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ABSTRACT

3URIHVVRUV� DOO� DFURVV� WKH�ZRUOG� DUH� VWULYLQJ� WR� GHYHORS� QHZ
DQG� LQQRYDWLYH� WHDFKLQJ�PHWKRGV��0,7�0HFKDQLFDO� (QJLQHHULQJ
3URIHVVRU� 'DYLG� 6�� &RFKUDQ� KDV� GHYHORSHG� D� FRXUVH� WR� WHDFK
SURGXFWLRQ�V\VWHP�GHVLJQ�E\�H[SRVLQJ�VWXGHQWV�WR� UHDO�SUREOHPV
LQ� UHDO�ZRUOG� IDFWRULHV�� 7KURXJK� SDUWQHUVKLSV� ZLWK� ORFDO
PDQXIDFWXULQJ� FRPSDQLHV�� VWXGHQWV� OHDUQ� KRZ� WR� VROYH� UHDO
IDFWRU\�V\VWHP�GHVLJQ�SUREOHPV��6WXGHQWV�EHQHILW�E\�OHDUQLQJ��DQG
WKH�SDUWLFLSDWLQJ�FRPSDQLHV�EHQHILW�IURP�WKHLU�LGHDV��$�VLJQLILFDQW
FKDOOHQJH�IRU�WKH�VWXGHQWV�LV�GHILQLQJ�WKH�FRPSDQ\·V�SUREOHP�DQG
WKH� FRUUHVSRQGLQJ� VROXWLRQ�� $[LRPDWLF� 'HVLJQ� LV� XVHG� E\� WKH
VWXGHQWV�WR�JXLGH�WKHLU�WKLQNLQJ�DQG�WKH�IDFWRU\�V\VWHP�UH�GHVLJQ
SURFHVV��%\�VWXG\LQJ�VRPH�RI �WKH�SURMHFWV�WKDW�KDYH�EHHQ�GLUHFWO\
LPSOHPHQWHG�E\�WKH�FRPSDQLHV��ZH�ZLOO�EH�DEOH�WR�FRQFOXGH�WKDW
WKLV� LQQRYDWLYH� WHDFKLQJ� DQG� IDFWRU\�V\VWHP�GHVLJQ�PHWKRG� LV� DQ
HIIHFWLYH� ZD\� WR� WHDFK� SURGXFWLRQ� DQG� PDQXIDFWXULQJ� V\VWHP
GHVLJQ�

.H\ZRUGV�� PDQXIDFWXULQJ� V\VWHP� GHVLJQ�� D[LRPDWLF� GHVLJQ�
WHDFKLQJ��SUREOHP�VROYLQJ�SURFHVV�

1 INTRODUCTION

&HUWDLQ�FODVVHV� LQ�FROOHJH�VXFK�DV�FDOFXOXV�RU�HFRQRPLFV�DUH
EHVW� WDXJKW� LQ� WKH� WUDGLWLRQDO� ZD\� ²� OHFWXUHV� ZLWK� FKDON� DQG
FKDONERDUG��+RZHYHU��ZKDW�DERXW�WKRVH�FODVVHV�WKDW�WHDFK�WKH�ZD\
IDFWRULHV�ZRUN��WKH�SUREOHPV�WKH\�IDFH��DQG�WKH�UDWLRQDO�VROXWLRQV
WR�WKRVH�SUREOHPV"�,V�LW�VLPSO\�HQRXJK�WR�WHDFK�WKH�WKHRULHV�DQG
HTXDWLRQV�EDVHG�RQ�D�ILFWLWLRXV�PDQXIDFWXULQJ�SODQWV"�,Q�SUHYLRXV
DWWHPSWV�WR�WHDFK�WKHVH�VXEMHFWV�� VWXGHQWV� OHDUQ�KRZ� WR�FDOFXODWH
F\FOH� WLPH� RU� WDNW� WLPH�� DQG� KRZ� WR� WKHRUHWLFDOO\� PD[LPL]H� WKH
HIILFLHQF\� RI � SURGXFWLRQ�� EXW� WKH� UHVXOWV� DUH� DOO� EDVHG� RQ
IDEULFDWHG�VLWXDWLRQV�

3URIHVVRU� 'DYLG� &RFKUDQ�� WKH� GHYHORSHU� RI � WKH
0DQXIDFWXULQJ� 6\VWHP� 'HVLJQ� DQG� &RQWURO� FODVV� DW� WKH
0DVVDFKXVHWWV� ,QVWLWXWH� RI � 7HFKQRORJ\�� EHOLHYHV� WKDW� WKLV� LV� QRW
WKH�EHVW�ZD\� WR� WHDFK� WKH�PDWHULDO��+H�KDV�GHVLJQHG�KLV� FODVV� VR
WKDW� VWXGHQWV� FRXOG� OHDUQ� PRUH� DERXW� UHDO� PDQXIDFWXULQJ� E\
ZRUNLQJ�LQ�WKH�UHDO�IDFWRU\��7KH�IRFXV�RI �WKH�FODVV��,QWURGXFWLRQ
WR� 0DQXIDFWXULQJ� 6\VWHP� 'HVLJQ� �������������� LV� VHW� WR
LPSOHPHQWLQJ� OHDQ� PDQXIDFWXULQJ� SULQFLSOHV� LQWR� UHDO� ZRUOG
IDFWRULHV��6WXGHQWV�JDLQ� LQYDOXDEOH�NQRZOHGJH�DQG�H[SHULHQFH�RQ
/HDQ�0DQXIDFWXULQJ�E\�SDUWLFLSDWLQJ� LQ�UHDO�SURMHFWV�WKURXJK�WKH

UHODWLRQVKLSV� 3URI�� &RFKUDQ� KDV� GHYHORSHG� ZLWK� ORFDO� %RVWRQ
PDQXIDFWXULQJ� FRPSDQLHV� VXFK� DV� 8QLWHG� (OHFWULF� &RQWUROV
&RUS���7XWKLOO��&	.��0LGGOHWRQ�$HURVSDFH��DQG�.LQQH\�9DFXXP�

