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Abstract
Reconfiguration is a significant area of after-sales, esp e-
cially for companies with configurable products. In this
paper, the field of reconfiguration is characterised and a
framework for reconfiguration is presented on the basis of
experiences gathered from Finnish manufacturing compa-
nies. Although the state of the practice leaves much room
for improvement, reconfiguration is an important business
in several companies. Based on the experiences, an a b-
stract conceptual model for reconfiguration is defined.

Introduction

$IWHU0VDOHV#LV#DQ#LQFUHDVLQJO\#LPSRUWDQW#EXVLQHVV#DUHD#IRU
PDQ\#FRPSDQLHV1#7KHUH# LV#D#QHHG# WR#SURYLGH# VXSSRUW# WR
DQG# PDLQWHQDQFH# IRU# SURGXFW# LQGLYLGXDOV# IRU# H[WHQGHG
SHULRGV1#2QH#LPSRUWDQW#WDVN#LQ#WKH#DIWHU0VDOHV#LV#WR#UHFRQ0
ILJXUH#DQ#H[LVWLQJ#SURGXFW#LQGLYLGXDO/#L1H1/#WR#PRGLI\#LW#WR
PHHW#QHZ# UHTXLUHPHQWV1#$OWKRXJK#SURGXFW#FRQILJXUDWLRQ
WDVNV# DQG# WKHLU# FRPSXWHU# VXSSRUW# KDYH# EHHQ# DFWLYHO\
VWXGLHG# UHFHQWO\# +VHH# H1J1/# >4@,/# UHFRQILJXUDWLRQ# KDV# QRW
EHHQ#VDWLVIDFWRULO\#GHDOW#ZLWK#>5/#6/#7@1
2QH# RI# WKH# PDLQ# GLIIHUHQFHV# EHWZHHQ# FRQILJXUDWLRQ

DQG# UHFRQILJXUDWLRQ# LV# WKH# H[LVWLQJ# SURGXFW# LQGLYLGXDO/
ZKLFK# LQ# UHFRQILJXUDWLRQ#VHUYHV#DV#DQ# LQSXW# WR# WKH#SURF0
HVV1#)RU# H[DPSOH/# WKH#SODWIRUP# IRU# WKH#PDFKLQHU\#RI# DQ
HOHYDWRU# KDV# KROHV# IRU# WKH# URSHV1# ,Q# FRQILJXUDWLRQ# WKHVH
KROHV#DUH#RXWSXW#DV#WKH#SODWIRUP#LV#PDQXIDFWXUHG#DFFRUG0
LQJ# WR# WKH#VSHFLILFDWLRQ># LQ#UHFRQILJXUDWLRQ/# WKH#KROHV#DFW
DV#LQSXWV#DQG#WKHLU#SODFHPHQW#LV#YHU\#PXFK#IL[HG1
,Q#WKLV#SDSHU/#ZH#GHILQH#D#VLPSOH#IUDPHZRUN#IRU#UHFRQ0

ILJXUDWLRQ#WKDW#RXWOLQHV#WKH#FKDUDFWHULVWLFV#RI#UHFRQILJXUD0
WLRQ# IURP# WKH# EXVLQHVV# SHUVSHFWLYH1# 7KH# IUDPHZRUN# LV
EDVHG# RQ# RXU# H[SHULHQFHV# RQ# UHFRQILJXUDWLRQ# LQ# WZR
GR]HQ#LQGXVWULDO#FRPSDQLHV/#ZKLFK#ZH#EULHIO\#VXPPDULVH1
:H# WKHQ# DUJXH# WKDW# UHFRQILJXUDWLRQ# LV# QRW# DOZD\V# DGH0
TXDWHO\#VXSSRUWHG#E\#VLPLODU#PHDQV#DV#FRQILJXUDWLRQ1#:H
GHILQH# D# FRQFHSWXDO#PRGHO# IRU# WKH# UHFRQILJXUDWLRQ# WDVN
DQG#NQRZOHGJH# WKDW# V\QWKHVL]HV# DQG#JHQHUDOLVHV#RXU# H[0
SHULHQFHV1# )LQDOO\/# WKH# IUDPHZRUN# DQG# PRGHO# DUH# GLV0
FXVVHG#DQG#WRSLFV#IRU#IXUWKHU#ZRUN#DUH#JLYHQ1
2XU#PRGHO#GLIIHUV#IURP#PRVW#RI#WKH#DSSURDFKHV#WR#FRQ0

ILJXUDWLRQ/#ZKLFK#VLPSOLI\# WKH#UHDOLW\#E\#DVVXPLQJ# WKDW#D
FRQILJXUDWLRQ#PRGHO#DOZD\V#UHSUHVHQWV# WKH#FXUUHQW#VLWXD0
WLRQ²WKHUH#LV#QR#KLVWRU\/#IXWXUH#RU#FKDQJHV#RI#DQ\#NLQG#WR
WKH# FRQILJXUDWLRQ# PRGHO1# 6RPH# DXWKRUV# KDYH# SURSRVHG
PRGHOV# IRU# UHFRQILJXUDWLRQ# >8@#RU#SURSRVH# LQWHJUDWLRQ#RI
FKDQJH#PDQDJHPHQW#WR#FRQILJXUDWLRQ#PRGHOV#>4/#6@1
$# FORVHO\# UHODWHG# DUHD# WR# UHFRQILJXUDWLRQ# LV# VFKHPD0

HYROXWLRQ#LQ#GDWDEDVHV/#ZKLFK#DGGUHVVHV#PDQLSXODWLQJ#ROG

LQGLYLGXDOV#ZLWK#D#QHZ#VFKHPD#>9/#:@1#7KHUH#LV/#KRZHYHU/
D# IXQGDPHQWDO# GLIIHUHQFH# LQ# WKH# QDWXUH# RI# VFKHPD0
HYROXWLRQ#DQG#HYROXWLRQ#RI#FRQILJXUDWLRQ#PRGHOV1#:KHQ#D
FRQILJXUDWLRQ#PRGHO#LV#PRGLILHG/#LW#GRHV#QRW#UHSUHVHQW#WKH
VDPH#SURGXFW#LQGLYLGXDOV#ZLWK#D#GLIIHUHQW#PRGHO²LW#UHS0
UHVHQWV#D#GLIIHUHQW#VHW#RI#SURGXFW# LQGLYLGXDOV1#)RU#H[DP0
SOH/#ZKHQ#D#QHZ#FRPSRQHQW#W\SH#LV#LQFOXGHG#LQ#D#SURGXFW/
WKLV# GRHV# QRW# PHDQ# WKDW# WKH# ROG# LQGLYLGXDOV# VKRXOG# EH
FRQYHUWHG# WR#KDYH# VXFK#D#FRPSRQHQW1#6FKHPD0HYROXWLRQ
DOVR#RFFXUV# LQ#FRQILJXUDWLRQ#PRGHOV/#EXW# LV#PRUH# UHODWHG
WR#GDWDEDVH#PDQDJHPHQW#WKDQ#WR#SURGXFW#HYROXWLRQ1
7KH#PDLQ# WHUPLQRORJ\# RI# WKLV# SDSHU# LV# DV# IROORZV1#$

SURGXFW# LQGLYLGXDO# LV#PDQXIDFWXUHG# DFFRUGLQJ# WR# D# FRQ0
ILJXUDWLRQ# WKDW# VDWLVILHV# D# FRQILJXUDWLRQ# PRGHO1# $# FRQ0
ILJXUDWLRQ#PRGHO#GHILQHV/#DPRQJ#RWKHU#WKLQJV/#FRPSRQHQW
W\SHV/#ZKLFK#DOORZV#XV# WR#VD\#D#FRPSRQHQW# LQGLYLGXDO# LV
RI#D#FHUWDLQ#FRPSRQHQW# W\SH1#7HUP#SURGXFW# W\SLFDOO\#UH0
IHUV#WR#D#ZKROH#DQG#FRPSRQHQW#WR#D#FRQVWLWXHQW#RI#D#SURG0
XFW1#)XUWKHUPRUH/#ZH#DVVXPH#WKDW#WKH#GLVWLQFWLRQ#EHWZHHQ
DQ#LQGLYLGXDO#DV#D#SK\VLFDO#HQWLW\#DQG#LWV#GHVFULSWLRQ#LQ#DQ
LQIRUPDWLRQ#V\VWHP#LV#FOHDU#IURP#WKH#FRQWH[W1

Reconfiguration Framework

7KH# IHDVLELOLW\# RI# UHFRQILJXUDWLRQ# GHSHQGV# RQ# WKH# EXVL0
QHVV1#,Q#WKLV#VHFWLRQ/#ZH#FKDUDFWHULVH#UHFRQILJXUDWLRQ#DV#D
EXVLQHVV#DQG#GHVFULEH#VRPH#IDFWRUV#DIIHFWLQJ# LWV#IHDVLELO0
LW\1#:H#WKHQ#GHVFULEH#GLIIHUHQW#PRGHV#RI#UHFRQILJXUDWLRQ
DQG#UHSRUW#RXU#H[SHULHQFHV#ZLWK#FDVH#FRPSDQLHV1

