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ABSTRACT

Engineering changes are indispensable engineering and management activities for manufactures
to develop competitive products and to maintain consistency of its product data. Analysis of
engineering changes provides a core functionality to support decision makings for engineering
change management. This study aims to develop a method for analysis of engineering changes
based on On-Line Analytical Processing (OLAP), a proven database analysis technology that
has been applied to various business areas. This approach automates data processing for engi-
neering change analysis from product databases that follow an international standard for prod-
uct data management (PDM), and enables analysts to analyze various aspects of engineering
changes with its OLAP operations. The study consists of modeling a standard PDM database
and a multidimensional data model for engineering change analysis, implementing the standard
and multidimensional models with PDM and data cube systems and applying the implemented
data cube to core functions of engineering change management, the evaluation and propagation

of engineering changes.

Key Words: Engineering changes, Engineering change analysis, Multidimensional data model,
On-Line Analytic Processing (OLAP), Product Data Management (PDM), The STEP

PDM schema
.M B e e JAH AES 7FssA ske T Al
F g & IS MAE Fa% EFoE <
11 S8 dAHE &5 Zed A= Atk 2HBEE 7|l e AAMA A
3773 (Engineering Change) A& A 7:1]7 P+ oS AAMET =2 A 2~ (Engineering Change

EH 7]0 = ZH
gt @10l
oF7)8 711} A

A (Release)d &, A &2] X4, &
A 59] A (Specifications)S W
o} AL v 8] ALAE

Corresponding Author, dnc@gnu.ac.kr
©2014 Society of CAD/CAM Engineers

Process)Z g 3lal o] & A8 #lslal Ut
ngﬂtﬂﬁ_o_ H];@;_%on]—/ LEZIOkﬂo _,,].x% )
=2 %‘E:W AUTH AAARE Hit A A1z 30-
ol TSI A 2F212] 8.5%
1@01 CpIAE fuee e wae g
ohL B ksl Wl e AAR K A4, Tk of



104 =

(<2}

N

i 1w ol o

o Fete] HESt 5l 2 AANT I A
E Fol AAW7 J%X*«l &S oy e Al
= EV% ATt Tejeg AANT A0k 4
B 7)&E olgst] AN 255 a8std 2
ieh

7

-

-

1.2 HAHE 24

HZ ART|ES o83t A
A=A At FHd 5 3
] Al=He] Qe ‘})\E‘r. A
Foll a7He thFs AR S ALE F A=
AAH7 14 (Engineering Change Analysis)l] tH
gk AFE XY= ATt

Huang et al2 ] 7|¥ A7 &) A2

S

AH
A

il

op B
N,

o,
It od ne

w e e

22

]_

Pﬁi

o

yal

>~I
1
o

(i

S Balo] AAWA Be ARE T, A
Hom WA e FoAe] dde 7hesHi

S TH.

Kocar and Akgunduz2 321 22| A=A} 3
743} Data Mining 712 =8t AAEAE &
% (Engineering Change Request) %719} A AMH 7
& (Engineering Change Propagation) %412 A
dote AR A ="HE ARQFeATEL

Fei et al 2 33 (Matrix) 7|9Fe] AAHA A
AT 2 H#YE o] &F A
Conflicts) +-4] WHH-S- A|QFaA THY,

71E AAWMZ EA 0l #Ag A5 A A
U2 22 BAES EAsk

AR, AWM A4S Adste AFAE =Y
(Product Data Model)°] A& 722 A Ysl= &
TRl A FAE 2] 7152 AYsHA] KTt
71E AFARS} SHA AAHA A5 22
Atge] dAd FA9 TdS oA &t 7=
AZE A gogjwo] 2o A7) 7F =2 w3
ZFo] AAMA A8 E o]&skA| Xl gt

=A, 71& 04?01]’\1*‘ S S 37 A4
I 3gE AL = B3 Bt A5 A 9 g
Aol ;_JLO}‘:}[S]. F7H 2bs Aee g AE

A 717kl Tk bkt Agg AT Gl

%= (Design

AgEE AAASIAE BE FES T4 Bt

A, ATE HEES 5 B te A8
Nzgomm teke B4 a7 tgalr] 913
FreAo] RESh TR B o PHEL MPY
ol 3 BT AANA Hgol LT Thrd

AL A7) ol

1.3 947 2T o} bt

71&2] AAAZ A A el tig EA1 S Sl
Astaal, 2 At A4 25S WEE Product
Data Management(PDM) &|© ]E1 o] A5 £ |
o|Ej#|o] =2 3}= On-Line Analytical Processing
(OLAP) 75 AAMA Ao 4838kl o]
HPH S oh2- 3714 HAIE 2 ).