6WXGHQWV� DUH� DOORZHG� WR� FKRRVH� RQH� FRPSDQ\� DQG� RQH
SURMHFW� WKDW� WKH\�ZLOO�ZRUN�RQ� WKURXJKRXW� WKH� WHUP��&RPSDQLHV
LQ� YDULRXV� LQGXVWULHV� SDUWLFLSDWH� LQ� WKH� FODVV� DQG� WKH� SURGXFWV
PDQXIDFWXUHG� E\� WKH� SDUWLFLSDWLQJ� FRPSDQLHV� LQFOXGH� SXPSV�
VZLWFKHV�� FRPSRQHQWV� IRU� DLUFUDIW�� DQG� VHQVRUV�� 7KH� SURMHFWV
LQFOXGH� WKH� GHVLJQ� RI � PDQXIDFWXULQJ� FHOOV�� VHWXS� UHGXFWLRQ�
PDFKLQH� GHVLJQ� IRU�PDQXIDFWXULQJ� IOH[LELOLW\�� DQG� WKH� GHVLJQ� RI
IDFWRU\� LQIRUPDWLRQ� V\VWHPV�� 7KURXJKRXW� WKH� WHUP�� VWXGHQWV
DSSO\�ZKDW�WKH\�OHDUQ�IURP�WKH�FODVV�WR�FUHDWH�WKHLU�RZQ�VROXWLRQV
WR�WKH�UHDO�SUREOHPV�RI �WKH�VSRQVRULQJ�FRPSDQ\�

7KH� SURMHFWV� SURYLGH� D�PXWXDOO\� EHQHILFLDO� RSSRUWXQLW\� IRU
ERWK� WKH� VWXGHQWV� DQG� WKH� SDUWLFLSDWLQJ� FRPSDQLHV�� 7KH
FRPSDQLHV�EHQHILW� IURP� WKH� VWXGHQWV·� LGHDV� DQG� SHUVSHFWLYHV� RQ
WKH� YDULRXV� PDQXIDFWXULQJ� FKDOOHQJHV� WKH\� DUH� H[SRVHG� WR�
6WXGHQWV� JHW� D� FKDQFH� WR� IDFH� UHDO�PDQXIDFWXULQJ� SUREOHPV� DQG
VROYH�WKHP�ZLWK�WKHLU�NQRZOHGJH��VR�WKDW�WKH\�FDQ�JDLQ�LQYDOXDEOH
H[SHULHQFH�LQ�LQGXVWU\�

2 THE FACTORY AS THE LABORATORY

0DQXIDFWXULQJ� LV�GLYHUVH�DQG� LQYROYHV�DWWHPSWLQJ�WR�DFKLHYH
PXOWLSOH� REMHFWLYHV� VLPXOWDQHRXVO\� ZLWKLQ� V\VWHPV� WKDW� UHTXLUH
KXPDQ� GHFLVLRQ�PDNLQJ�� 7KHUHIRUH�� LW� LV� GLIILFXOW� WR� FRQYH\� WKH
FRPSOH[LW\� WKDW� H[LVWV� ZLWKLQ� PDQXIDFWXULQJ� V\VWHPV� LQ� WKH
FODVVURRP� DORQH�� )RU� WKDW� UHDVRQ�� 3URIHVVRU� &RFKUDQ� KDV
HVWDEOLVKHG� SDUWQHUVKLSV� ZLWK� ORFDO� %RVWRQ� PDQXIDFWXULQJ
FRPSDQLHV�� 7KH� JRDO� RI � WKDW� SDUWQHUVKLS� LV� D� ZLQ�ZLQ� IRU� ERWK
WKH�VWXGHQWV�DQG�WKH�FRPSDQ\�VSRQVRUV��7KH�FRPSDQ\�VSRQVRU�LV
DEOH� WR� UHDS� WKH�EHQHILW�RI � WKH� VWXGHQWV·�ZRUN� LQ�PDQXIDFWXULQJ
SUREOHP�VROYLQJ��7KH� VWXGHQWV�JDLQ� WKH�EHQHILW�RI � OHDUQLQJ�KRZ
WR� VROYH� D� UHDO� PDQXIDFWXULQJ� SUREOHP�� 7KHUHIRUH�� WKH\� PXVW
OHDUQ�KRZ�WR�GHILQH�DQG�VROYH�D�SUREOHP�LQ�D�PHDQLQJIXO�ZD\�WR
DFKLHYH� WKH� GHVLUHG� UHVXOW� LQ� D� OLPLWHG� SHULRG� RI � WLPH�� 7KH
VWXGHQWV� ZRUN� ZLWK� GLIIHUHQW� SHRSOH� ZLWKLQ� WKH� FRPSDQ\� IURP
WKH�YLFH�SUHVLGHQW�OHYHO�WR�WKH�RSHUDWRUV�OHYHO��7KH\�JDLQ� LQVLJKWV
WKDW� PDQ\� SHRSOH� ZKR� ZRUN� ZLWKLQ� WKH� FRPSDQ\� GR� QRW� KDYH�
7KH�VWXGHQWV�DOVR�JDLQ�NQRZOHGJH�IURP�PDQ\�GLIIHUHQW� DUHDV�RI
WKH� FRPSDQ\� LQFOXGLQJ� PDQXIDFWXULQJ� HQJLQHHULQJ�� SURGXFW
GHVLJQ�� ILQDQFH�� PDWHULDO� VXSSO\�� VDOHV� DQG� PDUNHWLQJ�� DQG� HYHQ
WKH� FRPSDQ\� XQLRQ� UHSUHVHQWDWLYHV�� %HFDXVH� RI � WKHLU� H[SRVXUH�

TEACHING PRODUCTION SYSTEM DESIGN WITH THE AXIOMATIC DESIGN
METHODOLOGY
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WKH� VWXGHQWV� OHDUQ� WKDW� VROYLQJ�PDQXIDFWXULQJ� V\VWHPV� SUREOHPV
UHTXLUHV� QRW� RQO\� WHFKQLFDO� NQRZOHGJH� EXW� DOVR� LQWHU�SHUVRQDO
NQRZOHGJH�DQG�VNLOOV�

3 CLASS ORGANIZATION

,Q�WKH�YHU\�HDUO\�SDUW�RI �WKH�FRXUVH�� WKH�9LFH�3UHVLGHQWV�RI
VSRQVRULQJ�FRPSDQLHV�YLVLW�0,7�DQG�JLYH�SUHVHQWDWLRQV�UHJDUGLQJ
WKHLU�FRPSDQ\�DQG�SURYLGH�DQ�RYHUYLHZ�RI �WKH�SURSRVHG�SURMHFWV
WR� HVWDEOLVK� WKH� LPSRUWDQFH� RI � WKH� SURSRVHG� SURMHFWV�� ,W� LV� YHU\
LPSRUWDQW�WR�FRRSHUDWH�ZLWK�VSRQVRULQJ�FRPSDQLHV�LQ�WKLV�FRXUVH�
$IWHU� KDYLQJ� EDFNJURXQG� LQIRUPDWLRQ� RQ� WKH� VSRQVRULQJ
FRPSDQLHV� DQG� WKH� SURSRVHG� SURMHFWV� IURP� WKH� SUHVHQWDWLRQ
VHVVLRQ�� WKH�VWXGHQWV� WKHQ�YLVLW� WKH� VSRQVRULQJ�FRPSDQ\�DQG� VHH
WKH� DFWXDO� SURGXFWLRQ�� 7KHQ�� WKH� VWXGHQWV� VHOHFW� D� SURMHFW�� 7KH
SURMHFWV� UDQJH� IURP� WKH� IRUPDWLRQ� RI � PDQXIDFWXULQJ� FHOOV�
PDFKLQH� DQG� IL[WXUH� GHVLJQ� IRU� PDQXIDFWXULQJ� IOH[LELOLW\�� VHWXS
WLPH�UHGXFWLRQ��RU�RWKHU�VSHFLILF�SUREOHPV��7KURXJKRXW�WKH�WHUP�
VWXGHQWV� DSSO\� PDWHULDO� IURP� WKH� FODVVURRP� WR� FUHDWH� HIIHFWLYH
VROXWLRQV� IRU� WKH� FRPSDQ\� WR� FRQVLGHU�� 7R�PDNH� WKLV� KDSSHQ�� D
SRLQW�RI �FRQWDFW� LV�DVVLJQHG�WR�HDFK�SURMHFW�VR�WKDW�VWXGHQWV� FDQ
KDYH� DFFHVV� WR� WKH� QHFHVVDU\� LQIRUPDWLRQ� DQG� FDQ� RUJDQL]H
IDFWRU\� YLVLWV�� LQGHSHQGHQWO\�� ,W� LV� D� NH\� WR� WKH� VXFFHVV� RI � WKLV
FRXUVH� WKDW� WKH� VSRQVRULQJ� FRPSDQLHV� RSHQ� WKHLU� GRRUV� WR
VWXGHQWV� DQG� VKDUH� WKH� LQIRUPDWLRQ� WR� VROYH� UHDO� PDQXIDFWXULQJ
SUREOHPV�

4 USING AXIOMATIC DESIGN TO DEFINE THE
PROBLEM

7KH� ILUVW�SUREOHP� WKDW� VWXGHQWV�XVXDOO\�PHHW� LV� WKDW� SURMHFW
REMHFWLYHV� DUH� ORRVHO\� VWDWHG� E\� WKH� VSRQVRULQJ� FRPSDQ\�
7KHUHIRUH�� WKH� VWXGHQWV�PXVW� GHWHUPLQH� WKH� WUXH� REMHFWLYHV� DQG
WKH� FRUUHVSRQGLQJ� VROXWLRQV�� )RU� WKLV� SXUSRVH�� WKH� VWXGHQWV� XVH
$[LRPDWLF�'HVLJQ�>6XK������@�DV�WKH�PHWKRGRORJ\�WR�FRQYH\�WKH
PDQXIDFWXULQJ�V\VWHP�GHVLJQ�SUREOHPV��%\�VWDWLQJ�WKH�REMHFWLYHV
�ZKDW�SUREOHPV�WKH\�VROYH��DQG�VROYLQJ�PHWKRGV��KRZ�WKH\�VROYH
WKH� SUREOHPV�� LQ� WHUPV� RI � IXQFWLRQDO� UHTXLUHPHQWV� �)5�� DQG
GHVLJQ� SDUDPHWHUV� �'3��� VWXGHQWV� FDQ� HVWDEOLVK� D� FOHDU� YLHZ� RI
SURMHFW� JRDOV�� ,Q� DGGLWLRQ�� WKH� GHFRPSRVLWLRQ� SURFHVV� ZLWK
]LJ]DJJLQJ� HQVXUHV� WKDW� WKH� GHVLJQ� VROXWLRQV� DUH� LQGHSHQGHQW�
�6HH�)LJ�����

Left Domain:
Represents the whats as FRs

FR1 FR2

FR11 FR12 FR21 FR23

Right Domain:
Represents the hows as DPs

ZIG

1. Conceptualize
2. Mapping   FR = [DM]*DP
3. Prove the Independence Axiom

ZAG

Define the FR’s of the next level

FR22

DP1 DP 2

DP 12DP 11

ZIG

ZAG

Figure 1. The Zigzagging Process of Axiomatic Design
[Cochran, 1999]

,I � JRDO� VWDWHPHQWV� IURP� FRPSDQLHV� DUH� FRPSDUHG� WR� UH�
GHILQHG�JRDO� VWDWHPHQWV� IURP�VWXGHQWV� WKDW� DUH�GHYHORSHG�EDVHG
RQ� $[LRPDWLF� 'HVLJQ�� LW� LV� REYLRXV� WKDW� VWXGHQWV� EHQHILW� IURP
XVLQJ� WKH�$[LRPDWLF�'HVLJQ�PHWKRGRORJ\��$V� VKRZQ� LQ�7DEOH� �
DQG�7DEOH����VWDWHPHQWV�IURP�FRPSDQLHV�DUH�VR�QHEXORXV�WKDW�LW�LV
GLIILFXOW� WR� VHH� WKH� FRUH� RI � SUREOHPV� DQG� LPDJLQH� WKH� SRVVLEOH
VROXWLRQV�

Table 1. The goal statements from companies
3URMHFW�7LWOHV *RDO�6WDWHPHQWV�IURP�&RPSDQLHV

7XWKLOO�
'HVLJQ�RI
/LQNHG�&HOO

0DQXIDFWXULQJ
6\VWHP

'HWHUPLQH�WKH�LQWHUQDO�DQG�H[WHUQDO�FXVWRPHUV
RI �WKH�SODQW��DQG�FDOFXODWH�D� WDNW� WLPH��'HVLJQ
D� OLQNHG� FHOO� PDQXIDFWXULQJ� V\VWHP� IRU� WKH
SODQW��ZLWK�D�FOHDU�DQG�ORJLFDO�IORZ�RI �ERWK�WKH
SURGXFWV�DQG�WKH� LQIRUPDWLRQ��,Q�RWKHU�ZRUGV�
KRZ� FDQ� WKH� LQIRUPDWLRQ� JHQHUDWHG� LQ
DVVHPEO\� EH� FDVFDGHG� EDFN� WR� WKH� UHVW� RI � WKH
SODQW��DOORZLQJ�WKH�WDNW�WLPH�WR�EH�PHW"

8QLWHG
(OHFWULF�
:LUH

3URFHVVLQJ

���� RI � WKH� SUREHV� EXLOW� LQ� VHQVRUV� UHTXLUH
OHDG�ZLUH� DVVHPEOLHV�� WKH� SURFHVV� RI
PHDVXULQJ�� FXWWLQJ�� MDFNHW� VWULSSLQJ� DQG� OHDG
VWULSSLQJ� LV� WKH� VLQJOH� ORQJHVW� VWHS� LQ� WKH
SURGXFWLRQ� RI � SUREHV�� 7KH� FXUUHQW� SURFHVV� LV
WHGLRXV� DQG� GLIILFXOW� WR� DGDSW� WR� PL[HG� ORW
SURFHVVLQJ�� :H� ZRXOG� EHQHILW� IURP� DQ\
WHFKQRORJLHV�RU�V\VWHPV� WKDW� FRXOG� UHGXFH� WKH
SURFHVV�WLPH�

8QLWHG
(OHFWULF�

0LQLDWXUL]H
��������7�%
$VVHPEO\
)L[WXUH

,Q�RXU�736�SLORW�FHOO��WKHUH�LV�D�IL[WXUH�XVHG�WR
DLG� LQ� WKH� DVVHPEO\� RI � WHUPLQDO� EORFNV�� 7KLV
SURMHFW� ZRXOG� H[DPLQH� WKH� FXUUHQW� PHWKRG
DQG� PDNH� LPSURYHPHQWV� WR� SRND�\RNH
�PLVWDNH�SURRI��DQG�PLQLDWXUL]H�WKH�SURFHVV�

Table 2. Problems with sponsor company statements

6SRQVRU�&RPSDQ\
8QFOHDU
2EMHFWLYH

8QFOHDU
6ROXWLRQ

&RPPHQWV

7XWKLOO�
'HVLJQ�RI �/LQNHG�&HOO
0DQXIDFWXULQJ�6\VWHP

; ;
6\VWHP
'HVLJQ

8QLWHG�(OHFWULF
:LUH�3URFHVVLQJ

; ;
6XE�V\VWHP
'HVLJQ

8QLWHG�(OHFWULF
0LQLDWXUL]H��������
7�%�$VVHPEO\�)L[WXUH

; ;
0DFKLQH��
)L[WXUH
'HVLJQ

+RZHYHU��ZKHQ�WKRVH�VWDWHPHQWV�IURP�FRPSDQLHV�DUH�WXUQHG
LQWR�)5V�DQG�'3V�E\�XVLQJ�$[LRPDWLF�'HVLJQ�� WKH�REMHFWLYHV�RI
SURMHFWV� DQG� FRUUHVSRQGLQJ� VROXWLRQV� EHFRPH� YHU\� FOHDU�� 1H[W
WKUHH�H[DPSOHV�ZLOO�VKRZ�KRZ�WKRVH�WZR�VWDWHPHQWV�DUH�GLIIHUHQW
DQG� KRZ� WKH� $[LRPDWLF� 'HVLJQ� DSSURDFK� KHOSV� VWXGHQWV� WR
VWUXFWXUH� WKHLU� WKLQNLQJ� SURFHVVHV�� ([DPSOHV� DUH� SUHVHQWHG
DFFRUGLQJ� WR� WKHLU� OHYHO� ZLWKLQ� WKH� V\VWHP�� V\VWHP� GHVLJQ� OHYHO�
PDFKLQH�GHVLJQ�OHYHO��DQG�IL[WXUH�GHVLJQ�OHYHO�
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4.1 EXAMPLE 1 (SYSTEM DESIGN LEVEL): DESIGN OF
LINKED CELL MANUFACTURING SYSTEM
(TUTHILL) [ALBERS, ET AL., 1999]

7KH� .LQQH\� 9DFXXP� GLYLVLRQ� RI � 7XWKLOO� &RUSRUDWLRQ
PDQXIDFWXUHV� YDULRXV� W\SHV� RI � YDFXXP� SXPSV� VXFK� DV� URWDU\
SLVWRQ�� OLTXLG� ULQJ�� DQG� GU\� VFUHZ� SXPSV�� ���� VWDQGDUG� SXPSV
DQG� FXVWRPL]HG� SXPSV� DUH� SURGXFHG� LQ� WKH� XQLRQL]HG� SODQW� LQ
0DVVDFKXVHWWV�

,Q� WKLV� SURMHFW�� VWXGHQWV� VRXJKW� WKH� ZD\� WR� VWUHDPOLQH� WKH
V\VWHP� IRU� SURGXFWLRQ� VLJQDOLQJ� �SXOO�� DQG� FRRUGLQDWLRQ� RI
PDWHULDO�IORZ�ZLWK�WKH�NH\�XSVWUHDP�SURFHVVHV�DQG�WKH�VWRFNURRP
NLWWLQJ� IXQFWLRQ�� 7KH� VFRSH� RI � WKLV� SURMHFW� LV� OLPLWHG� WR� WKH
SURGXFWLRQ�RI �VWDQGDUG�URWDU\�YDFXXP�SXPSV�

$IWHU�JHWWLQJ�NQRZOHGJH�RQ� WKH� FXUUHQW� SURGXFWLRQ� V\VWHP�
WKH�VWXGHQWV�WKRXJKW�RI � WKH�GHVLJQ�GHFRPSRVLWLRQ� VWDUWLQJ� IURP
WKH�IXQFWLRQDO�UHTXLUHPHQW�RI �¶SURGXFH�	�VXSSO\�RQO\�SDUWV� WKDW
DUH� QHHGHG�·� )ROORZLQJ� WKH� ]LJ]DJJLQJ� SURFHVV� RI � $[LRPDWLF
'HVLJQ� DQG� FKHFNLQJ� WKH� GHVLJQ�PDWULFHV�� WKH\� GHVLJQHG� D� QHZ
V\VWHP� IROORZHG� E\� D� GLVFXVVLRQ� RQ� IHDVLEOH� LPSOHPHQWDWLRQ� RI
GHVLJQ� SDUDPHWHUV� �'3V��� 7KH� GHVLJQ� GHFRPSRVLWLRQ� RI � WKLV
SURMHFW�LV�DV�VKRZQ�LQ�)LJ����

&RPSDUHG� WR� WKH� RULJLQDO� JRDO� VWDWHPHQW� SURYLGHG� E\� WKH
FRPSDQ\� VKRZQ� LQ� 7DEOH� ��� WKH� GHVLJQ� GHFRPSRVLWLRQ� FOHDUO\
VKRZV�ZKDW� JRDOV� QHHG� WR� EH� DFKLHYHG� DQG� KRZ� WKH\� DUH� WR� EH
DFKLHYHG� LQ� WHUPV�RI ���� OHDI �)5V�DQG�'3V� �6HH�7DEOH����� 6LQFH
WKH� GHVLJQ� LV� UHSUHVHQWHG� LQ� D� GHVLJQ� KLHUDUFK\� ZLWK� GHVLJQ
PDWULFHV�� LW� LV�VLPSOH�WR�XQGHUVWDQG�WKH�GHFLVLRQ�SURFHVV�DQG� WKH
HIIHFW�RI �RQH�GHFLVLRQ�WR�WKH�KLJKHU�OHYHO�)5V�

FR1
Produce &
supply only
parts that are
needed

FR11
Level
customer
demand

FR12
Control start
of production
& supply of
parts

FR111
Define time
interval for
product
leveling

FR112
Identify
which item is
to be
produced

FR121
Link cells or
operations

FR122
Authorize
preceding
operation for
ideal pull
system

FR123
Authorize
preceding
operation for lot
production

FR1211
Transport
material

FR1212
Provide
correct
material when
needed (assy.)

