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Study on development of the spool installation
management system

Choi, Jae Ho

Department of Naval Architecture and Ocean System Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In the mid-2000s, Large shipyards in South Korea expanded their business
area from common vessel to offshore plant based on outstanding shipbuilding
ability of common vessel area. However, due to a lack of understanding about
the offshore plant area, these shipyards suffered huge losses. The
differences between offshore plant area and common vessel area include the
characteristic of the business, the importance of engineering capability, the
contract method, the rate of outfitting. In this study, I tried to solve
problems arising from the high outfitting rate of the offshore plant from the
perspective of production management. In this study, I developed the spool
installation management system considering only spools among many types of
outfittings. In the spool installation management system, the algorithm for
optimizing the installation sequence of spools and the algorithm for spool
installation planning are included. Also, verification of the developed
system was performed through execution of simulation to verify the plan

established through the developed system.
KEY WORDS: Spool ¥H]¥#A|; Management system ¥JA|2Hl; Installation

sequence 2 X] =A]; Planning A ¥; Algorithm ¢ilg]&.
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Fig. 3 Flow chart of algorithm for optimizing spool installation sequence
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H, AE BEZE e EE ] lojok ity WEEA] EghE ofok sh= nj#A
£/ Hel td tlolE oAl= ofel Table 29 &2t

Table 2 Example data of spool attribute data

Spool no Length Diameter Weight Penetration Material
Spool_A_20IN_1 2,408 20 211.125 A SS
Spool_A_4IN_1 1,283 4 89411 A CS
Spool_A_4IN_3 436 4 64.745 p LTCS
Spool_B_2IN_1 5086 2 139.27 B CS
Spool_B_12IN_4 1,5% 12 30.8 B CS

o] gty widAle A AA PHE HE AR VN 4 A
7 3D 9 A =g 7wk 7H4] A3 PHoeE FES 4 ok HE AR
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golEle] oAl ofe) Table 39k 2t F 5709 2Ee i 2x ARV &
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Aol #HxE ARV dEE AL FAT 5 da, uHA 3 wjEAs 2749
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IRe] mEA = M=ol EAHA] we A mAAEE A & Ao

HJ

Table 3 Example data of spool coordinate data

Spool no X1 | Yl Z1 X2 | Y2 Z2 X3 | Y3 Z3
Spool A_20IN_1 | 12118 | 12904 | 40592 | 12118 | 12904 | 39390
Spool A 4IN_1 | 11971 | 12747 | 39231 | 11971 | 12747 | 39R75 | 11971 | 12904 | 39275
Spool A 4IN 3 | 11971 | 12747 | 39242 | 11971 | 12747 | 38110 | 11971 | 12638 | 38110
Spool B 2IN 1 | 11479 | 12274 | 37610 | 11735 | 12274 | 37610
Spool_ B_I2IN 4 | 11990 | 12274 | 37610 | 11734 | 12274 | 37610
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Aol 3 vlolEY gH A golx Ak ol WBAlY 91X ARE 9
g 4 9t 3D o HA mY FAe dHsolop Aok §¥H 3D o A

wd st W, WY, T2E 4Y 5o O 4P olTE Be 8xF0
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A ] Y AD AP FYsHE T2 APAT
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Table 5 List of material

Material(Short name) | Ranking for level of difficulty
cS 4
CN 1
LTCS 2
SS 3
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_24_

Collection @ kmou



» X

Fig. 5 Sample model on X-Y plane using first method

» X

Fig. 6 Sample model on X-Y plane using second method
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» X

Fig. 7 Sample model on X-Y plane using third method

Y

» X

Fig. 8 Sample model on X-Y plane using Fourth method

_26_

Collection @ kmou



Table 6 Comparison of sample model results using 4 methods

Spool no‘Method First method Second method Third method Fourth method
Spool_1 2 3 5 s
Spool_2 1 9 4 4
Spool_3 1 1 3 3
Spool_4 1 1 3 3
Spool_b 1 1 1 )
Spool_6 1 1 9 9
Spool_7 1 1 1 )
Spool_8 1 1 1 )