Feasibility of Reconfiguration 
6RPH# WUHQGV#PDNH# UHFRQILJXUDWLRQ#PRUH#GHVLUDEOH# WKDQ
EHIRUH1#)RU#H[DPSOH/# WKH#ZDVWH#RI#QDWXUDO# UHVRXUFHV# FDQ
EH# OHVVHQHG#E\#H[WHQGLQJ# WKH# OLIHWLPH#RI#D#SURGXFW# LQGL0
YLGXDO# DQG# WLJKWHU# LQYHVWPHQW# EXGJHWV#PDNH# H[WHQVLEOH
SURGXFWV#DWWUDFWLYH1
0DLQWDLQLQJ# UHFRQILJXUDELOLW\1# 5HFRQILJXUDWLRQ# LV

SUREOHPDWLF# VLQFH# LW# FDQQLEDOLVHV# WKH#PDUNHWV# IURP# QHZ
SURGXFWV1# ,Q# DGGLWLRQ/#PDLQWDLQLQJ# UHFRQILJXUDELOLW\# FDQ
PDNH# LQWURGXFWLRQ# RI# QHZ# IHDWXUHV# EDVHG# RQ# QHZ# WHFK0
QRORJ\# PRUH# GLIILFXOW1# 7KHVH# DUJXPHQWV# HDVLO\# OHDG# WR
WUDGH0RIIV# EHWZHHQ# GHYHORSLQJ# QHZ# SURGXFWV# DQG# H[0
WHQGLQJ#WKH#UHFRQILJXUDELOLW\#RI#ROG#RQHV1
&XVWRPHUV1#5HFRQILJXUDEOH#SURGXFWV#DOVR#WHQG#WR#ELQG

FXVWRPHUV# WR# WKH# FRPSDQ\1#(YHQ# D# UHODWLYHO\#PLQRU# UH0
FRQILJXUDWLRQ#PD\# DOORZ# VLJQLILFDQW# DGGHG# YDOXH# WR# WKH
FXVWRPHU/# WKXV# SURYLGLQJ# ZLGHU# SURILW# PDUJLQ# IRU# WKH
PDQXIDFWXUHU1# )XUWKHUPRUH/# DIWHU0VDOHV# LV# W\SLFDOO\# OHVV



GHSHQGHQW#RQ#WKH#HFRQRPLF#IOXFWXDWLRQV#WKDQ#WKH#VDOHV#RI
QHZ#SURGXFWV1
7\SH#RI#SURGXFW1#,Q#DGGLWLRQ# WR#EXVLQHVV#DVSHFWV/# WKH

IHDVLELOLW\#RI#UHFRQILJXUDWLRQ#LV#DOVR#DIIHFWHG#E\# WKH# W\SH
RI# WKH# SURGXFW1# 2QH0RI0D0NLQG# LQGXVWULDO# SURGXFWV# DUH
W\SLFDOO\#FRPSOH[#SURGXFWV# WKDW#DUH#GHVLJQHG#DQG#PDQX0
IDFWXUHG# DV# VHSDUDWH# SURMHFWV1# ([DPSOHV# LQFOXGH# SRZHU
SODQWV# DQG#SDSHU#PDFKLQHV1# ,W# LV# GLIILFXOW# WR# GHILQH# V\V0
WHPDWLF# UHXVDEOH# NQRZOHGJH# RQ# VXFK# SURGXFWV/# H1J1/# IRU
UHFRQILJXUDWLRQ/#ZKLFK# LPSOLHV# WKDW#UHFRQILJXUDWLRQ#PXVW
DOVR#EH#FDUULHG#RXW#LQ#SURMHFWV1#7KH#PRVW#UHOHYDQW#W\SH#RI
SURGXFWV# IRU# UHFRQILJXUDWLRQ# VHHPV# WR# EH# FRQILJXUDEOH
SURGXFWV# VLQFH# WKH\# DOORZ# V\VWHPDWLVDWLRQ# RI# WKH# QHFHV0
VDU\# NQRZOHGJH1#0RGXODU# IL[HG# SURGXFWV#PD\# UHVHPEOH
FRQILJXUDEOH#SURGXFWV#LQ#WKLV#VHQVH1
$#UHOHYDQW#IDFWRU#LQ#UHFRQILJXUDWLRQ#LV#DOVR#ZKHWKHU#WKH

SURGXFW# LQGLYLGXDO# LV#PDQXIDFWXUHG#E\# WKH# UHFRQILJXULQJ
FRPSDQ\#RU#E\#D#FRPSHWLWRU1
3URGXFW#FRVW#DIIHFWV#WKH#IHDVLELOLW\#RI#UHFRQILJXUDWLRQ/

DV# LW#FDQ#EH#PRUH#HFRQRPLFDO# WR#EX\#D#QHZ# LQH[SHQVLYH
SURGXFW#LQGLYLGXDO#WKDQ#WR#UHFRQILJXUH#DQ#ROG#RQH1
/LIHWLPH#RI#SURGXFW#LQGLYLGXDOV#LV#DQRWKHU#IDFWRU#WKDW

DIIHFWV#UHFRQILJXUDWLRQ1#3URGXFW#LQGLYLGXDOV#ZLWK#ORQJ#OLIH
WLPHV#DQG#KLJK#FRVW#DUH# W\SLFDOO\# LQYHVWPHQWV/#ZKLFK#DUH
RIWHQ#PRGHUQLVHG#DW# VRPH#SRLQW1#5HFRQILJXUDWLRQ# LV# VHO0
GRP# UHOHYDQW# IRU# FRPPRGLW\# SURGXFWV# GXH# WR# VKRUW# OLIH
WLPHV#DQG#ORZ#FRVW#RI#SURGXFW#LQGLYLGXDOV1
7KH# UDWH# RI# WHFKQRORJLFDO# FKDQJH# DOVR# UHIOHFWV# RQ

UHFRQILJXUDWLRQ²WKH#KLJKHU# WKH# UDWH/# WKH#PRUH#SUREOHP0
DWLF# WKH#PDQDJHPHQW#RI# UHFRQILJXUDWLRQ# LV1#$#YHU\# KLJK
FKDQJH# UDWH# FDQ# PDNH# UHFRQILJXUDWLRQ# XQIHDVLEOH# E\
TXLFNO\#RXWGDWLQJ#PRVW#RI#WKH#SURGXFW#DQG#WKXV#UHTXLULQJ
WKH#FKDQJHV#WR#DOPRVW#HYHU\#FRPSRQHQW1#7KLV#LV#FXUUHQWO\
WKH#VLWXDWLRQ#IRU#PRGHUQLVDWLRQ#RI#SHUVRQDO#FRPSXWHUV1

Experiences and Modes of Reconfiguration
1H[W/#ZH#EULHIO\#GHVFULEH#GLIIHUHQW#PRGHV#RI# UHFRQILJX0
UDWLRQ#DQG#RXU#H[SHULHQFHV# LQ#57#)LQQLVK#FRPSDQLHV# WKDW
PDQXIDFWXUH#FRQILJXUDEOH#RU#SDUWLDOO\#FRQILJXUDEOH#SURG0
XFWV1#7KH# H[SHULHQFHV#ZHUH#JDWKHUHG# LQ# WKH#SHULRG# IURP
4<<7# WR#4<<<1#:H#KDYH#PDGH#D#FRQILJXUDWLRQ# VXUYH\#RI
WHQ# FRPSDQLHV# >;@/# D#GHVLJQ# IRU# FRQILJXUDWLRQ# VXUYH\# LQ
VHYHQ# FRPSDQLHV# DQG# FRRSHUDWHG#ZLWK# VRPH# RI# WKH# VXU0
YH\HG# DQG# VHYHUDO#RWKHU# FRPSDQLHV# LQ# UHVHDUFK# SURMHFWV
DGGUHVVLQJ# SURGXFW# GDWD# PDQDJHPHQW/# FRQILJXUDWLRQ# RU
GHVLJQ#IRU#FRQILJXUDWLRQ1
7KH# LPSRUWDQFH# RI# UHFRQILJXUDWLRQ# YDULHG1# )LIWHHQ

FRPSDQLHV# VXSSRUWHG# UHFRQILJXUDWLRQ# LQ# VRPH# IRUP1
+RZHYHU/#RQO\#VL[#RI# WKHP#FRQVLGHUHG# UHFRQILJXUDWLRQ#D
VLJQLILFDQW# EXVLQHVV1#7KHVH# FRPSDQLHV# RSHUDWHG# LQ# WHOH0
FRPPXQLFDWLRQV/# KHDY\#PDFKLQHU\# +7,/# DQG#PHGLFDO# LQ0
VWUXPHQWDWLRQ1#:H# QH[W# GHVFULEH# ILYH# PRGHV# RI# UHFRQ0
ILJXUDWLRQ# DQG# GLVFXVV# WKH# UHODWHG# H[SHULHQFHV1# 1RW# DOO
FDWHJRULHV# DUH#PXWXDOO\# H[FOXVLYH/# L1H1/# VRPH# FRPSDQLHV
EHORQJHG#WR#PRUH#WKDQ#RQH#FDWHJRU\1
1R# UHFRQILJXUDWLRQ1#&RPSDQLHV# WKDW# GR# QRW# VXSSRUW