A4, PDM Al FAFRS] =A] #5271 STEP PDM
Schema®& ©]-&3to] AAHA S TSI}

A, AAWE 45 A% v AsRY
(Multidimensional Data Model)S A A3l3L )=
o]-&-3lo] Data CubeE &3t}

AA, HEA QN AAMZ FA Lokl AAHA
¥ 7H(Engineering Change Evaluation)2} A A]™H 7]
< (Engineering Change Propagation)2 A| ¥ 3}=

A &EE FEgh AN E S A5 918
o] AW oS PDM A 2EHS B3 %8s,
o]& Fd¥ Data CubeE ©]-&3Fo] 43t}

2 Ao A Ajbe WS v e A
7FAI AL AT,

AR, 714 oAl AH8-3= PDM Hlo|E H| o] =&
=& HolEHo] AR /‘}*Q“O}Ei =29 AF 2
55 OE AR dom, AAWA EAS

71& AA 9= E%L%L T At

=4, ASE dolgHo]x F4 #H OLAP

7153} AH231E OLAP Jﬂg ARg-sted %4
L AA AsstE ¢ JornE AAWMA 4
o thgk AR} Pr‘?’:}% %%l T AUTh

AR, OLAP A4kt thabel 24 H )& o]8-3st
o B A AANA A ] oJAPAA ] Q.
gk theksk A5 @ 7o) FAsH AT 5

=70 2o M= AN S AR A= oﬂ
F387] 918 AAAZ AAE Aol gitt. 37l
A= OLAP 7|5ke] HAIHZ 4 W& Ajtet
o 4ol A= AjbE WS TS o] AlA
Foll 283k o & At 5PN AES =
i

J

:d

\a

2. HAHE 25|

2.1 MAIMHE HFe 24

AAM7] 23 (Engineering Change Objects)=
AAR7 BEs BE A|EH 2387 913
o) 2k 2ot AANMZ AA = Fig. 134 2



OLAPE o|&3 dAE7

Document

+doc_no: string
+doc_name: string

l/r® EC Relationship

+type: {sub, re
belong to| Epgineering Change et (el

+ec_no: string
+create_date: datetime
+reson: string
+priority: number

1,4,/ DElOngs 7\
itpi/ EC History
+part 1 skri
bt bty +create_date: datetime

+part B
ki Kbttt +operation: {Add, Cut}

relating
\ //target structure

Product Structure

related

input

Product

related

+qty: number

Fig. 1 Components of Engineering Change Objects

o] AT, FH FA, 01/
7dolg oz A U
AP Ee 189 Engineering Change S
o] 24 (Attributes) O 2 FA|Eo] 91O, AA] 2
2 & 98] g AR AR}, 2] aL A4 o]
 Feo X]-E—iﬂ At A8 EAe AAEA
W EA o T, AR 2] o A A A}
ITHFig. 1 Document 222~ 747*)
’éﬁ]‘ﬂ % AANZ A & F R AlE
skal Aok AFH AAHEA 9 AAE —”\] 0]'7]
$13ked Fig. 19] Engineering Change =29}
Product Z&| 2= A}o]2] input 4474]‘—:' 3l ‘3473 A
AES, output FAIE B3 WA F Xﬂ < A2
st} A5 3EA18HE Product 2 Product
Structure e E 0]§-31 Zﬂ—gv_ﬁég ﬁﬁi El3
ot 2B 2 AAwAe 449 ¢
e AlEe] ofd E AES
7= AEFTFERL A= ATk
AAM7A o]=€S EC History FHLE Fd}o]
FHstaL low, WA gk A FFZ(target
structure ZHA] )2} A8 A4Hoperation £/8) S 2 0]
S 4T F AU AL AN AFTZRE F
7Feh= Adde}t #+2E AHA|sHE Cut 5 D7 2
T AUThH(Fig. 1] EC History 222 operation <5
8o Atw @ F=x).