3D 2P gk v A ko] I AT 1Y FLe FF ATE FHsH AT
FAchJang, et al, 2018). dug&EL A4

TEH Aok HA Hw#AA HAF FHEer Ao HIEE J|He=
Bounding boxE A§A4stal Bounding box b S& WA o
Z+9]S 43 3tt. Bounding box:= AA HiTA S FAS
Bounding box 1t F&o] TASHA k& Aol MHEA 3o IHA o] WA
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#HAE - FHAREE 7IFS=E Line F 1HE A= AYES 3¢t LineS Hj
BAY FALS A AEoly] WRo] AA wBAe] FYRTH 4 Wty
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Bounding box xFe] xtAide] wAYstal Line X+ gHideo] HAsHA] ¢k widAA ST
< 7]F2 2 MeshE AA3sta Mesh 7te] wjdA) 74 A= HAL Zow
FPgiet. o9 Ze AR A AT FAYe FIAFOEZA EE A9
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Table 7 Step 1 of calculating position

ranking by interference matrix

Step 1 P P Ps
P 0 0 0
P2 0 0 0
Ps 0 1 0
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Table 8 Step 2 of calculating position

ranking by interference matrix

Step 2 P P, P;
P
P,
P; 0

Table 9 Step 3 of calculating position

ranking by interference matrix

Step 3 Py P, Ps
P
P,
P;

Table 10 Calculated position ranking of

Py,P2,P3
Spool no. Position ranking
P 1
P, 1
Py 2
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ARYAY AGEAL J1E MBARDG B 29l WBANT Ao s
stk Z1F MBARG 2 299 MBASH uPe W F oA 3
A7t FARYAG R A2 AP T BAS FA AL A 2
Q Fol FEI FREA FETT T 5 7] WEol, AE ABAEL W
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Atk WA A MBART 2 2o MRS MuBe 0 F
kel Agrh ARAAARY 2 Aol T oujmAe] AX A4S FA
AYHHGE SRS 24 1k FuAGL T 5 Jon T wjwA B

SR wlEAl X 2] zre] MFa BAE AP w, 4 AtxrdH
dAHYAe Atz kel FBo] LAY FE U 42 o] ol Fig
002 ZdE F uaA7} , MaAe) F Ax e AASPFCR) of
g3 7bgstanh 1 Aloked e AeWe W, MEA A WBA BRg A
gow AxHojof Brix Hoj@ 4 Ut AW @A Bl W@ AR
A B AR WE A &9 AP TA w9, A7) <9, AL &9,
A7 97} BE %7 gEO, A 44 £9E o A ALY 5 J. ol
750 Wiz Ash Wl#A] B el A2z} ekdgg A e} Aoia sohe, )
B B7} WiwA) AnTh Haloz Axsofof st Helg 4 gtk AnHo
= H4 Aotxds FHAYAY Aekrdo]l FEFO LA, wTA A 2
zbo] WEte AFd BAZF AYHA egn & 4 g

r
0

2

sk ol Az Tre| FHS WA AN Ak o] SIS
volg Bast Uk ok AP 2 F MBALF Y3, F oABAE X-Y B
Wl BAGAZL W FEo] A= BACITh o W uHA] Ash wjnA| B
o $HHR D 7 FPAFY #9AE ofe) Eoh gk o] W A AGRAS
A ggohd M) AL aleA] Bk mmBe W el WAy wEol,
A B7b AAom MAE olFo wMiwA Bl X8 5 dvkn FT 5 Atk
Z, 0 AFRATS HEUS W A Bk A 2, MBA AL T
Aglow AFY AL FolAch FAAUAY AGEAL A gAThE Wi
A Ax WA BRT el o3 AN L9t EAWR yvA FHEFY 2

N

1, #A, Ad, 173 =9 ¥7] Wil maA A7 A9 2, wi#EA Brt
FHAdoz M5 g Aole A Az
2t

1o
i
R
o
o
.
rlo

FAAYAL AFEAL HAET A5 AFEA 4] FFo] BAFA Ho )
A AH 2e] zhe] WEE MFY DA FolHA vk wpehs Aotz
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7] FL5E ASFOA oHF FFE A WASE BAS PAY 5
. oA gre] ghol M AA &Y Eeel g 2
Fg A Afzioletn BestAy] W, 4 AfzN hAAYA
3 o 7

A AY Az A LA g IHA

riu

Fig. 10 Example model with conflicting between

constraints
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A 47 ATA AR AY s S F AL

41 B 8A AY 7 ¢nDF HY

3golA Hols M A A A5 dueEe B 2HY g H
2 wAsh BAE dolHE Bl FUAA M A AR FY5)
s MBEA A AN £Y SuYEL ALsAT. MBA 2H AY Y
FneEe MBA A AL VAR P AkzAH IR AL Y

W Agskan.