UHFRQILJXUDWLRQ# EHORQJ# WR# WKLV# FDWHJRU\1#(OHYHQ# FRPSD0
QLHV#KDG#QR#UHFRQILJXUDWLRQ1
3URMHFW1#5HFRQILJXUDWLRQ#LV#D#SDUW#RI#DIWHU0VDOHV#RSHUD0

WLRQV/# EXW# LW# LV# QRW# V\VWHPDWLFDOO\# VXSSRUWHG1# &RQVH0

TXHQWO\/# VHSDUDWH# SURMHFWV# GHVLJQ# DQG# LPSOHPHQW# WKH
QHHGHG#PRGLILFDWLRQV/#ZKLFK#PDNHV# UHFRQILJXUDWLRQ# H[0
SHQVLYH1# ,Q# FDVH# RI# H[SHQVLYH# LQYHVWPHQW# SURGXFWV/# WKH
FRVWV#PD\# VWLOO#EH# MXVWLILHG1#7KLV# FDWHJRU\#ZDV# FRPPRQ
IRU# FRPSDQLHV# +<,# ZKR# KDG# VRPH# UHFRQILJXUDWLRQ# RU
PDQXIDFWXUHG#RQH0RI0D0NLQG#SURGXFWV1
5HFRQILJXUDWLRQ# SDFNDJHV1# ,Q# RUGHU# WR# UHGXFH# WKH

DPRXQW#RI#GHVLJQ#ZRUN# LQ# UHFRQILJXUDWLRQ/# WKH#FRPSDQ\
GHYHORSV#UHFRQILJXUDWLRQ#SDFNDJHV1#7KH# LGHD# LV# WR# LGHQ0
WLI\#SRVVLELOLWLHV#IRU#UHFRQILJXUDWLRQ#DQG#SDFNDJH#WKH#QHF0
HVVDU\#PRGLILFDWLRQV#LQWR#UHXVDEOH#SDFNDJHV1#$FWLYH#PDU0
NHWLQJ# RI# UHFRQILJXUDWLRQ# SDFNDJHV# LPSOLHV# VLJQLILFDQFH
RI# UHFRQILJXUDWLRQ1# 7KUHH# KHDY\# PDFKLQHU\# FRPSDQLHV
ZLWK# VLJQLILFDQW# UHFRQILJXUDWLRQ# XVHG# UHFRQILJXUDWLRQ
SDFNDJHV#DQG#ILYH#RWKHUV#KDG#VRPH#IRUP#RI#UHFRQILJXUD0
WLRQ#SDFNDJHV1#)RU# H[DPSOH/# W\SLFDO# UHFRQILJXUDWLRQ#RS0
HUDWLRQV# IRU# DQ# HOHYDWRU#PDQXIDFWXUHU# LQFOXGHG#PRGHUQ0
LVLQJ# GRRUV/# XSJUDGLQJ# FRQWURO# V\VWHPV# DQG# RUJDQLVLQJ
VHSDUDWH#HOHYDWRUV#LQWR#DQ#HOHYDWRU#JURXS1
6\VWHPDWLF1# ,Q# V\VWHPDWLF# UHFRQILJXUDWLRQ/# D# VLJQLIL0

FDQW#SURSRUWLRQ#RI#QHZ#IHDWXUHV#LV#RIIHUHG#WR#ROG#SURGXFW
LQGLYLGXDOV1# 7KLV# QHFHVVLWDWHV# GHVLJQ# RI# WKH# SURGXFW# WR
VXSSRUW# WKLV# SULQFLSOH/# W\SLFDOO\# LQ# D# PRGXODU# PDQQHU1
7KH#QHZ#IHDWXUHV#DQG#RWKHU#GHYHORSPHQWV#WR#WKH#SURGXFW
DUH# LQWURGXFHG# DQG# GRFXPHQWHG# LQ# D# GLVFLSOLQHG# ZD\1
6\VWHPDWLF# UHFRQILJXUDWLRQ# LV#EDVHG#RQ# D# VWUDWHJLF#GHFL0
VLRQ1#2QH#RI#WKH#FRPSDQLHV#EHORQJHG#WR#WKLV#FDWHJRU\1#,WV
VXFFHVV#UHOLHG#VLJQLILFDQWO\#RQ#WKH#FXVWRPHUV¶#FRQILGHQFH
RQ# ODWHU# H[WHQVLRQ# SRVVLELOLWLHV# WR# WKH# V\VWHP1# 7KLV# DS0
SOLHG#HYHQ#WR#QHZ#IHDWXUHV#QRW#DYDLODEOH#DW#WKH#WLPH#RI#WKH
ILUVW#SXUFKDVH1
$XWRPDWLF1#,Q#WKLV#VSHFLDO#FDWHJRU\/#UHFRQILJXUDWLRQ#LV

DXWRPDWLF1#7KH#EDVH#SURGXFW#DQG#FUXFLDO#FRPSRQHQWV#DUH
GHVLJQHG# VR# WKDW# UHFRQILJXUDWLRQ# LV# HDV\# RU# HYHQ# WULYLDO
SRVVLEO\# EHFDXVH# RI# EXLOW0LQ# µLQWHOOLJHQFH¶1# µ3OXJ# DQG
SOD\¶#FRPSXWHUV#FDQ#EH#FRQVLGHUHG#DXWRPDWLFDOO\# UHFRQ0
ILJXUDEOH#ZLWK#UHVSHFW#WR#H[SDQVLRQ#FDUGV1#$QRWKHU#VPDOO0
VFDOH# H[DPSOH# LV#6/5# FDPHUDV#ZLWK# DWWDFKDEOH# DFFHVVR0
ULHV1#7KH# LQWHUIDFH#EHWZHHQ# OHQVHV#DQG# WKH# FDPHUD#ERG\
KDV# LQ# VRPH#PDNHV# EHHQ#PDLQWDLQHG# IRU# GHFDGHV/# WKXV
DOORZLQJ#WKH#XVH#RI#ROG#OHQVHV#ZLWK#WKH#QHZHVW#ERG\/#SHU0
KDSV# ZLWK# VRPH# ORVW# IXQFWLRQDOLW\/# VXFK# DV/# DXWRPDWLF
IRFXVLQJ1# 7ZR# FRPSDQLHV# SURGXFHG# SURGXFWV# WKDW# ZHUH
FDSDEOH#RI#SDUWLDO#DXWRPDWLF#UHFRQILJXUDWLRQ1

Implications of our experiences
&RQILJXUDWLRQ#PRGHOV# FKDQJH1# 7KH# FKDQJHV# QHHG# WR# EH
PDQDJHG# WR#FRQWURO#DQG# UHFRUG#ZKLFK# W\SHV#RI#SURGXFWV
ZHUH#VROG#DW#D#JLYHQ# WLPH1#7KH#FKDQJHV#DUH#QRW#RQO\#DG0
GLWLYH>#FRPSRQHQW# W\SHV#PD\#EH# UHPRYHG# IURP# WKH#FRQ0
ILJXUDWLRQ#PRGHOV#DQG#VRPH#GHSHQGHQFLHV#EHWZHHQ#FRP0
SRQHQW# W\SHV#PD\# FHDVH# WR# EH# YDOLG1#$# VWUDLJKWIRUZDUG
DSSURDFK# WR# WKH#HYROXWLRQ#RI#FRQILJXUDWLRQ#NQRZOHGJH# LV
WR#UHWDLQ#YHUVLRQV#RI#WKH#ZKROH#PRGHO1#$#PRUH#DGYDQFHG
PHWKRG# LV# WR# WLPH# VWDPS#YHUVLRQV#RI#PRUH#GHWDLOHG#FRQ0
FHSWV/#VXFK#DV/#FRPSRQHQW#W\SHV#DQG#WKHLU#UHODWLRQV1
0RVW#DSSURDFKHV#WR#FRQILJXUDWLRQ#VHHP#WR#DVVXPH#WKDW

UHFRQILJXUDWLRQ# FDQ#EH# DFFRPSOLVKHG#XVLQJ# VLPLODU# FRQ0
ILJXUDWLRQ#PRGHOV# DV# WKH# FRQILJXUDWLRQ# RI# QHZ# SURGXFW
LQGLYLGXDOV1#,Q#RWKHU#ZRUGV/#DVVXPH#FRQILJXUDWLRQ#PRGHOV



&04#DQG#&05#WKDW#ZHUH#YDOLG#DW#WLPHV#W4#DQG#W5/#W4á#W5/#DQG
D#FRQILJXUDWLRQ#F#WKDW#ZDV#FRQILJXUHG#DW#WLPH#W4#DFFRUGLQJ
WR#&041#$W# WLPH# W5# LW#ZRXOG#EH# HQRXJK# WR# ORDG# F# WR# WKH
FRQILJXUDWRU# DQG# UHFRQILJXUH# LW# DFFRUGLQJ# WR# &051#:H
IHHO#WKDW#WKLV#LV#LPSRVVLEOH#LQ#WKH#JHQHUDO#FDVH1
7KH#FRPSDQLHV#ZH#KDYH#ZRUNHG#ZLWK#KDYH#GHFLGHG# WR