FR1213
Match labor
force to
demand rate

FR1214
Establish
modes of
operation

FR1221
Determine
amount to be
produced

FR1222
Communicate
quantity &
type of part to
be produced

FR1231
Indicate when
to produce

FR1232
Indicate when
to order
materials

FR1233
Communicate
quantity &
type of part to
be produced

FR12111
Transport
material in
fixed
quantities

FR12112
Co-locate
necessary
materials

FR12113
First in, first
out

FR12141
Collect &
deliver kanbans
to assembly &
manufacturing

FR12142
Collect &
deliver co-
located material
to assembly

FR12143
Transport
finished
goods to paint

DP1
Pull system

DP11
Heijunka box

DP12
Kanbans

DP111
Planning
window

DP112
Parts list (Bill
of Material)

DP121
Material &
information
exchange

DP122
Dual bin /
single card
system

DP123
Transition to
push / pull
system

DP1211
Defined
necessary
tools &
equipment

DP1212
Define
necessary
materials

DP1213
Divide work
among
workers

DP1214
Establish
standard work

DP1221
Kanban
quantities

DP1222
Card
information
content

DP1231
Production
level

DP1232
Replenishmen
t level

DP1233
Card
information
content

DP12111
Type of
container
used

DP12112
Cart

DP12113
Gravity feed
chutes

DP12141
Establish
replenishment
loop

DP12142
Establish
kitting loop

DP12143
Establish
finished
goods loop

Figure 2. The Design Decomposition of the Linked Cell
System Design Project [Albers, et al., 1999]

Table 3. Leaf FRs and DPs of the Design
Decomposition of the Linked Cell System Design

Project.
/HDI �)5V /HDI �'3V

)5����'HILQH�WLPH�LQWHUYDO�IRU
SURGXFW�OHYHOLQJ

'3����3ODQQLQJ�:LQGRZ

)5���� ,GHQWLI\� ZKLFK� LWHP� LV
WR�EH�SURGXFHG

'3���� 3DUWV� RI � OLVW� �%LOO� RI
0DWHULDO�

)5������7UDQVSRUW�PDWHULDO� LQ
IL[HG�TXDQWLWLHV

'3������ 7\SH� RI � FRQWDLQHU
XVHG

)5������ &R�ORFDWH� QHFHVVDU\
PDWHULDOV

'3������&DUW

)5������)LUVW�LQ��)LUVW�RXW '3������*UDYLW\�IHHG�FKXWHV
)5����� 3URYLGH� FRUUHFW
PDWHULDO�ZKHQ�QHHGHG

'3����� 'HILQH� QHFHVVDU\
PDWHULDOV

)5����� 0DWFK� ODERU� IRUFH� WR
GHPDQG�UDWH

'3����� 'LYLGH� ZRUN� DPRQJ
ZRUNHUV

)5������ &ROOHFW� 	� GHOLYHU
NDQEDQV� WR� DVVHPEO\� 	
PDQXIDFWXULQJ

'3������ (VWDEOLVK
UHSOHQLVKPHQW�ORRS

)5������&ROOHFW�	�GHOLYHU�FR�
ORFDWHG�PDWHULDO�WR�DVVHPEO\

'3������ (VWDEOLVK� NLWWLQJ
ORRS

)5������ 7UDQVSRUW� ILQLVKHG
JRRGV�WR�SDLQW

'3������ (VWDEOLVK� ILQLVKHG
JRRGV�ORRS

)5�����'HWHUPLQH� DPRXQW� WR
EH�SURGXFHG

'3�����.DQEDQ�TXDQWLWLHV

)5�����&RPPXQLFDWH�TXDQWLW\
	�W\SH�RI �SDUW�WR�EH�SURGXFHG

'3����� &DUG� LQIRUPDWLRQ
FRQWHQW

)5����� ,QGLFDWH� ZKHQ� WR
SURGXFH

'3�����3URGXFWLRQ�OHYHO

)5����� ,QGLFDWH� ZKHQ� WR
RUGHU�PDWHULDOV

'3�����5HSOHQLVKPHQW�OHYHO

)5�����&RPPXQLFDWH�TXDQWLW\
	�W\SH�RI �SDUW�WR�EH�SURGXFHG

'3����� &DUG� LQIRUPDWLRQ
FRQWHQW

$IWHU� KDYLQJ� WKLV� GHVLJQ� GHFRPSRVLWLRQ�� WKH� ZD\V� WR
LPSOHPHQW� OHDI � '3V� DUH� GLVFXVVHG� DFFRUGLQJ� WR� WKH� $[LRPDWLF
'HVLJQ� SULQFLSOH�� )RU� H[DPSOH�� WKH� OHDI � )5� ������� FR�ORFDWH
QHFHVVDU\�PDWHULDOV��VKRXOG�EH�DFKLHYHG�E\�WKH�FRUUHVSRQGLQJ�'3
�������&DUW��7KH�GHWDLOV�RI �'3�������DUH�DV�IROORZV�

�´7KLV�UHTXLUHPHQW�>)5�����@�LV�PHW�E\�SURYLGLQJ�WUD\V�WKDW
VOLGH�WR�DOORZ�WKH�SDUWV�WR�EH�FR�ORFDWHG�XQGHU�WKH�DVVHPEO\�FDUW�
7KH� DVVHPEO\� FDUW� FRQWDLQV� WKH� IL[WXUH� RQ� ZKLFK� DQ\� RI � WKH
SXPSV�PDGH�LQ�WKH�FHOO�FDQ�EH�EXLOW��8QGHU�WKH�ZRUNLQJ�VXUIDFH�
D� WUD\� LV� VWRUHG� IRU� HDFK� VWDWLRQ� LQ� WKH� DVVHPEO\� FHOO�� 7KH� NLWWHU
ILOOV� WKHVH� WUD\V� DFFRUGLQJ� WR� WKH� LQVWUXFWLRQV� RQ� WKH� ELOO� RI
PDWHULDOV� UHWULHYHG� IURP� WKH� KHLMXQND� ER[�� 7KLV� ZD\�� WKH
DVVHPEOHU�FDQ�ZRUN�RXW�RI �RQH� WUD\� DW� HDFK� VWDWLRQ�DQG�KDYH� DOO
WKH�QHHGHG�SDUWV�ZLWKLQ�HDFK�UHDFK�µ�>$OEHUV��HW�DO�������@

