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3 Main categories of systemic problems

Modeling problems

.PEFM�BOE�SFBMJUZ�EP�OPU�NBUDI

*OJUJBM�DIPJDF�JO�EFTJHO�QIBTF�XJUI�MBUF�VOFYQFDUFE

DPOTFRVFODFT

Problem type: the system design is based on a model which

does not match with reality

Problem type: the impact of a wrong desing choice appears late

in a system life-cycle



3 Main categories of systemic problems

Integration problems

5IF�SPCVTUOFTT�PG�B�TZTUFN�JT�EFTUSPZFE�CZ

B��EPNJOP�FGGFDU�

5IF�TZTUFN�IBT�VOEFTJSBCMF�FNFSHFOU�QSPQFSUJFT

Problem type: a local problem spreads step by step and has

global consequences

Problem type: an integrated system has unexpected or undesired

emerging properties



3 Main categories of systemic problems

Project problems

5IF�QSPKFDU�TZTUFN�IBT�JOUFHSBUJPO�JTTVFT

5IF�NJTTJPO�PG�UIF�QSPEVDU�JT�EJWFSUFE�CZ�UIF�QSPKFDU�TZTUFN

Problem type: the engineering of the system is not done in a

collaborative way

Problem type: the project forgets the mission of the product and

"indulges" itself







System design is traditionally a

CPUUPN�VQ process that starts with

technology and possibly people ...

Key principle
Evolving from a technology-oriented or bottom-up approach...

... and ends with customers, IPQFGVMMZ

TBUJTGJFE�by the system that we are

proposing them

... which have certain functional

behaviors ...

Mission

SOFTWARE

8F�UFMM�PVS�DVTUPNFST�XIZ

PVS�TZTUFNT�BSF�BOTXFSJOH

UIFJS�OFFET

Function

Function Function

Function Function Function

2

HARDWARE 4

3 PEOPLE

$PNQPOFOUT�BSF$PNQPOFOUT�BSF

VTVBMMZ�UIF�TUBSUJOHVTVBMMZ�UIF�TUBSUJOH

QPJOUQPJOU
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... and ends with the

concrete resources

that�FGGJDUJWFMZ

BOTXFS�UIFJS�OFFET

In a MBSE approach, product

design is rather a�UPQ�EPXO

process that starts with

stakeholders ...

... continues by defining

the functions that the

system shall offer to

answer their needs

Key principle
... To a customer-focused and top-down system strategy

4UBLFIPMEFST�BOE

OFFET�BSF�UIF

TUBSUJOH�QPJOU

Mission

SOFTWARE

Which services are to beWhich services are to be

provided to theprovided to the

stakeholders of thestakeholders of the

system?system?

Function

Function Function

Function Function Function

2

HARDWARE 4

3 PEOPLE

Which functionsWhich functions

are to beare to be

provided by theprovided by the

system?system?

1



0QFSBUJPOBM0QFSBUJPOBM

7JTJPO7JTJPO

(Why?)(Why?)

'VODUJPOBM'VODUJPOBM

7JTJPO7JTJPO

(What?)(What?)

$POTUSVDUJPOBM$POTUSVDUJPOBM

7JTJPO7JTJPO

(How?)(How?)

Which concreteWhich concrete

resources formresources form

the system?the system?
SOFTWAREHARDWARE 4

PEOPLE





Systems Architecture framework

"SDIJUFDUVSBM�WJFX�QZSBNJE

Mission

SOFTWARE

1

Which services are to beWhich services are to be

provided to theprovided to the

environment?environment?

Function

Function

Function Function

HARDWARE

Humanware

Which functions are toWhich functions are to

be provided?be provided?
2
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0QFSBUJPOBM�7JFX0QFSBUJPOBM�7JFX

(Why?)(Why?)

'VODUJPOBM�7JFX'VODUJPOBM�7JFX

(What?)(What?)

$POTUSVDUJPOBM$POTUSVDUJPOBM

7JFX7JFX

(How?)(How?)

Which concrete resourcesWhich concrete resources

is the system made of?is the system made of?