RSHUDWH#ZLWK# WKH# FXUUHQW# FRQILJXUDWLRQ# NQRZOHGJH# RQO\
DQG# KDQGOH# UHFRQILJXUDWLRQ# VHSDUDWHO\1# $# FRQILJXUDWLRQ
PRGHO#LV#XVHG#IRU#FRQILJXULQJ#QHZ#SURGXFWV#DQG#FRQVLVWV
RI#VXUIDFH#NQRZOHGJH1#7KLV#PHDQV#WKDW# WKH#FRQILJXUDWLRQ
PRGHO#DEVWUDFWV#DZD\# VHYHUDO# LVVXHV# WKDW#PD\# DIIHFW# WKH
YDOLGLW\# RI# SRVVLEOH# FRQILJXUDWLRQV1# 7KHVH# LQFOXGH# WKH
DFWXDO#EHKDYLRXU#RI#FXUUHQW# LQ#D#FLUFXLW/#H[LVWHQFH#RI#PL0
QRU#FRPSRQHQWV/#PRVW#FRQQHFWLRQV#EHWZHHQ#FRPSRQHQWV
DV#ZHOO#DV# WKH#FRPSDWLELOLW\#RI#GLIIHUHQW#FRPSRQHQW#YHU0
VLRQV1#2WKHUZLVH/#WKH#FRQILJXUDWLRQ#PRGHO#ZRXOG#EHFRPH
PXFK# WRR# FRPSOH[1# $V# D# UHODWHG# ZRUN/# 6WXPSWQHU# DQG
:RWDZD#>8@#DOVR#VHSDUDWH#UHFRQILJXUDWLRQ#IURP#³FRQYHQ0
WLRQDO#FRQILJXUDWLRQ#IURP#VFUDWFK´1
:KHQ# WKH# SURGXFW# HYROYHV/# WKH# DVVXPSWLRQV#PDGH# LQ

WKH#DEVWUDFWLRQ#PD\#QR#ORQJHU#KROG1#2QH#QHHGV#WR#FKDQJH
VRPH#RI#WKH#DVVXPSWLRQV#EHKLQG#WKH#FRQILJXUDWLRQ#PRGHO
WR#FDSWXUH#DOO#WKH#UHOHYDQW#LVVXHV1#7KLV#LPSOLHV#WKDW#F#FDQ0
QRW#EH# FRQVLGHUHG# WR# FRQIRUP# WR#&05# VLQFH# LW# GRHV# QRW
UHSUHVHQW# WKH# VDPH# SURGXFWV# DV# &041# 7KH# TXHVWLRQ# LV=
³FDQ#F#EH#FKDQJHG#WR#FRQIRUP#WR#WKH#YLHZ#RI#&05"´
6RPH#UHVHDUFKHUV#KDYH#HPSKDVLVHG# WKH#GHSWK#RI#PRG0

HOOLQJ# LQ#DOOHYLDWLQJ# WKLV#SUREOHP1#:KLOH#ZH#EHOLHYH# WKDW
GHHSHU#PRGHOOLQJ# FDQ# UHGXFH# WKH# SUREOHP/# HVSHFLDOO\# LI
UHVRXUFHV# FDQ# EH# IRXQG# IRU# ³PRGHOOLQJ# IURP# WKH# ILUVW
SULQFLSOHV´/# WKH# SUREOHP# ZLOO# FRPH# XS# HYHQWXDOO\1# $G0
YDQFHV# LQ# WHFKQRORJ\# ZLOO# SUREDEO\# HYROYH# EH\RQG# WKH
VFRSH# RI# WKH# RULJLQDO# DEVWUDFWLRQ/# XQOHVV# LW# LV# EDVHG# RQ
YHU\#GHWDLOHG#ILUVW#SULQFLSOHV#GHULYHG#IURP#SK\VLFV1#/RZ0
SURILW#RU#VLPSOHU#SURGXFWV#GR#QRW#QHFHVVDULO\#DOORZ#GHHS
PRGHOOLQJ#VLQFH# WKH#HIIRUW#ZRXOG#EH# WRR#FRVWO\1#$#EHWWHU
WUDGH0RII#PD\#EH#IRXQG#E\#PRGHOOLQJ#ZLWK#OHVV#GHSWK#EXW
V\VWHPL]LQJ# WKH# FKDQJHV#EHWZHHQ# FRQILJXUDWLRQ#PRGHOV1
7KH# FRQFHSWXDO# PRGHO# ZH# SUHVHQW# LQ# WKH# QH[W# VHFWLRQ
WDNHV#WKLV#DSSURDFK1

Conceptual Model

,Q# WKLV#VHFWLRQ/#ZH#SUHVHQW#DQ#DEVWUDFW#FRQFHSWXDO#PRGHO
RI# UHFRQILJXUDWLRQ# WDVNV#DQG# WKH#NQRZOHGJH# UHTXLUHG# IRU
UHFRQILJXUDWLRQ1#7KH#PRGHO#GRHV#QRW#GHILQH#KRZ#H[DFWO\
WKH# UHFRQILJXUDWLRQ# NQRZOHGJH# LV# UHSUHVHQWHG# EXW# WKH
EDVLF#NQRZOHGJH# HOHPHQWV# DQG# WKHLU# LQWHUDFWLRQV# DUH# LQ0
FOXGHG1# 7KLV# JHQHUDOLW\# DOORZV# H[WHQGLQJ# WKH# PRGHO# WR
VXLW#WKH#QHHGV#RI#D#SDUWLFXODU#DSSOLFDWLRQ#GRPDLQ1

Reconfiguration Task
:H#GHILQH#WKH#UHFRQILJXUDWLRQ#WDVN#DV=
*LYHQ# DQ# H[LVWLQJ# SURGXFW# LQGLYLGXDO/# D# VHW# RI# UH0
TXLUHPHQWV#DQG#D#UHFRQILJXUDWLRQ#PRGHO/
SURYLGH# D#PRGLILHG# SURGXFW# LQGLYLGXDO# IXOILOOLQJ# WKH
UHTXLUHPHQWV#DQG#WKH#QHFHVVDU\#FKDQJHV/
VXFK#WKDW/#ERWK#WKH#LQGLYLGXDO#DQG#WKH#FKDQJHV#DUH#FRU0
UHFW#ZLWK#UHVSHFW#WR#WKH#UHFRQILJXUDWLRQ#PRGHO1

,Q# DGGLWLRQ/# WKH# PRGLILHG# SURGXFW# LQGLYLGXDO# DQG# WKH
FKDQJHV# VKRXOG#EH#RSWLPDO# LQ# WKH# VHQVH# WKDW#DV#PXFK#DV
SRVVLEOH#RI#WKH#H[LVWLQJ#SURGXFW#LQGLYLGXDO#LV#UHWDLQHG#DQG
QR#XQQHFHVVDU\#RU#XQZDQWHG#FKDQJHV#DUH#PDGH1#:LWKRXW
WKHVH# UHTXLUHPHQWV/# WKH# GHILQLWLRQ# ZRXOG# DOORZ# VXFK
SDWKRORJLFDO# UHFRQILJXUDWLRQV# DV# VFUDSSLQJ# WKH# ZKROH
H[LVWLQJ# SURGXFW# LQGLYLGXDO# DQG# FRQILJXULQJ# D# QHZ# RQH
IURP# VFUDWFK1# 6RPHWLPHV# WKLV#PD\# EH# WKH# RQO\# ZD\# WR
VDWLVI\#WKH#QHZ#UHTXLUHPHQWV²DQG#HYHQ#IHDVLEOH/#H1J1/#LQ
FDVH#RI#VRIWZDUH#RU#RWKHU#SURGXFWV#ZLWK#ORZ#PDQXIDFWXU0
LQJ#FRVWV1#+RZHYHU/#WKH#RSWLPDOLW\#FULWHULRQ# LV#QHHGHG# WR
FRYHU#FDVHV#LQ#ZKLFK#WKLV#LV#QRW#GHVLUHG1

Reconfiguration Knowledge
0DQDJLQJ#FRQILJXUDWLRQ#PRGHOV#DQG#FRQILJXUDWLRQV#RYHU
WLPH#UHTXLUHV#H[WHQGLQJ# WKH#FRQFHSWV#XVHG#IRU#UHSUHVHQW0
LQJ# FRQILJXUDWLRQ#NQRZOHGJH# +IRU# D#XQLILHG# FRQFHSWXDOL0
]DWLRQ#RI# FRQILJXUDWLRQ#NQRZOHGJH/# VHH# ><@,1#7KH# H[WHQ0
VLRQV# LQFOXGH# YHUVLRQV# RI# FRPSRQHQW# W\SHV# DQG# RWKHU
NQRZOHGJH# HOHPHQWV/# HIIHFWLYLW\# RI# YHUVLRQV/# DQG# RWKHU
FRQFHSWV#UHODWHG#WR#FRQILJXUDWLRQ#PDQDJHPHQW#DQG#SURG0
XFW#GDWD#PDQDJHPHQW1#,Q#DGGLWLRQ/#LW#PD\#EH#QHFHVVDU\#WR
UHSUHVHQW#PDQXIDFWXULQJ# RU#PDLQWHQDQFH# UHODWHG# NQRZO0
HGJH#VXFK#DV#VHULDO#QXPEHUV1
,Q#UHFRQILJXUDWLRQ#UHSUHVHQWDWLRQ/#ZH#DVVXPH# WZR# ODQ0