g AE 28| |

A =8 AlF
4/‘0}-‘?’] X]%QE

22 MEFTE S HAIHE ZF|
& Aol A e AlFTE Ao AT

A el Bk A7 105

AR ez AW FFH R AFTE W
st2 Bk AFTLE T ARG M E
e Aol AARE AL 71 s

AR, AR A T 719 W) BRE AEFES
XY FLHA FEEofof St

A, § e THEE ATE AANA A4
9ol & AFo] NE TE AETEE 714 4 ¢l
SHONEFE Gl A 55 A1)

AR, sl T EE AEFS AANAE 34

Qo] & thE F AlFol E%_‘?f& AEFZE 7}
A F JdHEFTE s HE FF A1),

Fig. 2= At AAMA7 A& o]-g-3te] A7
WS R8T & BT U} o= 28" &
5 4] A AIES] a9 FE<] XE YR WA
i %E} ol& fEIE A9 Y AFTRE
7} YEEofZITH(1).

o2 W7 it AlF XE o9 FES
THE CE Ealate] O AATTH2). TR
a9 sho g W ebr A AlFTEA C
5 2| (Cut G4 A-8)3laL, CF F7HAdd A4t
2-8)3th3). vk 7R &2 ¢ 9] sk F-E<] XE
AHABEAL Y F-F-S F7heHd ke A WA E
AE A7+ A B THEN). ©] F o] dhte] T
AR o], o] AAMZ ] Y2 AL &Y
2 Ao|t},
oro]l A7 273 At XE YE vt
HA A AZF AR v ofof St o]f= Al
T2 54 AANA AL A HA el F AR
< WEA7)7] QA ol 2)04 A= Y
O 2 A9} e AEFFZE A HA o]
= AANAE 3 FTolBnZ A WA 218 NS

Fig. 2 Example Product Structure Changes



106 T

23 MAIHA o] MEo| HH
AA|H7 o2 (Engineering Change History)o| &
@ AT Wl A AFe] W3t A ok WE-S

= =2
7158 guolth MANA ol M F0H 5
e A7) B 9% Ao AN

of Fegt 7t WA FEo YIS glsh= Aol
th a2 EE AANA o]ge A4 ade WA
H T FE7EA] 24 5 qdojof st AAH
73 ©]8-& Fig. 1¢] EC History Z# =& Yepd
F o Fel o2ekX(Instance)S ECH
(create_time, parent, child, operation) 7-ZZ 7}A|
= 7= (Tuple)® FAIE 7+ Tt 1714 parente}
childe 4153 (parent)a} 3+$15-3(child) AFo] €]
AFTZE FTHTHFig. 19 target structure 3
Al ). T2 Fig. 2 dlo] AAMA o8& 1
Ak Aol

Copy A to A’

Copy Cto C’
ECH(t1, A’, C, Cut)
ECH(t2, A’, C’, Add)
ECH(13, C’, X, Cut)
ECH(t4, C’, Y, Add)

of o] W72 2.20014 A vt} 2ho] 471 €] A
FTZXE A st AlEFs WAsH
om, 918 FEFL 747 AlFTzo] gk A4t
< FASHAL AT

Fig. 3& AAH7 A2S FAISHL At vhd
AA A|FEo] CE 9] F-FoE 7H AL AATH,
C7F 2 gl wEl AAS AETZRE AAE
H7eloF & d 7t Sl o]} o] 54 A|F
AN E AS AR M) T2 AF ¥
BAAS ANE W7R)E o1 A5, o5 A
M7 < (Engineering Change Propagation)®]2}aL
st & AFor e WAE AFS FHTEA
A7 AN S AAN7E AL &4 e

] A [ [

Fig. 3 EC Propagation in the example EC

J

=

2yt
Ce] W7o = 213k (Fig. 29 AAHA

AA®] A7 o]F& ofFfje} o] FHT = AUt
Copy AA to AA’

ECH(t5, AA’, C, Cut)
ECH(t6, AA’, C°, Add)

e

of oloflA & = gUxo] AAMA AL A
73 o8 & Cut Axto] H&H F-Fo] FrH]
S 75 Ao stk 919] eflellA ¢ FF
ig. 2] A7 o]Fe] Z= o] lom, AA
o] At} 282 E CE Fig. 39 AAM
S I 7FsAol At o] 2 5