System outside

4ZTUFN�#PVOEBSZ

System inside

Technical components











is not necessarily a person,
affects or is affected by the system (directly or indirectly),
may come or not into contact with the system,
has needs or imposes constraints relatively to the system

An FYUFSOBM�TZTUFN is an FYUFSOBM�CPEZ�UIBU�JOGMVFODFT�PS

JOUFSBDUT�XJUI�UIF�DPOTJEFSFE�TZTUFN.



An external system: 

"�TUBLFIPMEFS�JT�B�QFSTPO�XIP�SFQSFTFOUT�BO�&YUFSOBM�4ZTUFN�

Electronic 

toothbrush

Conformity assessment body

Toothpaste

Dentist

Bathroom

User



(FOFSBUF�B�MJTU�XJUI�BMM

QPTTJCMF�TUBLFIPMEFST�

Step 1

45",&)0-%&3�"/"-:4*4�°�130$&44�

Maximal systemic perimeter

*EFOUJGZ�TUBLFIPMEFST

Step 2

List of stakeholders

(non relevant stakeholders removed)

0SHBOJ[F�BOE�HSPVQ�

Step 3

Stakeholder hierarchy



4ZOUIFTJ[F�BOE�EFTDSJCF�

FYUFSOBM�GMPXT

Step 4

45",&)0-%&3�"/"-:4*4�°�130$&44�

Environment diagram

4QFDJGZ�FYUFSOBM

JOUFSGBDFT�

Step 5

External interface specifications

Stakeholder analysis is the process that constructs the knowledge of the

stakeholders and the environment of a system.



NEEDS ANALYSIS 
Definition, Process

& Deliverables 

Express in an unambiguous, measurable and testable way the expectations of all

external systems and characterize their expected level of performance. 

Needs are like a contract performance with all stakeholders for the system of

interest.

1VSQPTF�



Electronic 

toothbrush

A stakeholder: the

QMBDFT�PG�VTF

1MBDFT�PG�VTF

IBWF�B�IJHI

IVNJEJUZ�SBUF

A stakeholder: 

UIF�UPPUIQBTUF

5IF�UPPUIQBTUF

SFTQFDUT�UIF

&VSPQFBO

IFBMUIDBSF

QPMJDZ

5IF�FOE�VTFS

FYQFDUT�B�IBOEZ

UPPM�UP�CSVTI�IJT

UFFUI

A stakeholder:

UIF�FOE�VTFS

%FOUJTUT�XBOU�UP

JNQSPWF�UIF�EFOUBM

IZHJFOF�PG�UIFJS

QBUJFOUT

A stakeholder:

UIF�EFOUJTU

A OFFE�relative to a TZTUFN�is a GFBUVSF
�FYQFDUFE or JNQPTFE�by�POF�PS

NPSF�TUBLFIPMEFST of its environment that has an impact on the system of

interest and that is necessary to respect to be accepted by the stakeholders.