JXDJHV=#&5#DQG#&05#IRU#UHSUHVHQWLQJ#DXJPHQWHG#FRQILJX0
UDWLRQV# DQG# DXJPHQWHG# FRQILJXUDWLRQ# PRGHOV/# UHVSHF0
WLYHO\1#7KH#ODQJXDJHV#&#DQG#&0#XQGHUO\LQJ#WKHVH#FDQ#EH
DQ\# ODQJXDJHV# XVHG# IRU# UHSUHVHQWLQJ# FRQILJXUDWLRQV# DQG
FRQILJXUDWLRQ#PRGHOV1# 7KH# DXJPHQWHG# YHUVLRQV# FRQWDLQ
DGGLWLRQDOO\#WKH#FRQFHSWV#IRU#UHFRQILJXUDWLRQ1
$V#XVXDO/#ZH#FRQVLGHU#D# ODQJXDJH#HTXLYDOHQW#ZLWK# WKH

VHW# RI# VHQWHQFHV# EHORQJLQJ# WR# WKH# ODQJXDJH1#8QGHU# WKLV
YLHZ/# HDFK# +DXJPHQWHG,# FRQILJXUDWLRQ# FU# EHORQJV# WR#&5
DQG# HDFK# UHFRQILJXUDWLRQ# PRGHO# PU# WR# &05/# IRUPDOO\/
FU#�#&5#DQG#PU#�#&051
$#UHFRQILJXUDWLRQ#PRGHO#PU#FRQVLVWV#RI#WZR#SDUWV=

0 $# VHW# RI# UHFRQILJXUDWLRQ# RSHUDWLRQV/# GHQRWHG# E\#PUR/
WKDW#GHILQHV# WKH#SRVVLEOH#FKDQJHV# WR#FRQILJXUDWLRQV1#$
UHFRQILJXUDWLRQ# RSHUDWLRQ# FRQVLVWV# RI# D# SUHFRQGLWLRQ
DQG#DQ#DFWLRQ1#7KH#RSHUDWLRQ#FDQ#EH#DSSOLHG# WR#D#FRQ0
ILJXUDWLRQ# LI# LW# VDWLVILHV# WKH# SUHFRQGLWLRQ1# 7KH# DFWLRQ
GHILQHV# WKH# FKDQJH# RQ# WKH# FRQILJXUDWLRQ1# 7\SLFDO# DF0
WLRQV# LQFOXGH#DGGLQJ/# UHPRYLQJ#DQG# UHSODFLQJ#FRPSR0
QHQW#LQGLYLGXDOV#RU#UHODWLRQV#EHWZHHQ#WKHP1

0 $# VHW# RI# UHFRQILJXUDWLRQ# LQYDULDQWV/# GHQRWHG# E\# PUL/
WKDW# GHILQHV# WKH# LQYDULDQW# FRQGLWLRQV# WKDW# FRQILJXUD0
WLRQV#PXVW#VDWLVI\#WR#EH#FRUUHFW1

,QWXLWLYHO\/# WKH# UHFRQILJXUDWLRQ#RSHUDWLRQV#ERWK# OLPLW# WKH
SRVVLEOH# FKDQJHV# DQG#GHVFULEH# WKH# FKDQJHV1# ,Q# DGGLWLRQ/
WKHLU#SUHFRQGLWLRQV# FDQ# FRQWURO# WKH#RUGHU#RI# FKDQJHV1# ,Q
FRQWUDVW/#UHFRQILJXUDWLRQ#LQYDULDQWV#VSHFLI\#WKH#FRQGLWLRQV
WKDW#PXVW# KROG# DFURVV# DQG# EHWZHHQ# DOO# YHUVLRQV# RI# FRQ0
ILJXUDWLRQ#PRGHOV/#LQGHSHQGHQWO\#RI#WKH#RSHUDWLRQV1
,Q#RUGHU#WR#UHSUHVHQW#WKH#RSHUDWLRQV#PUR#DQG# LQYDULDQWV

PUL#RI#D#UHFRQILJXUDWLRQ#PRGHO#PU/#ZH#GHILQH#&05#WR#FRQ0
VLVW#RI#WZR#VXEODQJXDJHV#&052#DQG#&05,1



0 &052#FRQVLVWV#RI#UHFRQILJXUDWLRQ#RSHUDWLRQV#U#RI#IRUP
¢S/#D²/#ZKHUH#SUHFRQGLWLRQ#S#�#&05,#DQG#D# LV#D#GHWHU0
PLQLVWLF#DFWLRQ1#$Q#DFWLRQ#D# LV# IRUPDOO\#D# IXQFWLRQ#D=
&5o#&5/#L1H1/#LW#PDSV#DQ#LQLWLDO#FRQILJXUDWLRQ#WR#D#ILQDO
FRQILJXUDWLRQ1#:H#GHQRWH# WKH#IDFW# WKDW#FU5# LV# WKH#UHVXOW
RI#DSSO\LQJ# WKH#DFWLRQ#D#RI#RSHUDWLRQ#U# WR#FU4#E\#FU5# 
D+FU4,/#DQG#XVH#VKRUWKDQG#IRUP#FU5# #U+FU4,#IRU#WKLV1#1RWH
WKDW#ZH#GR#QRW#DVVXPH# WKDW#UHFRQILJXUDWLRQ#RSHUDWLRQV
DUH#DWRPLF1#7KH\#PD\#FKDQJH# WKH#FRQILJXUDWLRQ# LQ#DU0
ELWUDU\#ZD\V# DV# ORQJ# DV# WKH# UHVXOWLQJ# FRQILJXUDWLRQ# LV
XQLTXHO\#GHWHUPLQHG1

0 &05,# LV#DQ\#VXLWDEOH# ODQJXDJH# IRU#GHILQLQJ#FRQGLWLRQV
RQ# D# FRQILJXUDWLRQ1# $# FRQGLWLRQ# PD\/# IRU# H[DPSOH/
VWDWH#WKDW#WKHUH#LV#D#FRPSRQHQW#LQGLYLGXDO#RI#JLYHQ#W\SH
DQG#YHUVLRQ# LQ# WKH# FRQILJXUDWLRQ/#PD\EH# LQ# D# VSHFLILF
UHODWLRQ#WR#DQRWKHU#FRPSRQHQW#LQGLYLGXDO1

$V#DQ#H[DPSOH#IURP#WKH#FDVH#FRPSDQ\/#ZH#GLVFXVV#KHUH#D
UHFRQILJXUDWLRQ#RSHUDWLRQ#U# WKDW#DGGV# WR#D#SURGXFW#D#QHZ
IHDWXUH#FDOOHG#µUHFRUG#NHHSLQJ¶1#7KH#RSHUDWLRQ#LV#DFWXDOO\
GLYLGHG# LQWR#IRXU#VLPLODU#FDVHV1#(DFK#FDVH#KDV#D#SUHFRQ0
GLWLRQ/#IRU#H[DPSOH/#S# #³WKH#SURGXFW#KDV#PRGXOHV#%DVH4
DQG#6<9´1#7KH#FRUUHVSRQGLQJ#XSJUDGH#DFWLRQ# LV#D# #³UH0
SODFH#%DVH4# E\#%DVH6# DQG# 6<9# E\# 6$<</# DGG#.4# DQG
.4&´1#7KH# RWKHU# WKUHH# FDVHV# DUH# VLPLODU# GHVFULELQJ# WKH
RSHUDWLRQ#IRU#RWKHU#FRPELQDWLRQV#RI#%DVH#DQG#6#PRGXOHV1
,Q# DGGLWLRQ/# WKHUH# ZHUH# LQYDULDQW# FRQGLWLRQV# VXFK# DV
³6$<<#UHTXLUHV#0#YHUVLRQ#513#RU#KLJKHU´1
)LJXUH#4#SUHVHQWV#WKH#VDPH#H[DPSOH#IRU#D#VDPSOH#LQGL0

YLGXDO# F1#7KH# LQGLYLGXDO# KDV#EHHQ# FRQILJXUHG# DFFRUGLQJ
WR#D#FRQILJXUDWLRQ#PRGHO#DQG# WKHQ#PDQXIDFWXUHG1#%DVHG
RQ# WKLV# LQIRUPDWLRQ# WKH#DXJPHQWHG#UHSUHVHQWDWLRQ# LV#FUH0
DWHG1# 7KH# SUHFRQGLWLRQ# RI# WKH# RSHUDWLRQ# U# LV# HYDOXDWHG
DJDLQVW#F#DQG#VLQFH#F#VDWLVILHV#WKH#SUHFRQGLWLRQ/#WKH#DFWLRQ
D# FDQ# EH# DSSOLHG1# ,QGLYLGXDO# F# LV#PRGLILHG# DFFRUGLQJO\
DQG# LV#QR# ORQJHU# D# FRQILJXUDWLRQ# WR#ZKLFK# U# FDQ#EH# DS0
SOLHG1