7KH�VDPH�NLQG�RI �HODERUDWLRQ�RI �'3V�DV� DERYH� LV�GRQH� IRU
DOO� OHDI � '3V� WR� IDFLOLWDWH� DFWXDO� LPSOHPHQWDWLRQ� RI � '3V�� 8VLQJ
WKLV� HODERUDWLRQ�� DOO� OHDI � '3V� ZHUH� LQFRUSRUDWHG� LQWR� WKH� QHZ
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&RS\ULJKW��������E\�WKH�,QVWLWXWH�IRU�$[LRPDWLF�'HVLJQ ��

OLQNHG�FHOO� PDQXIDFWXULQJ� V\VWHP� DQG� WKLV� ZDV� WKH� HQG� RI � WKH
GHVLJQ�SURFHVV�
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Figure 3. The Design Matrices of the Design
Decomposition of the Linked Cell System Design Project

,Q�WKLV�SURMHFW�� WKH�GHVLJQ�RI �QHZ�OLQNHG�FHOO�PDQXIDFWXULQJ
V\VWHP� LV� GRQH� E\� GHFRPSRVLQJ� )5V� DQG� '3V� LQ� WKH� GHVLJQ
KLHUDUFK\� ZKLOH� IROORZLQJ� WKH� ]LJ]DJJLQJ� SULQFLSOH�� 7KH� ILQDO
SLFWXUH� RI � WKH� QHZ� V\VWHP� LV� SURSRVHG� DQG� VKRZQ� E\
LQFRUSRUDWLQJ� DOO� OHDI � '3V� LQWR� WKH� QHZ� V\VWHP�� 7KH� SURSRVHG
PDWHULDO� DQG� LQIRUPDWLRQ� IORZ� RI � WKH� QHZ� OLQNHG� FHOO� V\VWHP� LV
VKRZQ�LQ�)LJ����

Heijunka
Box

Kitting
Area

Machining Cell Assembly Cell

Raw
Material
Supplier

Part
Suppliers

Customer

Information flowMaterial flow

Figure 4. Material and Information Flow of the New
Linked Cell System

4.2 EXAMPLE 2 (SUB-SYSTEM LEVEL): WIRE
PROCESSING (UNITED ELECTRIC) [MARTINEZ,
ET AL., 1998]

8QLWHG�(OHFWULF��8(�� LV�D�SULYDWHO\�KHOG�FRPSDQ\� ORFDWHG� LQ
:DWHUWRZQ�� 0DVVDFKXVHWWV� WKDW� SURGXFHV� WHPSHUDWXUH� DQG
SUHVVXUH� JDXJHV��8(� HPSOR\V� DERXW� ���� SHRSOH� DQG� WKH� DQQXDO
UHYHQXH�LV�DERXW�����PLOOLRQ�LQ�8�6��GROODUV�

,Q� WKLV� SURMHFW�� VWXGHQWV� VWURYH� WR� WUDQVIRUP� WKH� FXUUHQW
EDWFK� SURFHVV� RI � ZLUH� SURFHVVLQJ� LQWR� WKH� VLQJOH� SLHFH� IORZ
SURFHVV��%DWFK�SURGXFWLRQ� LQ�ZLUH�SURFHVV� LV�UHTXLUHG�GXH�WR�WKH
ORQJ�FKDQJHRYHU�WLPH�DQG�ODFN�RI �PDQ�PDFKLQH�VHSDUDWLRQ�LQ�WKH
ILUVW�WKUHH�SURFHVVHV��VR�WKDW�WKH�FXUUHQW�ZLUH�SURFHVVLQJ�GRHV�QRW
PHHW���PLQXWH�WDNW�WLPH��7R�VROYH�WKLV�SUREOHP��VWXGHQWV�VHW� WKH
ILUVW� )5� DV� ¶PHHW� FXVWRPHU� WDNW� WLPH·� DQG� GHFRPSRVHG� LW� LQWR
ORZHU� OHYHOV��7KH�GHVLJQ�GHFRPSRVLWLRQ�RI � WKLV�SURMHFW� LV� VKRZQ
LQ�)LJ����

$V�VHHQ�LQ�WKH�GHVLJQ�GHFRPSRVLWLRQ�RI �)LJ�����WKH�QHEXORXV
VWDWHPHQW�RI �WKH�JRDO� LQ�7DEOH��� LV� WUDQVODWHG� LQWR�WKH� FOHDU� JRDO
WR� PHHW� WKH� FXVWRPHU� WDNW� WLPH�� )XUWKHUPRUH�� PRUH� VSHFLILHG
IXQFWLRQDO�UHTXLUHPHQWV�WR�DFKLHYH�WKLV�JRDO�FRXOG�EH�WKRXJKW�E\
GHFRPSRVLQJ�LW�DFFRUGLQJ�WR�WKH�$[LRPDWLF�'HVLJQ�PHWKRGRORJ\�
6LQFH�WKH�GHVLJQ� OHYHO� LV�VXEV\VWHP��FHOO�� OHYHO� WKDW� LV� ORZHU� WKDQ
V\VWHP� GHVLJQ�� PRUH� SK\VLFDO� GHVLJQ� SDUDPHWHUV� DUH� VKRZQ� XS
VXFK�DV�'3����RQ�RII �VZLWFK��'3����)XQQHO�JXLGHV��HWF��%DVHG
RQ�WKLV�GHVLJQ�GHFRPSRVLWLRQ��VWXGHQWV�FRXOG�GHVLJQ�PDFKLQHV�LQ
WKH�FHOO�WR�VDWLVI\�DOO�HQG�OHYHO�IXQFWLRQDO�UHTXLUHPHQWV��OHDI �)5V�
E\� HQG� OHYHO� GHVLJQ� SDUDPHWHUV� �OHDI � '3V�� DQG� WKXV� DFWXDOO\
LPSOHPHQW� WKHP�� 7KH� GHVLJQ� PDWULFHV� RI � WKLV� GHVLJQ
GHFRPSRVLWLRQ�DUH�VKRZQ�LQ�)LJ����

FR1
Meet
Customer
Takt Time

FR11
Decrease cell
cycle time to
meet takt
time

FR12
Minimize
operations

FR13
Minimal
wasted
processing
movement

FR111
Easily select
wires for a
single strip

FR112
Reduce slip
in cutting
spooler

FR131
No failure -
constant
operation all
times

FR132
Easy to align
wires

FR133
Quick tool
selection

FR134
Cell layout
for easy flow

FR113
Allow
wrapping
without
operator

DP1
Replenishme-
nt time less
than takt time

DP11
Decrease
change over
time

DP12
Standard
operations

DP13
Elimination of
unnecessary
processes and
motions

DP111
All wire ti ps in
close
proximity,
clearly labeled

DP112
Increased
grip

DP131
Increased
friction by
capstan effect

DP132
Funnel guides

DP133
Dowel pin
hang ups

DP134
Machine
location in
order of
operations

DP113
On/off switch

Figure 5. Design Decomposition of the Second Project
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Figure 6. The Design Matrices of the Design
Decomposition of the Linked Cell System Design Project

