȠȕȈȼȍbȽpackage diagramȾɆȮȘȶĺĖǻWǱȠȕȈ
ȼȍǨźǙǣȮȘȶǩğ�ǻĳǚǄ�
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ÍŨ�

ĺØ�

¦Ǹĭǋ�

ȠȴȭșȵȕȆ 
@ĕ 
Ȼ±�ĳì 
ȻŬH´Ĉ� 
ǧǦǩ@ĕ 

SysMLǩȓǿǽȇȴȬǪȿ�ǋǨźũǙǣǋǸǩǤȿ 
ŅŁm»ǐǊǠǞhTǨǳǜǩ�Ƈǻ{¹Ǩ¡«ǤǑǸɀ�

ibd� act�

req�
par�
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SysML�$&MBSE�3J\@�

ȌȎȗȬ�ÎǩÙwǂƾǂ��ǩÝHǩO� 
 ȤȴȕȆȨȕȆȎǩȌȎȗȬĺØǩP�ǥ;Æ�

  ĺØđíȖȼȶǤǩ³¼ȦȼȎĺØǩê��

  SysMLȮȘȵȺȇȖȼȶǭǩĺØǩǿȺȩȼș�
  ȌȎȗȬǩȲȼȎȈȼȎǨźǚǸșȕȥȷȦȶǩÑĪǩèw�

  ȲȼȎȈȼȎǥĺØŹǩșȷȼȊȡȵȗǾǩê��

  ȲȼȎȈȼȎȌțȵȃǩxìɆǽȆȗǾȡȗǾbȿȌȼȈȺȎbȿé�ÑÉb�

  ȌȎȗȬȉȺȗȅȎșbǩC:�

  ȌȎȗȬÊŇǻȊȩȼșǚǸȌȎȗȬǩȗȎșȈȼȎǩèw�

 ĺØǻáǞǚȌȎȗȬǽȼȅȗȆȔȯ(ĶǩŸô�

  ȤȸȕȆwĥbǻñǋǞȌȎȗȬǩ;Ŀ�

  ǽȆȗǾȡȗǾbǯǞǪȌȼȈȺȎbǻñǋǞȠȼșŹǩú��ñǩwĥ�

  6űȤȸȕȆbǻñǋǞȠȼșŹǩú�¨ěǩwĥ�
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SysML�$&MBSE�3J\@Æ¨�Ç�
  �ÀǩǽȼȅȗȆȔȯǩň!ǥŰ¢ǩǞǲǩȂȺȍȜǽȵȺȇĿÆǥș
ȷȼȚȃȣ;Æǩxı�

  �Īȿ$Ɖ�ȿȉȎșȿǜǩ�ǩŲĺǧȥȸȠȗǾǩ;ÆǻȊȩȼșǚǸǞǲ
ǩȠȴȭșȵȕȆbǻñǋǞȌȎȗȬȥȸȠȗǾǩ@ĕǩê��

  ȌȎȗȬȥȸȠȗǾǩĐǻÙwǚǸǞǲǩȂȺȍȜǽȵȺȇĿÆǩxı 
 ȽŦ�ȿ>ǩȂȺȍȜǽȵȺȇĿÆȖȼȶǤıǺǹǸȾ�

  ȉȺȩȼȝȺșĺØǩļwǥȌȎȗȬĺØǨ}ǚǸȉȺȩȼȝȺșĺØ
ǩșȷȼȊȡȵȗǾǩļw�

  ǽȼȅȗȆȔȯǨǎǔǸȿSȉȺȩȼȝȺșȽȤȸȕȆȾǩǞǲǩÑĪĺØȿǿ
ȺȒȣȁȼȎĺØȿ�ĪĺØǩê��

  ȌȎȗȬĺØǭǩȉȺȩȼȝȺșĺØǩșȷȼȎ�

  ȌȎȗȬȷȦȶǤǩȗȎșȈȼȎǩxıƿȌȎȗȬŅŁǨźǚǸĺØ
ǩ0ŚǩÊŇ�
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SysML'�
�mea��

ÍŨ�

ĺØ�
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KMS] 
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2Z-WZ@?4*Z'd¾�&GW\MY\/�

ÍŨ�

ĺØ�
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SysML���b�
  ȂȷȦȼȒǩȌȎȗȬŸô 