A7 A B4 A8 FHOE AHgET

2

o o (B

i oo oo @ X

3. OLAP 7|8t MAHHA EAMurH

3.1PDM EZ 7|Ht HAHE 78

£ Aol ExxoA AFeI 0] EF PDM A
FAE RS AR 739, 719004 o] &-3kar 2l
= 719 PDM A" Fotd AAWT He
2 A A2H o] ThsEi Xty 2HEE &2
el A= I1SO STEP % 7|Wke] STEP PDM
SchemaE ©|-&sto AAM7 S A3 Fig.
1o A Ak AWM A= Fig. 40l £AE
STEP PDM Schema®] A7 &g 7|ito=
Evi=

STEP PDM Schema©llx] A 7S directed
action SNEJE](Entity)Z ¥ E ). directed action
S A F-S E 3= product definition} applied

product
O
of product
directed_action product_definition_
% formation
assigned_action formation
items[] related,

applied_action_assign
ment

next_assembly_usage

product_definition
_occurrence

é role T
items[] relating

applied_document

refernce

assigned_document

document

Fig. 4 EC Representation in the STEP PDM schema (A
Simplified Version)



OLAPE o|&3 dAE7

action_assignment NEJE]Z A4 =o] 9lom, o
AEE] 9] role 45 ol-&ato] AAE AFo]
A7 4 T2 SYJAAE TR AFS
document JEIE|Z XdE EAE 435,
next_assembly usage occurence NEJE]Z A| &+
ZE ¥

Fig. 19] AAH7 A 9] input} output TAI=
Fig. 42] applied action assignment S1EJE] 2] role
24 28 “input’Z} ‘output’ &2 F-oJ ko 24 )
SAZ4 4 Atk Fig. 19 Product®} Product
Structure E 2 2=+ product definition?} next
assembly usage occurrence EJE] <} t]-&-gtt},

&A%t STEP PDM Schemat= A A7 o] o)
st Aol & xgsta A Ksith 18l 2= Fig.
18] AAIH7 A= AWM olgel gk S
2~(EC History | 2~)E g3 Th

32CHAM Xt2 2 EE

tolEeHo] e £47 &8-S HEHOE sh=
OLAPE= T 25 4] (Multidimensional Data
Analysisy& A3t thakd 2AH8 242 A
= 2 A= 249 (Multidimensional Data Model)
o] F g3}t

2 A5 2 d-& Fact®} Dimension® & -4
=™, Facte 410] Bl AMDS Sesit) o 2 A
F I & TRk A ko, el kol ot
2 @] Fvl BAYo] Factt 4 UTHFact
of 23 SAAA ] T &4, oA nj
oL} H<=E Measurest} $H}). Dimensions &
Atalal she $4S B8, duj 24 oo
A A7 dojd A, A7, e A EF
ol &+ Uk

g A5 242 FactE 4 © 2 Dimension
£ 7+e] #AIE FRlsks HAgoltt Huf £4 4

14 &7 A|ZHA1ZF Dimension)ol] &7 A9 (&
uj 29 Dimension)|A 7} o] & AEA|
# Dimension)g e 74F Fvl(Fach)ES AL
2 A7k A, 283 AFE2] 3702] Dimension 7
o] AA/BAE A A At

2 APl = AANAE S 9% Ak AR
43S 25l mUML 24 & a0 218319
thFig. 5 #=). mUML ¥HolA = Facts YE}
W= Fact-Class, Dimensiong YERY+ Dimension-
ClassE A|&3FH, ©]5 Alolo] Dimensions} Al

A el Bk A7 107

<<Dimension-Class>> <<Dimension-Class>>
Year Engineering Change

<T‘<ROII-Up>>
Year

+EC_id
+Owner

<<Dimension-Class>>
<<Dimension-Class>> <<Dimefsion>> EC_Op
Month £C =
<<Dimension>> | +type: {Add, Cut}
EC_op
<Roll-Up>>
Month <<Fact-Class>> <<Dimension>>
<<D 1-Class>> EC History ECH_parent
Date <<Dimension-Class>>
\\3 Product

tlme_creattE\F”) +product_no
<<Roll-y >‘§\ i i -
A IMension>> + <pimenson>> | +cost