4.3 EXAMPLE 3(MACHINE DESIGN LEVEL): 120/105
CELL – TERMINAL BLOCK FIXTURE REDESIGN
(UNITED ELECTRIC) [GERACI, ET AL., 1998]

,Q�WKLV�SURMHFW��VWXGHQWV�VWXGLHG�RQH�RI � WKH� IL[WXUHV�XVHG� LQ
DQ� DVVHPEO\� FHOO�� 7KH�PDLQ� IXQFWLRQ� RI � WKH� IL[WXUH� LV� WR� FULPS
ULYHWV� XVLQJ� D� SQHXPDWLF� SLVWRQ� LQ� RUGHU� WR� IDVWHQ� D� WHUPLQDO
EORFN� DQG�PRXQWLQJ� SODWH� WRJHWKHU�� 7KH� FRPSRQHQWV� SDUWV� WKDW
DUH�DVVHPEOHG�E\�XVLQJ�WKLV�IL[WXUH�FRQVLVW�RI �WZR�GLIIHUHQW�W\SHV
RI � WHUPLQDO� EORFNV� ����� WHUPLQDO� EORFN� DQG� VWDQGDUG� WHUPLQDO
EORFN��� DOXPLQXP� EDVH� SODWH�� DQ� LQVXODWLRQ� SLHFH�� DQG� WKH� WZR
ULYHWV� XVHG� WR� DVVHPEOH� HYHU\WKLQJ� WRJHWKHU�� 7KH� GLIIHUHQFH
EHWZHHQ�WKH�WZR�WHUPLQDO�EORFNV� LV�VPDOO�EXW�VXEVWDQWLDO�� VR� WKDW
LW�UHTXLUHV�RI �XVLQJ�WZR�GLIIHUHQW�VHWV�RI �WRS�DQG�ERWWRP�GLHV�WR
FULPS�WKH�ULYHWV��7KLV�UHTXLUHV�FKDQJHRYHU�RI �WKH�GLH�HYHU\�WLPH�D
GLIIHUHQW� SDUW� W\SH� LV� WR� EH� DVVHPEOHG�� %DVHG� RQ� WKH� FRPSDQ\·V
JRDO� VWDWHPHQW� LQ� 7DEOH� �� DQG� WKHLU� REVHUYDWLRQ� RI � SUREOHPV�
VWXGHQWV�GHYHORSHG�WKH�GHVLJQ�GHFRPSRVLWLRQ�DV�VKRZQ�LQ�)LJ����

FR1
Design an
ideal
crimping
machine

FR11
Machine fits
into logical
assembly
order flow

FR12
Components
may easily be
placed in
machine

FR13
Components
line up
perfectly

FR111
No unused
space

FR112
Height is
reduced

FR122
Enough room
for hands to
fit easily

FR131
Fixture locks
firmly into
place

FR132
Fixture locates
all four sides
of terminal
block

FR141
Single die is
capable of
pressing both
types of
terminal blocks

FR121
Suitable
clearance above
base plate and
securing
mechanism

FR14
Changeover
time is
eliminated

DP1
Redesign all non
ideal aspects of
existing crimping
machine

DP11
Minimize
machine size

DP12
Enlarge space
for
component
placement

DP13
Design more
accurate
aligning
fixture

DP111
Eliminate
wasted space

DP112
Use a smaller
pneumatic
press

DP122
Provide enough
space between
terminal block
fixtures

DP131
Implement a
locking
mechanism

DP132
Use two L-
brackets on
opposing
corners of the
terminal block

DP141
Provide two
orientations of
single die to
accommodate for
different terminal
blocks

DP121
Have securing
mechanism slide
in  from side

DP14
Design a
single die

Figure 7. Design Decomposition of the First Project

$V� VHHQ� LQ� WKH� DERYH� GHVLJQ� GHFRPSRVLWLRQ�� WKH� XQFOHDU
VWDWHPHQW� RI � JRDOV� VWDWHG� E\� WKH� FRPSDQ\�� ¶SRND�\RNH·� DQG
¶PLQLDWXUL]H·� WKH� SURFHVV�� LV� WUDQVODWHG� LQWR� IRXU� FOHDU� IXQFWLRQDO
UHTXLUHPHQWV�����PDFKLQH�ILWV�LQWR�ORJLFDO�DVVHPEO\�RUGHU�IORZ����
FRPSRQHQWV�PD\�HDVLO\�EH�SODFHG�LQ�PDFKLQH�����FRPSRQHQWV�OLQH
XS�SHUIHFWO\��DQG����FKDQJHRYHU�WLPH� LV�HOLPLQDWHG��)XUWKHUPRUH�
WKHVH� IXQFWLRQDO� UHTXLUHPHQWV� DUH� IXUWKHU� GHFRPSRVHG� LQWR� �
IXQFWLRQDO�UHTXLUHPHQWV�DQG�GHVLJQ�SDUDPHWHUV� WR� DFKLHYH� DFWXDO
SK\VLFDO� LPSOHPHQWDWLRQ�� ,Q� WKDW� FDVH�� WKH� UHVW� RI � WKH� GHVLJQ
SURFHVV�LV�WR�LPSOHPHQW�'3V�LQWR�D�SK\VLFDO�IL[WXUH�GHVLJQ�ZKLOH
FRQVLGHULQJ� WKH� SK\VLFDO� LQWHJUDWLRQ� WKHRUHP� RI � $[LRPDWLF
'HVLJQ��7KH�SURSRVHG�GHVLJQ�RI �QHZ� IL[WXUH� LV�SURYLGHG� LQ�)LJ�
��

Figure 8. The Old Fixture (left) vs. The New Fixture (right)
[Geraci, et al., 1998]