7KH�NH\�GHOLYHUDEOH�RI�WKH�OFFET�BOBMZTJT�SURFHVV�LV�WKH�OFFE

CSFBLEPXO�

1HHG�EUHDNGRZQ






6WHS��

*EFOUJGZ�´SBXµ�OFFET

DBQUVSF�NFUIPET

6WHS��

$BQUVSF�FMFNFOUBSZ

OFFET

/&&%4�"/"-:4*4�°�130$&44�

(QYLURQPHQW�GLDJUDP

�5DZ��QHHGV�FDSWXUH�PHWKRGV

)RUPDOL]HG�HOHPHQWDU\�QHHGV



6WHS��

7FSJGZ�DPIFSFODF�PG

OFFET�CSFBLEPXO

1HHGV�EUHDNGRZQ




6WHS��

$MBTTJGZ�OFFET�JOUP

IPNPHFOFPVT�TVCTFUT

/&&%4�"/"-:4*4�°�130$&44�

+RPRJHQHRXV�VHWV�RI�QHHGV





$� MJGFDZDMF� QIBTF� RI� D� V\VWHP� LV� D� IPNPHFOFPVT� QFSJPE� PG� UJNF� IURP� WKH

SHUVSHFWLYH� RI� WKH� VWDNHKROGHUV� RI� WKH� V\VWHP�� ,WV� MJGFDZDMF� PRGHOV� WKH

TVDDFTTJPO� PG� BMM� MJGFDZDMF� QIBTFT� DQG� WKH� USBOTJUJPOT� EHWZHHQ� OLIHF\FOH

SKDVHV�DPRQJ�WLPH��IURP�ELUWK�WR�GHDWK�RI�WKH�V\VWHP�

7KLV�LV�D�OLIHF\FOH�SKDVH��WKDW

LV�WR�VD\�D�SHULRG�RI�WLPH

�GXUDWLRQ�!����GXULQJ�ZKLFK

WKH�V\VWHP�HQYLURQPHQW�KDV

VRPH�VWDELOLW\

7KLV�LV�D�WUDQVLWLRQ��WKDW�LV�WR�VD\

DQ�HYHQW��GXUDWLRQ� ����WKDW

PDNHV�VZLWFK�IURP�RQH�OLIHF\FOH

SKDVH�WR�DQRWKHU��DQG�PDUNV�D

PDMRU�FKDQJH�LQ�WKH�V\VWHP

HQYLURQPHQW

$�OLIHF\FOH�SKDVH�FDQ�FRQWDLQ

VHYHUDO�VXE�SKDVHV

-*'&$:$-&�"/"-:4*4�°�%&'*/*5*0/

>PDLQWHQDQFH�HYHQW@



-*'&$:$-&�"/"-:4*4�°�%&-*7&3"#-&�

>8QUHSDLUDEOH

IDLOXUH@

>3XUFKDVH@

5IF�LFZ�EFMJWFSBCMF�PG�UIF�MJGFDZDMF�BOBMZTJT�QSPDFTT�JT�UIF�MJGFDZDMF�EJBHSBN�






6WHS��

*EFOUJGZ�

�MJGFDZDMF�QIBTFT

6WHS��

0SHBOJ[F�

�MJGFDZDMF�QIBTFT




2UJDQL]HG�OLIHF\FOH�SKDVHV




-*'&$:$-&�"/"-:4*4�°�130$&44

1HHG�EUHDNGRZQ

)ODW�OLVW�RI�OLIHF\FOH�SKDVHV



6WHS��

"MJHO�XJUI�OFFE�BOE

TUBLFIPMEFS�BOBMZTFT




-*'&$:$-&�"/"-:4*4�°�130$&44

$OLJQHG�QHHG�DQG

VWDNHKROGHU�DQDO\VHV







6WHS��

*EFOUJGZ�

�USBOTJUJPOT



/LIHF\FOH�GLDJUDP





,&:�$0/$&154

$� VTF� DBTF� GHVFULEHV� DQ� DFWLRQ� WKDW� FDQ� EH

SHUIRUPHG� E\� RQH� RU� VHYHUDO� VWDNHKROGHUV� ZKHQ

XVLQJ�WKH�V\VWHP�

$� XVH� FDVH� FDQ� EH� GHVFULEHG

WKURXJK� DQ� PQFSBUJPOBM

TDFOBSJP� ZKLFK� VSHFLILHV� �

XVLQJ� D� VHTXHQFH� GLDJUDP� �

WKH� VHTXHQFH�RI�DFWLYLWLHV�DQG

WKH� H[WHUQDO� H[FKDQJHV� WKDW