42 WiBA 4X AY AL Akxd Fo

el WA 22 A" FHES A= F e AdRAe A 8353
th o] T 27He] AlF=n L wiEA XA et dHE Adxrdor, AAeS

AetzAT A A AkzAolth YriA 249 AekzAe wHA 2
A2+ Bdw AfrdoR, Bas AFEAN AU Ackxdol
o,

421 AR Aekzz

GAEH AGZAL MBA GAEH AT YRAFE 59 AL 42
A A e e AGEAL oJudch WA e A2 L
A A 2 A Rt =70, B, AL, BA 5o £4HRE
2 EEAQ BX A4 #AE 9% AXEAE ANSAT debd A d
A< HolEE FMoR el WA 43 AYS 53 o4 =
A AeA HAF NDES B3 ALE UNEAE FFIE Qo] F8

s,

N
o
N
=2

o
o

4.2.2 %3 JA Afzxz
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A AA AY Y Ay AAE oudn wiAA AA A s
A 2ol Thed BASH S Aol 27Fsd AR AR TEET
© B AAeA HH3} dagse] A Atzdd A Alfzdd kA
A AkxAe 7o s FoHn. F AA Agxde WHAHI kY
Aol et SEF AY T&5S A A% FHo2 AHoHIUr

A5 BAE 7Tz T AU 565 & F s FHAHA Ade

THE F A

r:]_‘
©
)
N
e

2

)
rlt
2

423 &2 AgzA

A A 2ol FE= Slazo] tie ASzHom, mjaA) A =
Aol AT Fhros Hx 2 F85= = (human resource), bl
E AR ZAa7tA olEstr] S Bad AHA Fol Aok 24 Ade A
TA Adolgte 540l A, FAA FUHe iz o ek YA

o] AFdAa & F A, &, fdazrt o] FAEFFE fEEd]ol g1
%

Wk gae Mg vielsks BATE okl 7] W,
e Bazs Eqol B A4 EHE B 5 o by 7t
.]

o
o
T A PasE YIFOEA T wMBA HA ARG FYT 5
2l

A2 gRde B5 ue =E wjdA 2A Aol fRHojok sk e
AAE & o, AR @ Az A

| Az A Aelel & Ade i3
TEAS = ¥ A AHHE %}7%}9}
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43 A8 4 ¥ 39

WA Ax AY sy YHoeR IS Aosiioen, e U AXA
9 Afxdd Assy AA Az HA dud AFxds L&A
37HA A" 8 e Aol gax Az A& AR AY £y
golm, 3714 A¥ Y WHL Backward bucketing, Backward planning,

Forward planning©] t}.

4.3.1 Backward bucketing

Backward bucketing 2]4&2 A kA S H8sHA] R glihxe FIsit
7HgslRen, A3 9EUS JFez dugor dAH AZS FHI =
ojtt. o] W —?3 2t o] EA A &=

17} = A AA Aol X

<, ZF wjaA) 2A A4 Al AgEe] A
u}2} 4 Backward bucketing2 I13=7F =

2 S sl a3 gaxe Hu AeE sk fls AHEE 7

i

A ook h
o o
ol
= 2
i)
e
X,

rok
=

4.3.2 Backward planning

Backward planning-2 ﬂii Akzde ALt A o=
Hako s oA AL = Wdo)th o] WHLe Mz 9
37 AE:dAg= EX O] 9lo ™, Backward bucketings} FAlsHA 38 2]
N= HjEA A Z}%‘—Q A S5 TRAEE AL T A9 Y
gk AA AYS g o] w T3 zA}Jo] EAlEtA ¥e HwdA A
2kd N7t F/lii Nrrt Bs Zd-eoe AA 9 Az wat 4
97 e A AR Al diE AgS WAA st wabA
Backward planning A& Z7]o ©& S8 wjdA XA AdH Basto
Zhjefof sh7] el 24 Ryl SRkRo] HFE dert S Aey A

E-IIIJ

==
_4

Sl
A
A
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4.3.3 Forward planning

Forward planninge a2 AEAS &t A wjdx] Hx JY &
5 FoA A 2Zgjo] A g FEE F U=
& FHst= YHolth o - loll 2
Aol dow, A8 Aol e wiaA HA #
AL &, TP AYgE A AYE AHoE FYAT o] 0 g

o]

Nero A Zgjo] gle widA 22 Aol o Be Afoes wjaA) A4
9 Ak wet AA E=97F T2 ml3AC A4 EHE Foste AY
< Y3t} Forward planninge A& $HERo| g7t ZHAsAY 2y &
74 Wtz e A &80l AstEHAY thE 7] wjaA 24 Ad3 ¥
Hojok & Aol AY z7]d gLz FE F7] S8 AHEE A
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A5 Z waA dX B T A2 AL

o] FolX= 3ol ML vjAA A £A HAHI dadEH 479
NEE wjaA) 22 AY Y dadses AEst] widA AA A A2EH
< Madstaz stdth \A 271A] dagEs A&t TEE oJEgACIA
S Jidkslr] 98] DTO(data transfer objects)?} HIZU A HAIXTE
AlstaL, o] & 7IRte 2 ofZeAolds st