  ȌȎȗȬǩÑĪǻŃŤǚǸȲȼȎȈȼȎ 
  ȌȼȈȺȎbǂƿǂÑĪĺØ;Æ 

  �šīHŝǩȴǿȓȼǽȌȎș@�ȌȎȗȬŅŁ 
  ȌȎȗȬǩ¦Ǹĭǋǩ¸āJ 

 ȴǿȓȼǩ¬ġǥǩú��ñ 
  ȌȼȈȺȎbǨǵǸÑĪ;Æ 
  ȲȼȎȈȼȎ;ÆǂƿǂȗȎșȈȼȎǩ¸āJ 
  ȌȎȗȬĿÆǩȌȫȱȷȼȌȳȺǨ�ĺǧÑĪȮȘȶǩ
¸āJ 
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,WI\:\�~�&´�ÆbÇ�

  ȂȷȦȼȒȼǪǃȡȶǩSžǏǶƻȉȼȶȽXǬȾƼǻQǔǸǖ
ǥǄȽ2DǨźǚǸĺØȾ 

 
  ȂȷȦȼȒȼǪǃ�wǘǹǸ
\Ǩ}ǙǣǃȂȷȦȼȒȼǻX
ǼǤǋǸǖǥǻĳăǚǸǖǥǄȽ:DǨźǚǸĺØȾ 

  ȂȷȦȼȒȼǪǃĜ�ȉȼȶǨ}ǙǣȡȶǨǊǸÏâƂŊǻ
?ñǚǸǖǥǄȽnűǿȺȒȣȁȼȎǨźǚǸĺØȾ�

The Engineering Design of 
Systems, - Models and Methods 
-, 2nd Edition, Dennis M. Buede, 
John Wiley & Sons, Inc. 
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ȂȷȦȼȒȉȺșȸȼȴǩÑĪ�

]½°k¼�z{li��

  �šīHŝǩu3ǧŗıǨǪȴǿȓȼǨǵǸŮ<ǧ¬�
ǐ�ĺɀ 

  Ċôöǧn�Ǩ}ǙǣȿȴǿȓȼǐýºǨÔāǨ�šī
Hŝǻ¬ġǤǑǸǥǪżǶǧǋɀ 

  ȴǿȓȼǩ¬ġǻǽȌȎșǚǸ´ÛǪǧǋǏɇ 
  ABS (Anti-lock Brake System) 
  TCS (Traction Control System) 
  … 
  ȠȹȼȎȗǽȵȺȇǩǵǌǨ 

 Aš¬ĮǻǽȌȎșǙǣǪǦǌǏɇ 
 FACS (Front-steering Assist Control 
 System) 
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i�|Å�

without control, 15 km/h� in control, 15 km/h�

ÊŇŉƍ: ¬ĮşǯǺǷǏǶǩǿȺȠȶȎșȶȆn�Ƚ10 NmȾǨ}ǚǸ�Ď�

Yutaka Kamata, Hidekazu Nishimura,ǂHidekuni IidaȿSystem Identification and Front-Wheel Steering 
Control of Motorcycle, Trans. of the JSME, Series C, Vol.69, No.688, pp.3191-3197, (2003)  
Yutaka Kamata, Hidekazu Nishimura, System Identification and Attitude Control of Motorcycle by 
Computer-Aided Dynamics Analysis, JSAE Review, Vol.24, No.4, pp.411-416, (2003)�
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Control System�
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FACS�

Ŝƅ�

ȴǿȓ�

¶sŝ��

ǿȺȒȣȁȼȎ�
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2nd order prediction model�
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2013 Mar. 6�



i�¦·¶¹c�ETN@U=/q�

2013 Mar. 6�Č3`KSS�ƙƞ 

n� 
¬ĮșȶȆ�

¬Į 
șȶȆ�

ȵȼȺ 
șȶȆ�

@�¬Į 
șȶȆ�

ȸȼȶȷȼș�

Ðm��

ȸȼȶľ�

@�¬Į 
șȶȆ�

Ðm��

>7@1\7�r��w�� ºÌ 
W\Z<+Z6��(57@i��

2013 Mar. 6�Č3`KSS�ƚƕ 

0 2 4 6 8 10
0

2

3.6
4

Time [s]L
at

er
al

 d
is

p
la

ce
m

en
t 

[m
]

�

�

0 1 2 4 6 8 10-30
-20
-10

0
10
20
30

Time [s]

R
o

ll
 a

n
g

le
 [

d
eg

]