WDNH�SODFH�EHWZHHQ�WKH�V\VWHP

RI� LQWHUHVW��FRQVLGHUHG�KHUH�DV

D� EODFN� ER[�� DQG� WKH

VWDNHKROGHUV� GXULQJ� WKH

FRQVLGHUHG�XVH�FDVH�



%&-*7&3"#-&4

7KH�ILUVW�NH\�GHOLYHUDEOH�RI�WKH�XVH�FDVH

DQDO\VLV�SURFHVV�LV�WKH�PQFSBUJPOBM

CSFBLEPXO�TUSVDUVSF�RI�WKH�V\VWHP�RI

LQWHUHVW�ZKHUH�DOO�LWV�XVH�FDVHV�DUH

FODVVLILHG�DFFRUGLQJ�WR�LWV�OLIHF\FOH

SKDVHV�

7KH�VHFRQG�NH\�GHOLYHUDEOHV�RI�WKH�XVH

FDVH�DQDO\VLV�SURFHVV�DUH�WKH

PQFSBUJPOBM�TDFOBSJPT�ZKLFK�DUH

DVVRFLDWHG�ZLWK�HDFK�XVH�FDVH�RI�WKH

V\VWHP�RI�LQWHUHVW�DV�OLVWHG�LQ�WKH

RSHUDWLRQDO�EUHDNGRZQ�VWUXFWXUH�






6WHS��

*EFOUJGZ�BMM�QPTTJCMF�

VTF�DBTFT

6WHS��

$MBTTJGZ�VTF�DBTFT

130$&44

/LIHF\FOH

2SHUDWLRQDO�EUHDNGRZQ�VWUXFWXUH�

8VH�FDVHV



6WHS��

"MJHO�XJUI�TUBLFIPMEFS

BOE�OFFET�BOBMZTFT�

130$&44

$OLJQHG�QHHG�DQG

VWDNHKROGHU�DQDO\VHV







6WHS��

�%FGJOF�PQFSBUJPOBM

TDFOBSJPT�



2SHUDWLRQDO�VFHQDULRV





%&-*7&3"#-&4

)XQFWLRQDO�%UHDNGRZQ�6WUXFWXUH

7KH�GVODUJPOBM�CSFBLEPXO�TUSVDUVSF�RI�D�V\VWHP�LV�D�WUHH�OLNH�GLDJUDP�WKDW

UHSUHVHQWV�WKH�EUHDNGRZQ�VWUXFWXUH�RI�WKH�IXQFWLRQV�RI�WKH�V\VWHP�



%&-*7&3"#-&4

)XQFWLRQDO�,QWHUDFWLRQ�'LDJUDP

7KH�GVODUJPOBM�JOUFSBDUJPO�EJBHSBN�UHSUHVHQWV�WKH�GVODUJPOT�RI�D�V\VWHP

DQG�WKH�GVODUJPOBM�GMPXT�H[FKDQJHG�EHWZHHQ�WKH�V\VWHP�IXQFWLRQV�DQG�ZLWK

WKH�VWDNHKROGHUV�






6WHS��

*EFOUJGZ�

GVODUJPOT

6WHS��

*EFOUJGZ

�MPX�MFWFM�GVODUJPOT

(QYLURQPHQW�GLDJUDP
8VH�FDVHV 2SHUDWLRQDO

VFHQDULRV

6\VWHP�OHYHO�IXQFWLRQV

/RZ�OHYHO�IXQFWLRQV

130$&44



6WHS��

"OBMZTF�GVODUJPOBM

TDFOBSJPT

6WHS��

%FTDSJCF�JOUFSBDUJPOT

CFUXFFO�GVODUJPOT

)XQFWLRQDO�VFHQDULRV




6WHS��

0SHBOJ[F�

'VODUJPOT�IJFSBSDIJDBMMZ

)XQFWLRQDO�EUHDNGRZQ�VWUXFWXUH

)XQFWLRQDO�LQWHUDFWLRQV

130$&44





$�GVODUJPOBM�NPEF�RI�D�V\VWHP�LV�D�GVODUJPOBMMZ�DPIFSFOU�QFSJPE�PG

MJGF�RI�WKH�V\VWHP��L�H��D�SHULRG�RI�WLPH�ZKLFK�LV�FKDUDFWHUL]HG�LQ�DQ

XQDPELJXRXV�ZD\�E\�WKH�VHW�RI�IXQFWLRQV�WKDW�WKH�V\VWHP�LV�XVLQJ�GXULQJ�LW�

,&:�$0/$&154



*EFOUJGZ�TUBCMF

GVODUJPOOBM�CFIBWJPVST

6WHS��

)XQFWLRQDO�PRGHV

3FGJOF�BOE�JEFOUJGZ