<<Dimension-Class>> ECH_child

i related /) +relating

Product Structure

Fig. 5 Multidimensional EC data model

FAIE FAISH= Roll-Up #HAIE A3t

AtE T ARERdS HAWHT oy S
Fact® A&} THEC History fact-class). 47|
H7d o]¥ & Fact= A3 o] = AAMH oy
< Ssto] AAAT ol Fedshs AN FE TE
TZ 28 A AG ALk Az Hag ¢ 7 o
olth. g AARZE ol A%E ATk
AARAE A EAete vl B8 21 3
HE AF3}. DimensionS ZH & o|Hof| o]
3} Parent, Child A&, AL, 283 4% A
M7 (Engineering Change 2 2~)0] &=t}

Tk AR RS vk 24S 98] 53]
o ¥ ol #| o] 2] Data Cube®] A5 RE =2
AREELE 2 Aol Fig 59 oAk Al R
g2 Microsoft Excel Pivot TableZ &% Data
Cube®l] #7313t} Data Cubedl] A2 5=
dlojewjo]X Ze], B 2 3-8 X2 73 (Database
Query, Views or Application Programs)S ©]-&-3}
o PDM Hlo]gH] o] oA FZ3h}.

Evaluation)= B thilo] B F /i) AA H
A & o= Aol ¥ TaXAE ALtsit AAW
Ao FoEw a7l et v Brre
ALk B Afolas AAWMA thde] He Fi
o] AFTFZE H7ket] Ff7F Bol == AlE
gt AAAER N 7RIS Fe AEE JHdste
A&t I B B AAWA TEAE



108 =3

T olfe w7t A2 FFel vt o A
He7H WAL 22 Qlsf ohE A S 4o
714G A A &) Aol M HESD AFge] BolAl=
S, AANA Ay dIFE ol A TFeAdel =7
oj o]t}

A8 7] 7 (Engineering Change Propagation)
A the] AN 7Hed], A e
ol WA AR S Fokhll= 4 ol
th AR A FA6] 2kol= 22 2389
A AFEAT

npAEEe 2 1.3 oA Age AlQkE o] v

HojF7] 9Jate], +HE Data CubeZ ©]-&3t]
AAMZ AF AFL AFH zpolE HAE

= AEE s,

4. 78 Of[H|

4.1 MAIHZA 2H| e} it X222 H 73

Albe AANA AA = AA st g 7]
PDM A|2HIBLg- o] &3l AT Fig. 6=
TEE AAHA AANE P spHoE A
HA WA A A AFH A S EH AF A
HE HAFA Ut

Fig. 59| vl AAWH7 245 292 Microsoft
Excel® 53l Data Cube®E THEHJLH, o]=
Excel Pivot Table 7]5S ©] 8322 12 &
S ¥3H3k 1okt OLAP 914HS 283 5= Qi)

T ¥ PDM tlo]E{H| o] 2= MySQL H| o] ]|
o] AYA| - o] gste] sfEE o, <)
719k PDM A|2=¥1S o]g-3te] A dE AAWMA
A2 2 A A8t Utk PDM Hlo|EjH]o] 2o A
E AN AEE dlolEuo] 2 R} &0
= ZZAA O fJate] At AR R BEE
HY =, 2 dloJH o] AZ e B3] Excel

2=

namchuldo@gt

i

HE 2012-02-10 17:32:16

. RO5A R05B  KEDB RSB from KEDB
~’ KEDB KEDB RSAchangingusto 20120210
“ RS5A RSB touch sensor
K080 4o KEDB RSB from KEDB RSA changing us to touch
Ko10 L sensor

876) R0SB KEDB
RSA (tem) = RSB(item) ¥

~ kettle %E;v]'x none 2011.11.06
1 29

al EVEERCENAPVEERS N )

v v @
[
BY EIAN HIS HI ki

Fig. 6 Implemented EC Objects in A PDM System

Pivot TableE T-& % Data Cubeol] <15 ¥ T}

4.2 2AHZ oA

Ajte wdla} FHE A 2" S HS6r] 218t
o] Fig. 79| A7 A& 7+dE A LHS S8t

o A ste] ®HotTh
of| = Pump X9 Blade F-&<S A28 FE<
New Blade® A7 M73sto] Pump XA7F A3
A& HoET) A9 7] Blade 752 &
I Y Pump Y= New BladeZ 32 W
Pump YAR WA= ATE 2= FA = o]
A7 Pump XA A Front Housing=S A