�

�

Ðm�� ȸȼȶľ�

Ş'�

ɆÂäĠȴǿȓȼȽ@�ǊǷȾ 
ɆÂäĠȴǿȓȼȽ@�ǧǙȾ 
ɆäĠȴǿȓȼȽ@�ǧǙȾ�

ƄĞ�ȮȘȶȌȫȱȷȼȌȳȺ 
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ŝŧɆ60 km/h 
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ÂäĠȴǿȓȼǩĶ.H�Ǫ1.0 sɉ 
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  ȌȎȗȬȏȂȺȍȜǽȵȺȇǩȥȸȐȎǻDual VeeȮȘȶǤă
ǙǞɀǜǙǣȿȮȘȶȦȼȎȌȎȗȬȏȂȺȍȜǽȵȺȇȽMBSE
)ǩ�ǡǩĳŃÛǥǙǣȿÍŨɁ¦ǸĭǋɁĺØɁȠȴȭșȵ
ȕȆ@ĕǻĳǚǖǥǐǤǑǸSysMLǻĘ�ǙǞɀ 

  ȂȷȦȼȒŸôǩ��ǤǪȌȼȈȺȎbǏǶÑĪĺØǩ�
:ǻıǌ´ÛǻăǙǞǄ 

  �šīHŝǩȴǿȓȼǽȌȎș@�ȌȎȗȬŅŁǻPǷ�Ǖ
ȿÑĪĺØǩ¸āJǃȌȎȗȬǩ¦Ǹĭǋǩ¡«ȿǽȼȅȗ
ȆȔȯǩÊł�ƈǻăǙǞɀǖǹǶǩ�ƈǩ	ǏǶȿ�Îǻ
ÙwǚǸǞǲǩȌȎȗȬĿÆǨ�ĺǧDtȮȘȶǩÊłǻ
ıǍǸǖǥǻăǙǞɀȲȼȎȈȼȎ;ÆǤȿȗȎșȈȼȎǩÊ
łǻıǍǸǖǥǨÜ�ǘǹǞǋɀ 
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  Systems Engineering Handbook Ver.3.2, INCOSE, 2010 
  Visualizing Project Management, Third Edition 

  Kevin Forsberg, Hal Mooz, Howard Cotterman, John Wiley & Sons, Inc. 
  A Practical Guide to SysML 

  Sanford Friedenthal, Alan Moore, and Rick Steiner, The Morgan 
Kauffman OMG Press 

  ȌȎȗȬȏȮȘȵȺȇŀōƏSysMLȽA Practical Guide to SysMLǩħņÃȾ 
  ĹÅƏąZȽ÷ņȾȿõe�Eȿ��ŠüȿŶœ�g�ȿ	�ĵïȿĦ��ȿ 
  ��	������ȿôl·Ɇ2012�5¾10· 

  The Engineering Design of Systems, - Models and Methods -, 2nd Edition 
  Dennis M. Buede, John Wiley & Sons, Inc. 

  ĹÅąZȿȮȘȶǮȼȏȌȎȗȬȏȂȺȍȜǽȵȺȇǥSysMLǭǩÁ�ȿŅŁ
�tȿ·ÃŅŁ�t�ȿVol.46, No.5, pp.241-246, (2011) 
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  Kenichi Seki, Hidekazu Nishimura, Kosuke Ishii, Laurent Balmelli, Thermal/

Acoustic Trade-off Design for Consumer Electronics in A Distributed Design 
Environment, Proceedings of The 19th Annual International Symposium of 
INCOSE, (2009), 0723.pdf.�

  źĀ�ǃĹÅąZǃo|Þ�ǃcſ;°ŅŁîj�ǤǩMŏŅŁ�ÛǩĀĉƏ
ƓhǻȮȍȱȼȶǥǙǣPǷ ǌ×ïÑ_®åƃƆŅŁƓǃ·ÃÑÉt�ŅŁ
�tȻȌȎȗȬűŷƣƭƶưƯƲȌȺȩȍȀȬƗƕƖƕƒƏƐƗƕƖƕƑƒƏƬƶƶƖƕƓƕƖƕƗƔƴƬƮƔ�

  Kenichi Seki, Hidekazu Nishimura, Shaopeng Zhu, Laurent Balmelli, A 
Parametric Design Framework to Support Structural and Functional 
Modeling of Complex Consumer Electronics Products, International 
Conference on Engineering Design 2011 

  Kenichi Seki, Hidekazu Nishimura, A module-based thermal design approach 
for distributed product development, Research in Engineering Design,ǂDOI: 
10.1007/s00163-011-0113-x 

  źƏĀ�, ĹÅƏąZ, ÄƏĘƎ, Laurent Balmelli, ×ïÑ_ŸôǨǎǔǸÑĪȻ
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