USBOTJUJPOT�

6WHS��

)XQFWLRQDO�PRGHV�DQG�WUDQVLWLRQV

"MJHO�XJUI�MJGFDZDMF

QIBTFT

6WHS��

)XQFWLRQDO�PRGH�GLDJUDP

130$&44









130$&44




6WHS��

%FSJWF�OFFET�JOUP

GVODUJPOBM�SFRVJSFNFOUT




6WHS��

%FSJWF�MPX�MFWFM�

GVODUJPOBM�SFRVJSFNFOUT

1HHGV�EUHDNGRZQ

/RZHU�OHYHO

�IXQFWLRQDO�UHTXLUHPHQWV

6\VWHP�OHYHO

�IXQFWLRQDO�UHTXLUHPHQWV







#BTF
)FBE

#PEZ

&RPSRQHQWV�UHIHU�WR�WKH�QDWXUH�RI�WKH�FRQVLGHUHG�SDUW�RI�WKH�V\VWHP

$�FRPSRQHQW�FDQ�LWVHOI�EH�FRQVLGHUHG�DV�D�V\VWHP�

$�DPNQPOFOU�LV�D�FRQFUHWH�EXLOGLQJ�EORFN�RI�WKH�V\VWHP

,&:�$0/$&154

7KHVH�DUH�VRPH�FRPSRQHQWV�RI�WKH�HOHFWURQLF�WRRWKEUXVK



%&-*7&3"#-&4

7KH�1SPEVDU�CSFBLEPXO�TUSVDUVSF�RI�D�V\VWHP�LV�D�WUHH�OLNH�GLDJUDP�WKDW

UHSUHVHQWV�WKH�EUHDNGRZQ�VWUXFWXUH�RI�V\VWHP�DQG�LWV�FRPSRQHQWV�

1SPEVDU�CSFBLEPXO�TUSVDUVSF



%&-*7&3"#-&4

7KH�$POTUSVDUJPOBM�JOUFSBDUJPOT�EJBHSBN�UHSUHVHQWV�WKH�FRPSRQHQWV�RI�D

V\VWHP�DQG�WKH�FRQFUHWH�IORZV�H[FKDQJHG�EHWZHHQ�WKHVH�FRPSRQHQWV�DQG

ZLWK�WKH�HQYLURQPHQW�

$POTUSVDUJPOBM�JOUFSBDUJPOT�EJBHSBN






6WHS��

*EFOUJGZ�

DPNQPOFOUT

130$&44

6WHS��

%FGJOF�DPOTUSVDUJPOBM

CSFBLEPXO

'VODUJPOBM

BSDIJUFDUVSF

'VODUJPOBM�

BMMPDBUJPO

$POTUSVDUJPOBM

�CSFBLEPXO



6WHS��

4QFDJGZ�DPOTUSVDUJPOBM

JOUFSGBDFT�

6WHS��

"MJHO�PQFSBUJPOBM�BOE

GVODUJPOBM�BSDIJUFDUVSFT

130$&44




6WHS��

%FGJOF�DPOTUSVDUJPOBM

JOUFSBDUJPOT

$POTUSVDUJPOBM��JOUFSBDUJPOT

�EJBHSBN




$POTUSVDUJPOBM

�JOUFSGBDFT

$POTUSVDUJPOBM

BSDIJUFDUVSF












130$&44




6WHS��

%FSJWF�OFFET�BOE�GVODUJPOBM

SFRVJSFNFOUT�JOUP�DPOTUSVDUJPOBM

SFRVJSFNFOUT




6WHS��

%FSJWF�MPX�MFWFM�

DPOTUSVDUJPOBM�SFRVJSFNFOUT

1HHGV�EUHDNGRZQ

/RZHU�OHYHO

�FRQVWUXFWLRQDO�UHTXLUHPHQWV

6\VWHP�OHYHO

�FRQVWUXFWLRQDO�UHTXLUHPHQWV

)XQFWLRQDO�UHTXLUHPHQW�EUHDNGRZQ

















6WHS��

*EFOUJGZ�UIF�BDUPST�UP

JOWPMWF�JO�UIF�USBEF�PGG

QSPDFTT

6WHS��

*EFOUJGZ���TIBSF�UIF�JUFNT�UP

FWBMVBUF

130$&44

1HHGV�DQG�DUFKLWHFWXUHV

6HW�RI�DFWRUV�WR�EH�LQYROYHG�LQ

WKH�GHFLVLRQ�SURFHVV

6HW�RI�DUFKLWHFWXUHV�RU

QHHGV�WR�EH�SULRULWL]HG