Pump XA Pump X

Back
Housing

/

New Blade Blade  Bolts  Shaft

Fig. 7 Example Products

OIS M fHBHZ GH L
DHOIEY 2420 | DOJE 4
e (000 Pumps
o 1 010 Pump X
= 080 Stand
= 070 Nut
= 060 Bolt
= 050 Connector
= 040 Back Housing with Bearing

= 130 Bearing

= 090 Back Housing
= 030 Front Housing
= 020 Blade Product

= 120 Bolt
= 110 Shaft
= - 100 Blade

o | 010A Pump XA
= 020ABlade Product A
= - 200 New Blade
= - 120 Bolt
=~ 110 Shaft
080 Stand
070 Nut
060 Bolt
050 Connector
040 Back Housing with Bearing
= 130 Bearing
= (090 Back Housing

= 030 Front Housing

Fig. 8 Result of Product Structure after ECs



OLAPE o|&3 dAE7

Pump XB% FHEoFth 18 B = o] AAMA
2 Z 43 dojton, 7tz AAT AR &
Al ol A& EC5, EC6, EC7 18|53 EC8Z
A 2]). Fig. 8& 73 d PDM A =)o) AET1x%
ANZ|2 Z93 AAAT oo dFE BoAET
(010 Pump X<} 010A Pump XA<] 020 Blade
Product®} 020A Blade Product A7} 7 E A&

2% % rh.

43 HAHE 2o

Fig. 9% Exceloll +& ¥ Data CubeE ©]-&-3}
oA A A7 B e HoEnt 25
tholl= PDM tll o] s o] 220 4] &% Data Cube
4 A5 E HoFTH(‘Base Data’ Table). ©] AIEZ
HE 7 &5 528 213 Pivot TableE©°] TH
kL=

ZF52] ofgle] ‘Number of Changed Products’
Pivot Table G- 7} AAHZ oA W73 A&
o] 5 Addo} Cut A2 & HojFET o] 247
E ug o2 AAAA ol Fogh F-Eo] ohE A%
of Arf} FHEJ=AE AFT2 BEE T3
ARSI 7V & ol HE YT S ALkt
(‘Effects of EC’ Pivot Table #-=). F 71<] Pivot
Table®] 2= EC63 EC8l H|E 72 9]
HEo] IR, EC8l| Holgh F-Fol ¥ B
L A Fo) EHEo] Jormg 7 P u E A
< BHAFI Tk

AAZ] Aol theh 42 o] 95 At

1 |Base Data
ECHP__|ECHC |COS]ECHO [TIME Date |SHARHshare f7H %
cut 2013-01-01 1
add 2013-01-01 1
cut 2013-01-01 1
add 2013-01-01 1
cut 2013-01-01 5|
add 2013-01-01 5|

7

7

1

0/ 00|~ 3|01 £/ 0N

e

cut 2013-02-01
add 2013-02-01
add 2013-01-01 1

w—-—~coco—-co

i | o o

»NN———N——
S
5]
£
"
]
g
I

J
| oo _‘oi

Nbr of Changed Products

14 M= EJECH~

B EC [vladd cut |28
5

woo}\tlm
m m m m
0O OO
5 <4 o)
o= = w
o) — =
s o |
o N & o
a =

0
ECSECEECTECS

21 Effects of EC ECS EC6 EC7 ECB
: SHECH~
vladd cut [ZEA

3

Nbr of Changed Parts Effects of EC

EE
1
2 2 4 100
4 4
615 50

0

mparison
CH-Y

~ |diff

20 -50
-100

?g ECS ECE ECT EC8

8 Cost Comparison

-100

Fig. 9 Example Engineering Change Analysis

w4 el Ak A 109

9] ‘EC Propagation’ Pivot Tabledl e} 3l

A0 st £F 5 1000 FF2 F e A
AAZdoll AE=HUoH, 712 AR E F8l s A
AW7do] EC5¢F ECTYS E1E <+ Ut + A