,Q� DGGLWLRQ� WR� WKLV� EHQHILW�� WKH�$[LRPDWLF�'HVLJQ� DSSURDFK
SURYLGHV� DQRWKHU� LPSRUWDQW� DGYDQWDJH� DV� D� GHVLJQ�PHWKRGRORJ\�
7KH� VSRQVRULQJ� FRPSDQ\� WKRXJKW� WKDW� DOO� WKH\� QHHGHG� ZDV� WR
PLQLDWXUL]H� WKH� IL[WXUH� DQG�PDNH� WKH�SURFHVV�PLVWDNH�SURRI��EXW
WKH� GHVLJQ� GHFRPSRVLWLRQ� FOHDUO\� FRQYH\V� WKDW� WKHUH� DUH� PRUH
GHVLJQ�FRQVLGHUDWLRQV� WKDW� VKRXOG� EH� SDLG� KHHGHG�� )RU� H[DPSOH�
RQH�RI �WKH�)5V�LQGLFDWH�WKDW�FRPSRQHQWV�VKRXOG�EH�HDVLO\�SODFHG
LQ� WKH� PDFKLQH�� ZKLFK� UHTXLUHV� PRUH� VSDFH� DOORFDWHG� IRU
FRPSRQHQW� SODFHPHQW� ZKLOH� DQRWKHU� )5� LQGLFDWHV� WKDW� WKH
PDFKLQH� VKRXOG� ILW� LQWR� WKH� DVVHPEO\� IORZ�� 7KLV� LV� RQH� RI � WKH
DGYDQWDJHV�RI �$[LRPDWLF�'HVLJQ�� WKDW�PDQ\�GLIIHUHQW�DVSHFWV�RI
D�GHVLJQ�DUH� FRQVLGHUHG� VLPXOWDQHRXVO\� WR� DFKLHYH� D�KLJKHU� OHYHO
)5� E\� PHDQV� RI � D� GHVLJQ� KLHUDUFK\� DQG� GHVLJQ� PDWUL[�� ,I � RQH
FKHFNV� WKH� GHVLJQ�PDWUL[�ZLWK� WKH� DERYH� GHVLJQ�� LW� FDQ� EH� VHHQ
WKDW�DW�)LJ�����LW�LV�D�GHFRXSOHG�GHVLJQ�
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Figure 9. The Design Matrices of the Design
Decomposition of the Linked Cell System Design Project

5 CONCLUSIONS

7KH� QHZ� WHDFKLQJ� PHWKRG� GHYHORSHG� E\� 3URI�� &RFKUDQ
SURYLGHV� D� XQLTXH� RSSRUWXQLW\� IRU� VWXGHQWV� WR� OHDUQ� DERXW
SURGXFWLRQ� V\VWHP� GHVLJQ�� 7KH� FRPELQDWLRQ� RI � FODVVURRP
LQVWUXFWLRQ� DQG� UHDO� IDFWRU\� H[SHULHQFH� LV� D� JRRG� ZD\� WR� KHOS
VWXGHQWV� WR� XQGHUVWDQG� ERWK� WKH� WKHRUHWLFDO� IXQGDPHQWDOV� DQG
DFWXDO� LPSOLFDWLRQ� RI � SURGXFWLRQ� V\VWHP� GHVLJQ�� 7KH� XVH� RI
$[LRPDWLF�'HVLJQ� LQ� WKH� FODVV�� VWUHQJWKHQV� WKH� GHFLVLRQ�PDNLQJ
SURFHVV� LQ� V\VWHP� GHVLJQ� DQG� SURYLGHV� ULJRURXV�� H[SODLQDEOH



7HDFKLQJ
)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$[LRPDWLF�'HVLJQ

&DPEULGJH��0$�²�-XQH������������

&RS\ULJKW��������E\�WKH�,QVWLWXWH�IRU�$[LRPDWLF�'HVLJQ ��

UHVXOWV�WR�WKH�LQGXVWULDO�SDUWLFLSDQWV��6WXGHQWV�DUH�DEOH�WR�WKLQN�RI
UHDO�OLIH�PDQXIDFWXULQJ�GHVLJQ�SUREOHPV�DQG�VWULYH�WR�WDFNOH�WKHP�
0RVW� LPSUHVVLYHO\�� WKH� VWXGHQWV� DUH� DEOH� WR� VHH� WKH
LPSOHPHQWDWLRQ�RI �WKHLU�VROXWLRQV�

7KLV�WHDFKLQJ�PHWKRG�EHQHILWV� WZR�SDUWLHV�� WKH�VWXGHQWV�DQG
WKH� FRPPXQLW\�� 7KH� VWXGHQWV� ZKR� KDYH� WDNHQ� WKLV� FRXUVH� ZLOO
HQWHU�WKH�HQJLQHHULQJ�FRPPXQLW\�ZLWK�D�GLIIHUHQW�DWWLWXGH�WRZDUG
WKH� UHDO� IDFWRU\� IORRU� GXH� WR� WKHLU� H[SHULHQFH� LQ� WKLV� FRXUVH�� ,Q
IDFW�� LW� LV� WKLV� H[SHULHQFH� WKDW� KDV� OHG� VRPH� SDUWLFLSDWLQJ
FRPSDQLHV�WR�KLUH�VHYHUDO�VWXGHQWV�WR�FRQWLQXH�ZRUNLQJ�IRU�WKHP�

7KH� FRPPXQLW\� HTXDOO\� EHQHILWV� IURP� WKLV� QHZ� WHDFKLQJ
PHWKRG�� 3DUWLFLSDWLQJ� FRPSDQLHV� WKLQN� RI � WKHLU� SUREOHPV� LQ� D
PRUH�ORJLFDO�ZD\�LQ�FRUSRUDWLRQ�ZLWK�WKH�VWXGHQWV��,Q�PDQ\�FDVHV�
WKH� FRPSDQLHV� DUH� SURYLGHG� VROXWLRQV� WR� WKHLU� SUREOHPV�� ,Q
DGGLWLRQ�� WKH� FRPSDQLHV� OHDUQ� KRZ� WR� WDFNOH� WKH� SURGXFWLRQ
V\VWHP� SUREOHPV� DQG� KRZ� WR� VROYH� WKRVH� SUREOHPV� ZLWK
$[LRPDWLF�'HVLJQ�

$[LRPDWLF� 'HVLJQ� SURYLGHV� VWURQJ� DGYDQWDJHV� LQ� GHILQLQJ
SUREOHPV� DQG� ILQGLQJ� FRUUHVSRQGLQJ� VROXWLRQV� LQ� D� P\ULDG� RI
GHVLJQ�SURFHVVHV��6WXGHQWV� OHDUQHG� WKDW� LW� LV� LPSRUWDQW� WR� DOZD\V
FRQVLGHU� WKH� REMHFWLYHV� �IXQFWLRQDO� UHTXLUHPHQWV�� ZKLOH� VHHNLQJ
DQVZHUV� �GHVLJQ� SDUDPHWHUV�� WR� SUREOHPV� DQG� WR� VHOHFW� '3V� WR
HQVXUH� LQGHSHQGHQFH�� 7R� SRUWUD\� EUHDGWK� DQG� GHSWK�� WKLV� SDSHU
KDV�LOOXVWUDWHG�WKH�DSSOLFDWLRQ�RI �$[LRPDWLF�'HVLJQ�WR�WKH�V\VWHP�
VXE�V\VWHP��DQG�PDFKLQH�IL[WXUH�OHYHOV�RI �SURGXFWLRQ�V\VWHPV�
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