Redefinition of reconfiguration task
,Q# RUGHU# WR# GHILQH# WKH# UHFRQILJXUDWLRQ# WDVN# PRUH# SUH0
FLVHO\/#ZH#ILUVW#GHILQH#ZKHQ#D#FRQILJXUDWLRQ#VDWLVILHV#D#VHW
RI#FRQGLWLRQV/#ZKHQ#D#UHFRQILJXUDWLRQ#RSHUDWLRQ# LV#DSSOL0
FDEOH#WR#D#FRQILJXUDWLRQ#DQG#WKH#FRQFHSW#RI#D#VHTXHQFH#RI
UHFRQILJXUDWLRQ# RSHUDWLRQV1#:H# IXUWKHU# GHILQH# DW# DQ# DE0
VWUDFW#OHYHO#WKH#RSWLPDOLW\#RI#UHFRQILJXUDWLRQ#RSHUDWLRQV1
:H#DVVXPH# WKDW# WKHUH# LV#D# UHODWLRQ#³VDWLVILHV´#RQ#FRQ0

ILJXUDWLRQV# DQG# FRQGLWLRQV/#GHQRWHG#E\#_#�#&5#u#&05,/
XVXDOO\#XVHG# LQ# LQIL[# IRUP1#7KLV# UHODWLRQ#GHILQHV#ZKHQ#D
FRQILJXUDWLRQ# VDWLVILHV# D# VHW# RI# FRQGLWLRQV# DFFRUGLQJ# WR
WKH#VHPDQWLFV#RI#WKH#ODQJXDJH#&05,1#:H#VD\#WKDW#D#UHFRQ0
ILJXUDWLRQ#RSHUDWLRQ#U# #¢S/#D²#LV#DSSOLFDEOH#WR#D#FRQILJX0
UDWLRQ#FU4#ZLWK#UHVXOW#FU5#LII#FU4_#S#DQG#FU5 #U+FU4,1
$# VHTXHQFH# RI# UHFRQILJXUDWLRQ# RSHUDWLRQV# LV# RI# IRUP

+U4/#«/#UQ,# # +¢S4/#D4²/#«/# ¢SQ/#DQ²,#DQG# LV#DSSOLFDEOH# +LQ
RUGHU#IURP#U4# WR#UQ,# WR#D#FRQILJXUDWLRQ#FU4#ZLWK# WKH#UHVXOW
FU5/#GHQRWHG#DV#FU5# #+U4/#«/#UQ,+FU4,/#LII#WKH#IROORZLQJ#FRQ0
GLWLRQV#KROG
+L,# IRU#DOO#L#?#Q/#WKHUH#H[LVWV#FL/#FL.4#�#&5#V1W1

FL_#SL#DQG#FL.4# #UL+FL,
+LL,# FU4# #F4
+LLL,# FQ_#SQ#DQG#FU5# #UQ+FQ,

:H#DVVXPH#WKH#H[LVWHQFH#RI#D#YDOXH#IXQFWLRQ#Y#WKDW#JLYHV
D#YDOXH#WR#D#FRPELQDWLRQ#RI#D#VHTXHQFH#RI#RSHUDWLRQV#DQG
WKH#FKDQJH#EHWZHHQ# WKH#H[LVWLQJ#DQG#VROXWLRQ#FRQILJXUD0
WLRQ1#7KLV#IXQFWLRQ#LV#QHHGHG#WR#GHILQH#WKH#RSWLPDOLW\#RI#D
VROXWLRQ# WR# UHFRQILJXUDWLRQ# WDVN1# ,WV#SUHFLVH#GHILQLWLRQ# LV
GHSHQGHQW#RQ#WKH#DSSOLFDWLRQ#GRPDLQ/#EXW#ZH#DVVXPH#IRU
VLPSOLFLW\#WKDW#IRU#DQ\#?FU4/#FU5/#+U4/#«/#UQ,!#VXFK#WKDW#FU5
 #+U4/#«/#UQ,+FU4,#LW#SURYLGHV#D#XQLTXH#YDOXH1#:H#QRWH#WKDW
LW#PD\#QRW#EH#HQRXJK#WR#SURYLGH#D#VROXWLRQ#WKDW#LV#RSWLPDO
ZLWK#UHVSHFW# WR# WKH#VHTXHQFH#RI#RSHUDWLRQV/#DV# LW#PD\#EH
WKDW# WKH# UHVXOWLQJ# FRQILJXUDWLRQ# LV# QRW# DFFHSWDEOH# WR# WKH
FXVWRPHU1#6LPLODUO\/#WKH#VHTXHQFHV#RI#FKDQJHV#OHDGLQJ#WR
DQ# RSWLPDOO\#PRGLILHG# FRQILJXUDWLRQ#PD\# EH# XQDFFHSW0
DEOH1#,W#ZRXOG#VHHP#UHDVRQDEOH/#WKDW#WKH#RSWLPDOLW\#FULWH0
ULD#LQFOXGHV#VRPH#IRUPV#RI#WKH#IROORZLQJ#SULQFLSOHV=

Augmented description
of individual c =

Base1, S96, M-rev1.0, ...

Reconfiguration
operation r = <p,a>
<“Base1 and S96”,
“replace Base1…”>

Configuration model

Reconfiguration model

Individual c updated
by r, i.e., a(c) =

Base3, S99, K1, K1C
M-rev2.0...

Individual c 
‘as-configured’

Manufacturing view

Individual c 
‘as-manufactured

Product 
Individuals

Models

Figure 1. Sample reconfiguration operation.



0 DV# IHZ# RU# LQH[SHQVLYH# WKLQJV# DV# SRVVLEOH# VKRXOG# EH
FKDQJHG/#H[SUHVVHG#DV#+SRVVLEO\#D#IXQFWLRQ#RQ,#WKH#GLI0
IHUHQFH#EHWZHHQ#WKH#RULJLQDO#DQG#UHVXOW#FRQILJXUDWLRQ/

0 DV#IHZ#RU#LQH[SHQVLYH#RSHUDWLRQV#DV#SRVVLEOH#VKRXOG#EH
XVHG#WR#DFFRPSOLVK#WKH#FKDQJH1

:H#QRZ#KDYH# WKH# LQJUHGLHQWV# IRU#D#PRUH#SUHFLVH#GHILQL0
WLRQ#RI#WKH#UHFRQILJXUDWLRQ#WDVN=
*LYHQ=#D#FRQILJXUDWLRQ#FU4#�#&5/#D#VHW#RI#UHTXLUHPHQWV
H[SUHVVHG#DV#D#VHW#RI#FRQGLWLRQV#5#LQ#ODQJXDJH#&05,/#D
YDOXH#IXQFWLRQ#Y#RQ#WKH#FKDQJHV#WR#FU4#DQG#WKH#UHVXOWLQJ
FU5/#DQG#D#UHFRQILJXUDWLRQ#PRGHO#PU#LQ#ODQJXDJH#&05/
L1H1/#PU#FRQVLVWLQJ#RI#RSHUDWLRQV#PUR#DQG#LQYDULDQWV#PUL

3URYLGH=#D#PRGLILHG#FRQILJXUDWLRQ#FU5#DQG#D#VHTXHQFH
RI# UHTXLUHG# FKDQJHV# +U4/#«/# UQ,# ZKHUH# HDFK# UL#�PUR/
VXFK#WKDW
+L, FU5_#5
+LL,# FU5# #+U4/#«/#UQ,+FU4,
+LLL, ?FU4/#FU5/#+U4/#«/#UQ,!#LV#RSWLPDO#DFFRUGLQJ#WR#Y
+LY,# FU5_#PUL

1RWH# WKDW# LQYDULDQWV# PD\# EH# EURNHQ# LQ# LQWHUPHGLDWH
VWDWHV1

Discussion

,Q#WKLV#VHFWLRQ/#ZH#FRPSDUH#RXU#FRQFHSWXDO#PRGHO# WR# WKH
SUDFWLFHV#RI#D#FDVH#FRPSDQ\1#:H#WKHQ#GLVFXVV#WKH#JHQHU0
DOLW\#DQG#SURSHUWLHV#RI#WKH#FRQFHSWXDO#PRGHO1

Comparison to Case Company
$# FDVH# FRPSDQ\#KDV#GHILQHG# UHFRQILJXUDWLRQ#RSHUDWLRQV
HDFK# ZLWK# D# SUHFRQGLWLRQ# DQG# DQ# DFWLRQ# VLPLODU# WR# RXU
PRGHO1# 7KH# FDVH# SURGXFW# LV# FRQILJXUHG# IURP# SOXJ0LQ
FRPSRQHQWV# FDOOHG#PRGXOHV1#7KH# UHFRQILJXUDWLRQ#RSHUD0
WLRQV#FRYHU#DOO# WKH#DOORZHG#ZD\V#RI#PRGLI\LQJ# WKH#SURG0
XFW#LQ#D#VLQJOH#VWHS1
7KH#VLPSOHVW#RSHUDWLRQV#RQO\#DGG#QHZ#PRGXOHV/#ZKLFK