A7 o] AAMEA olg B ARk Bjlshkd A
A7 dga 23S S 5 Aok

upr|gto 2 = # sl ‘Cost Comparison’
Pivot Table> AAH7ol FHoigt AH 7 =4 A
Fo| AlFFx} 72 7S o]&ste] AW
74 A3e] Hg A5 AR Aotk AANAE
S ECool W7 Tl o] B2 ABH7E RS ¢
T ATk o] A o] FA S flote] 5Eg 22
o} 2k5 o] HQ3HA] 24l F0131 Pivot
Tableol| A #|3-3+ OLAP 914+ o]8-5ko] Al4keh
T Utk 2B o] o & Fal AlFE Wiel o
&gt EA g thste] s thA S 4 U+
< o U

5d E

2 AFE AFE dolEuols A Wyl
OLAPE ©]-&-3to] dxtZQl PDM to|eful]o] 2~
ol A4E AANA A8 S B 5= WHS AgH
Eisi=3

Ao wpHo g SN ¥E AEAER mdS u}
2= PDM H|o|HH|o]2E o]§-3te] HAWMAE
FHEATH AR 48 flske] b 2ks
2dS A s oM, o] Tt A5 R 492 PDM
dlo]guo] 2o AAE AFE2EE B4 AFEE
2% 7 JES IHHIAJT AHE PDM H ¢
ElH|o] 29} Thxl] A} 5 R 98- 0]8-51o] Data Cube
7} F8 =01, Data Cubeol] OLAP 343} T
St Holg Fal AAWNA B4 S AAWNA
il AAMA e B4 4 AU

B 3= 379 PDM AR BYS AREE
o 2H FA4E AF ARE AL, 719 Al
FAE He] Al&E B4 A|2Fo] 531
AEE SFth =gk 2 L7 dolEwo) 2 &
A WH?l OLAPE AMS T 24 F7H4]1 x| 4]
olu zk=A ] glo] AFsslE A 2 Aol 7t
5351tk o122 Data Cube 2 OLAP AA4HS A}
§-3to] v Aol Ex¢st AAMA B4
AsHA & 5= AATH

% A+2E Data Mining 71'H S &850 A

i

[¢]



110
Ote A2HS X 5H AT B AlAEHoF
4sk= Aot

References

. Loch, C.H. and Terwiesch, C., 1999, Accelerating
the Process of Engineering Change Orders:
Capacity and Congestion Effects, Journal of
Product Innovation Management, 16(2), pp.145-
159.

. Huang, G.Q., Yee, W.Y. and Mak, K.L., 2001,
Development of a Web-based System for Engi-
neering Change Management, Robotics and Com-
puter-Integrated Manufacturing, 17(3), pp.255-
267.

. Kocar, V. and Akgunduz, A., 2010, ADVICE:
A Virtual Environment for Engineering Change
Management, Computers in Industry, 61, pp.15-
28.

. Fei, G, Gao, J, Owodunni, O. and Tang, X.,
2011, A Method for Engineering Design Change
Analysis Using System Modeling and Knowl-
edge Management Techniques, International
Journal of Computer Integrated Manufacturing,
24(6), pp.535-551.

. Hamraz, B., Caldwell, N.H.M. and Clarkson,
PJ., 2013, A Matrix-Calculation-Based Algo-
rithm for Numerical Change Propagation Analysis,
IEEFE Transactions on Engineering Management,
60(1), pp-186-198.

. PDM Implementer Forum, 2002, Usage Guide
for the STEP PDM Schema V 1.2, PDM Imple-
menter Forum.

k1
]

7. Herden, O., 2000, A Design Methodology for

Data Warehouses, Proceedings of Doctoral Work-
shop at CAISE’00, edited by Hinze, A and
Hommes, BJ, Stockholm.

. Do, N., 2013, Developing an Introductory Train-

ing Course to PLM, Transactions of the Society
of CAD/CAM Engineers, 18(1), pp.28-35.

9. MySQL, http://mysql.com, 2013.

l
I
L2k

19913 FEFg3e St 4Hd 5okt
S}

1993\ -5 st 1hef &St}
Hab

1996\ Z 3ol Star Al 3-8}
upAh

1996 AT TH TIATL
AT

1998 =R4d7AIE ol CAD/
PDMH 73

2001 =7 AHEA AT FA)
sjel 7l A1) 74l

2002 -] 74t A1) 2
Gl Sk a

#A]E-oF: Product Data Repre-
sentations for Product Data
Management, Product Lifecycle
Management, Product Data
Analytics, Sustainable Product
Development

oH