LV#SRVVLEOH#EHFDXVH#RI#JXDUDQWHHG#FRPSDWLELOLW\#RI#PRG0
XOHV1#6RPH#PRGXOHV#FDQ#DOVR#EH#XSJUDGHG#WR#SURYLGH#HQ0
KDQFHG# IXQFWLRQV1# 7KH# SUH0FRQGLWLRQV# IRU# PRGXOH# XS0
JUDGHV#DUH#VLPSOH²WKH\#RQO\# UHIHU# WR# WKH#YHUVLRQ#RI# WKH
PRGXOH1
7KH# SURGXFW# DOVR# KDV# PRUH# FRPSOH[# IXQFWLRQDO# XS0

JUDGHV1# 7KHLU# SUH0FRQGLWLRQV# UHIHU# WR# WKH# H[LVWHQFH# RI
FRPSRQHQWV#RI#D#JLYHQ#W\SH#DQG#RFFDVLRQDOO\#DOVR#WR#YHU0
VLRQV# RI# FRPSRQHQWV1# 7KH# DFWLRQV# FRQWDLQ# FRPSRQHQW
DGGLWLRQV/# FRPSRQHQW# UHSODFHPHQWV# DQG# YHUVLRQ# XS0
JUDGHV1#)XUWKHU/#VRPH#UHFRQILJXUDWLRQ#RSHUDWLRQV# UHTXLUH
FKHFNLQJ# WKDW# VLPSOH# DGGLWLRQDO# GHSHQGHQFLHV# DUH# UH0
VSHFWHG1# 7KHVH# GHSHQGHQFLHV# DUH# UHSUHVHQWHG# E\# UHFRQ0
ILJXUDWLRQ#LQYDULDQWV#LQ#RXU#FRQFHSWXDO#PRGHO1
*HQHUDOO\/# WKH# UHFRQILJXUDWLRQ#RSHUDWLRQV#RI# WKH# FRP0

SDQ\# ILW# LQWR# WKH# FRQFHSWXDO#PRGHO1#+RZHYHU/# D# IHZ# UH0
FRQILJXUDWLRQ#RSHUDWLRQV#VSHFLI\#FRQGLWLRQV#LQ#ZKLFK#LW#LV
QHFHVVDU\# WR# FRQWDFW# WKH# FRPSDQ\# IRU# GHWDLOHG# LQVWUXF0
WLRQV1# 1HYHUWKHOHVV/# WKH# QXPEHU# RI# WKHVH# H[FHSWLRQV# LV
VPDOO#DQG#UHFRQILJXUDWLRQ# LV#PRVWO\#SRVVLEOH#ZLWKRXW# WKH
KHOS#RI#SURGXFW#H[SHUWV1

Conceptual Model
7KH#FRQFHSWXDO#PRGHO# LV#JHQHUDO#HQRXJK# WR# LQFOXGH#VHY0
HUDO#PRUH# UHVWULFWHG# UHFRQILJXUDWLRQ# VFHQDULRV# DV# VSHFLDO
FDVHV1#)RU# H[DPSOH/# LQ# WKH#PRGHO# RI# )OHLVKDQGOHU# HW# DO1
>43@#LW#LV#DVVXPHG#WKDW#ERWK#WKH#H[LVWLQJ#SURGXFW#LQGLYLG0
XDO#DQG# WKH#PRGLILHG#SURGXFW# LQGLYLGXDO#PXVW#EH#FRUUHFW
ZLWK# UHVSHFW# WR# WHPSRUDOO\# GLIIHUHQW# FRQILJXUDWLRQ#PRG0
HOV1#:H#GR#QRW#DVVXPH# WKLV/#DOORZLQJ#FRQILJXUDWLRQV# WKDW
PL[# FRPSRQHQWV# LQ# VHYHUDO# YHUVLRQV# RI# FRQILJXUDWLRQ
PRGHOV/#DV# ORQJ#DV# WKH\# UHVSHFW# WKH# LQYDULDQWV# LQ# WKH# UH0
FRQILJXUDWLRQ#PRGHO1#+RZHYHU/#WKH#FRQGLWLRQV#FDQ#UHSUH0
VHQW# HQWLUH# FRQILJXUDWLRQ#PRGHOV/# LQ#ZKLFK# FDVH# WKH# UH0
FRQILJXUDWLRQ#RSHUDWLRQV#FDQ#EH#XVHG#DV#FRQYHUVLRQ#UXOHV
EHWZHHQ# GLIIHUHQW# YHUVLRQV# RI# FRQILJXUDWLRQ# PRGHOV1
6WXPSQHU#DQG#:RWDZD#>8@#GRXEW#WKH#IHDVLELOLW\#RI#³IL[HV´
LQ#PRGHOOLQJ# UHFRQILJXUDWLRQ1#:H/# KRZHYHU/# KDYH# VHHQ
WKDW# UHFRQILJXUDWLRQ#RSHUDWLRQV#RI# WKH# IRUP#GLVFXVVHG# LQ
WKLV#SDSHU#DUH#IHDVLEOH#LQ#SUDFWLFH1
7KH#DSSURDFK#RI# WKH#FDVH#FRPSDQ\#ZKHUH#DOO# WKH#SRV0

VLEOH# UHFRQILJXUDWLRQ# SDFNDJHV# DUH# H[SOLFLWO\# GHILQHG# LV
FRYHUHG#E\#RXU#PRGHO1#$QRWKHU# DSSURDFK# WKDW# VHHPV# WR
EH#LQFOXGHG#LQ#RXU#PRGHO#LV#FDVH#EDVHG#UHDVRQLQJ/#ZKHUH
WKH#SRVVLEOH#PRGLILFDWLRQV# WR# FDVHV# UHWULHYHG# IURP# VROX0
WLRQ#OLEUDU\#FDQ#EH#HQFRGHG#DV#UHFRQILJXUDWLRQ#RSHUDWLRQV1
,Q#IDFW/#RXU#PRGHO#DOVR#VXEVXPHV#FRQILJXUDWLRQ#LI#DOO#RS0
HUDWLRQV#QHHGHG# LQ# FRQVWUXFWLRQ#RI# D# FRQILJXUDWLRQ/# H1J1/
DGGLQJ#D#FRPSRQHQW# WR#FRQILJXUDWLRQ/#DUH#GHILQHG#DV# UH0
FRQILJXUDWLRQ# RSHUDWLRQV1# 7KH# ³H[LVWLQJ# FRQILJXUDWLRQ´
ZRXOG#VLPSO\#EH#HPSW\1#2XU#PRGHO#DOVR#VXEVXPHV#FRQ0
ILJXUDWLRQ# WDVNV#ZKHUH# WKH# UHTXLUHPHQWV# DUH#JLYHQ#XVLQJ
RSWLPDOLW\#FULWHULD# LQVWHDG#RU# LQ# DGGLWLRQ# WR#KDUG# FULWHULD
WKDW#PXVW#EH#VDWLVILHG1
,Q# VRPH#GRPDLQV/# WKH#RUGHULQJ#RI# WKH# UHFRQILJXUDWLRQ

RSHUDWLRQV# LV# FUXFLDO/# VXFK# DV# IRU# FRQILJXULQJ# VRIWZDUH
V\VWHPV#ZKHUH#OLEUDULHV#QHHG#WR#EH#FRPSLOHG#LQ#WKH#RUGHU
LPSOLHG# E\# WKHLU# GHSHQGHQFLHV1# ,Q# FRPSOH[# DQG# ODUJH
SURGXFWV/#VXFK#DV#SDSHU#PDFKLQHV/#RQH#PD\#QHHG# WR#FUH0
DWH#D#JRRG#SODQ# IRU#KRZ# WR#FKDQJH# WKH#SURGXFW1#)RU#H[0
DPSOH/#SK\VLFDO#REVWUXFWLRQV#RU#WKH#QHHG#IRU#IL[LQJ#WKLQJV
WR#HDFK#RWKHU#PDNHV# WKH#RUGHULQJ#D#QRQ0WULYLDO# WDVN1#)RU
VRPH#GRPDLQV/# WKH#RUGHULQJ# LV#QRW#UHOHYDQW#DQG#RQO\# WKH
VHW#RI#FKDQJHV#LV#UHTXLUHG1
:H# UHIUDLQ# IURP# GHILQLQJ# PRUH# SUHFLVHO\# WKH# FRQGL0

WLRQV# WKDW#DQ#RSWLPDO#VHTXHQFH#RI#UHFRQILJXUDWLRQ#RSHUD0
WLRQV# RU# DQ# RSWLPDO# FRQILJXUDWLRQ# VKRXOG# IXOILO1# 7KLV# LV
GXH# WR# VHYHUDO# UHDVRQV1# ,W# LV#QRW# FOHDU# WKDW/# IRU# LQVWDQFH/
FKDQJLQJ#WKH#FRQILJXUDWLRQ#DV#OLWWOH#DV#SRVVLEOH#LV#WKH#GH0
VLUHG# JRDO1# &RPSDQLHV# PD\# ZDQW# WR# UHVWULFW# WKH# VHW# RI
GLIIHUHQW#YHUVLRQV#RI#FRPSRQHQWV# WKDW#DUH# LQ# WKH# ILHOG# WR
KDYH#EHWWHU#FRQWURO#RI#WKH#SURGXFW#DQG#WR#UHVWULFW#WKH#W\SHV
RI#FRPSRQHQWV# WKDW# WKH\#QHHG# WR#NHHS# LQ#VWRFN# IRU#VHUY0
LFLQJ#WKH#SURGXFWV#LQGLYLGXDOV1#7KLV#FDQ#EH#DFFRPSOLVKHG
E\# FKDQJLQJ# WKH#SURGXFWV#PRUH# WKDQ#ZKDW# LV# VWULFWO\# UH0
TXLUHG#ZKHQ#UHFRQILJXULQJ# WKHP/#IRU#H[DPSOH#E\#DOZD\V
XSGDWLQJ# FHUWDLQ# NH\# FRPSRQHQWV# RU# RQHV# WKDW# WHQG# WR
ZHDU#RXW1# ,Q#DGGLWLRQ/# LW# LV#QRW#FOHDU#ZKLFK#RSWLPLVDWLRQ
FULWHULD#VKRXOG#EH#XVHG1#7KHVH#REYLRXVO\#LQFOXGH#FRVWV#RI
ODERXU# IRU# WKH# UHFRQILJXUDWLRQ/#FRVW#RI#QHZ#FRPSRQHQWV/
SULFHV#RQ#WKH#UHFRQILJXUDWLRQ#RSHUDWLRQV#DQG#DGGHG#FRP0



SRQHQWV/#GHVLUDELOLW\#RI#FHUWDLQ#IXQFWLRQV#RU#FRPSRQHQWV/
H1J1/#PDQXIDFWXUHG#E\#D#JLYHQ#FRPSDQ\/#RYHU#RWKHUV/#HWF1
2XU#DSSURDFK#DOORZV#LQFOXVLRQ#RI#RWKHU#DIWHU0VDOHV#RS0

HUDWLRQV/#VXFK#DV/#FRPSRQHQW# UHSODFHPHQWV/#XQGHU#D# VLQ0
JOH# UHFRQILJXUDWLRQ# IUDPHZRUN1# $OO# VSDUH# SDUW# UHSODFH0
PHQW#RSHUDWLRQV#DUH# LQHYLWDEO\#UHODWHG# WR#UHFRQILJXUDWLRQ
VLQFH#WKH\#LQ#IDFW#DUH#VLPSOH#UHFRQILJXUDWLRQ#RSHUDWLRQV1
,Q#WKLV#SDSHU/#ZH#KDYH#RQO\#GLVFXVVHG#WKH#HYROXWLRQ#RI

SURGXFW# LQGLYLGXDOV# DQG# GHYHORSHG#PHFKDQLVPV# WR# VXS0
SRUW# WKDW1# 7KH# UHFRQILJXUDWLRQ# NQRZOHGJH/# KRZHYHU/# LV
QRW# VWDWLF/# ZKLFK#PD\# QHFHVVLWDWH# FRQVLGHUDWLRQ# RI# WKLV
VRUW#RI#µPHWD0HYROXWLRQ¶1
2XU# FRQFHSWXDO# PRGHO# RI# UHFRQILJXUDWLRQ# DOVR# EHDUV

VWURQJ#UHVHPEODQFH#WR#SODQQLQJ#SUREOHPV#+VHH#H1J1/#>44@,1
&RQILJXUDWLRQV#FDQ#EH#XQGHUVWRRG#DV#ZRUOG#VWDWHV/#UHFRQ0
ILJXUDWLRQ# RSHUDWLRQV# DV# SODQQLQJ# RSHUDWLRQV/# H[LVWLQJ
FRQILJXUDWLRQ#DV# WKH# LQLWLDO#ZRUOG#VWDWH#DQG#UHTXLUHPHQWV
DV# WKH#JRDO# VWDWH1#7KH#PDLQ#GLVWLQFWLRQ# LV# WKDW# WKH#EDVLF
GHILQLWLRQV#RI#SODQQLQJ#SUREOHPV#GR#QRW#XVXDOO\#FRQVLGHU
WKH#RSWLPDOLW\#RI#SODQV1#2SWLPDOLW\#RI# WKH#PRGLILHG#FRQ0
ILJXUDWLRQ# RU# LWV# GLIIHUHQFH# IURP# WKH# RULJLQDO# FRQILJXUD0
WLRQ#KDV#QR#DQDORJXH# LQ#EDVLF#SODQQLQJ1#+RZHYHU/# LQ# WKH
UHSUHVHQWDWLRQ# RI# UHFRQILJXUDWLRQ# NQRZOHGJH# DQG# DXWR0
PDWHG#RU#VXSSRUWHG#UHFRQILJXUDWLRQ#VLPLODU#LVVXHV#QHHG#WR
EH#DGGUHVVHG#DQG#KHQFH# WKH# UHVXOWV# DQG# UHFHQW# DGYDQFHV
IURP#WKH#SODQQLQJ#GRPDLQ#FDQ#EH#XVHG1

Conclusions and Future Work

5HFRQILJXUDWLRQ# LV# RIWHQ# D# SUREOHPDWLF# DUHD# EHFDXVH# RI
WKH#XQFRQWUROOHG#QDWXUH#RI#WKH#SRSXODWLRQ#RI#SURGXFW#LQGL0
YLGXDOV1#:KDW#FXVWRPHUV#GR#ZLWK# WKHLU#SURGXFW# LQGLYLGX0
DOV#LV#LQKHUHQWO\#GLIILFXOW#WR#FRQWURO#VLQFH#LW#LV#YHU\#PXFK
³WKHLU# RZQ# EXVLQHVV´1#:H# SUHVHQWHG# D# IUDPHZRUN# WKDW
FKDUDFWHULVHV# SURGXFWV# DQG# EXVLQHVV#ZLWK# UHVSHFW# WR# UH0
FRQILJXUDWLRQ# DQG# GLVFXVVHG# RXU# H[SHULHQFHV# ZLWK# FDVH
FRPSDQLHV1#7KH#H[SHULHQFHV#VKRZ# WKDW#GHVSLWH#WKH#LQKHU0
HQW#FRPSOH[LW\#RI#WKH#ILHOG/#UHFRQILJXUDWLRQ# LV#D#VXFFHVV0
IXO#EXVLQHVV#IRU#FHUWDLQ#FRPSDQLHV#DQG# WKHUH#DUH#V\VWHP0
DWLF#ZD\V#WR#KDQGOH#LW1
)URP#WKH#SUHPLVHV#VHW#RXW#LQ#WKH#IUDPHZRUN/#ZH#GHYHO0

RSHG# DQ# DEVWUDFW# FRQFHSWXDO#PRGHO# IRU# UHFRQILJXUDWLRQ1
7KH# PRGHO# FRQWDLQV# UHFRQILJXUDWLRQ# RSHUDWLRQV/# ZKLFK
HDFK#FRQVLVWV#RI#D#SUHFRQGLWLRQ#WKDW#FRQWUROV#WKH#DSSOLFD0
ELOLW\# RI# WKH# RSHUDWLRQ# DQG# DQ# DFWLRQ# WKDW# GHVFULEHV# WKH
PRGLILFDWLRQV# WR# WKH#SURGXFW# LQGLYLGXDO1# ,Q# DGGLWLRQ/# WKH
PRGHO# LQFOXGHV# LQYDULDQW# FRQGLWLRQV# IRU# FRQWUROOLQJ# WKH
YDOLGLW\#RI# UHVXOWLQJ#FRQILJXUDWLRQV#DQG#D#YDOXH# IXQFWLRQ
IRU# VHOHFWLQJ#RSWLPDO# RU# JRRG# RSHUDWLRQ# VHTXHQFHV1#7KH
FRPSOH[LW\# RI# UHFRQILJXUDWLRQ# LV# LQKHUHQWO\# DW# OHDVW# WKH
VDPH#DV#IRU#FRQILJXUDWLRQ/#VLQFH#FRQILJXUDWLRQ#LV#D#VSHFLDO
FDVH# RI# UHFRQILJXUDWLRQ1#7KH# UHTXLUHPHQW# IRU# RSWLPDOLW\
PD\#OHDG#WR#KLJKHU#FRPSOH[LW\1
2XU#FRQFHSWXDO#PRGHO#UHIOHFWV#WKH#UHFRQILJXUDWLRQ#LQ#D

VXFFHVVIXO# FDVH# FRPSDQ\1# 1HYHUWKHOHVV/# WKH# FRPSDQ\
GRHV#QRW#KDYH#DQ\#DGYDQFHG# WRROV#VXSSRUWLQJ# UHFRQILJX0
UDWLRQ1#$V#D#IXWXUH#ZRUN/#WKH#PRGHO#VKRXOG#EH#PDGH#PRUH
DFFXUDWH#DQG#D# WRRO# IRU# VXSSRUWLQJ# LW#QHHGV# WR#EH# LPSOH0
PHQWHG1#:LWK# VXFK# D# WRRO/# ERWK# WKH# FRQFHSWXDO# DQG# WKH
FRPSXWDWLRQDO#IHDVLELOLW\#RI#WKH#PRGHO#FRXOG#EH#WHVWHG#RQ

FDVH#SURGXFWV1# ,Q# DGGLWLRQ/# WUDGH0RIIV# EHWZHHQ# WKH# FRP0
SOH[LW\#DQG# IHDVLELOLW\#RI# WKH#FRQFHSWXDO#PRGHO#QHHGV# WR
EH#LQYHVWLJDWHG1
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