2

5.1 DTO A4

A 2A] A HAskeE widA AA AY FHES fE Zad HolHE
71Eo 2 DTOE AAstAt. w3 Ax £4 HZHsE #fs B3 DTOY
+ SpoolDTO, ScoreDTO, WeightingCoeffDTO, MaterialType, RankingDTO,
CoordinateDTOZ} lth. widA] AX Alg Fyo] B8 DTOY = SpoolDTO,
PlanningType, ResourceDTO, ResourceTypeZ} Sith. wj&#] HAX| <A FHZAH3}
Gl & WA AX A Y LdarelFlA SpoolDTOE F5 2oz A&

Ho}
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cmp Components

«Data Transfer Objects «Data Tranger Objects
SpoolDTO InstallScheduleDTO

CenterPoint: CoordinateDT O

Diameter: double

DiganceSpools IEnumerable <SpoolDTO>
InterferenceSpools IEnumerable=SpoolDT 0=
Matenal: MaterialType

PreSpools |IEnumerable<SpoolDT 0=

E CycleTime: int
+

+

+

+

+

+ Ranking: RanKingDT O
+

+

+

+

+

EfDate: datetime

EsDate: datetime

FinishDate: datetime

LfDate: datetime

LeDate: datetime

Resources: IEnumerable<Resource DT O=
StartDate: datetime

B N R

Schedule: IngallScheduleDT O
Size:double

Spoolld: string {id}

Weight: double

WeightingCoefficient: WeightingCoeffDTO

«Data Tra_nsfer Obj... «Data Transfer Obj... «Data Tranger Obj... «Data Transfer Objects
RankingDTO WeightingCoeffDTO CoordinateDTO ResourceDTO
+ DiaRanking: int + Dia: double + X:double + Id: gring {id}
+ PostionRanking: int + Material: double + Y. double + |sAvailable: boolean
+ Score: double + Podtion: double + Z:double + T - R ¢ i
+ SizeRanking: int + Size: double e
+ TotalRanking: int + Weight: double
+ WeighRankng: int
«enumerations wenumerati_.. «enumerations
PlanningType MaterialType ResourceType
Backward planning CSs MP
Bachkward bucketing| LTes: X
Forward planning 85 C3
CN
None

Fig. 11 Structure of data transfer objects of the system

5.1.1 SpooIDTO
‘SpoolDTO’ += Hj#Aj9} #AHA BE
=S oudE=  ‘Spoolld” 7} Key valueolw, UmA] HAFES wjdA] X<+
il

A HZ ke Hagt W wiaA X AY el 2

o
o
Ll
35
%
315
rlr
)
H
@)
Ll
lo
=)
rot
v

>4

AE, A7 AE, Ad AH, FASA HAE, SFHT 2 VA AR gk
Aoty =3k v HAeA HRHIFE T ¥HEH=

z
A, 29 AR, el T MW AF B2, GARYAL @
== ]

A oA
A 2F 55, A4 AY 2F 55, sAAs 2 e, o9 AHen. g
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3 v AA) AR eA HAHEe A3 dolE It WA AX AE sHe Y d
olHlE  AMgHT  wiEA AR A g T4 A3 HolEE
‘InstallScheduleDTO” ol A7= AS 45 AHHol ofgt Mool el

Table 11 Parameter list of SpoolDTO

Parameter Description Data type
Spoolld 2ET String
Weight A Ar Double

Size A7) AR Double
Diameter 274 AR Double
Material A AR Material Type
Ranking 9 AR RankingDTO

CenterPoint FAFA 3L CoordinateDTO

InterferenceSpools Al Qg M 28 55 List<SpoolDTO>
DistanceSpools bz AAR | oSt e ~F H= List<SpoolDTO>
PreSpools A A 2% E= List<SpoolDTO>
WeightingCoefficient 3RS E 71 WeightingCoeffDTO
Schedule AY 8 J5 InstallScheduleDTO
5.1.2 RankingDTO

‘RankingDTO’ = ®j#tA 2XeA HZ3E 35ty AjtEH= wjadA <
Aol ot ARy x3d DTOE ofnigith. DTOC & vl #Al AX A A3}
A ANA AEE FA =9, 271 <9, 9A <=9, A4 &9, AE &=
g g7 ow, olE nigoR AlEe 4 wi#AY] HFT Aot AF
o g Wt £3E o] Jdk(Table 12).

Lo
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Table 12 Parameter list of RankingDTO

Parameter Description Data type
WeightRanking A <=9 Int
SizeRanking 7] +4 Int
PositionRanking A =4 Int
DiameterRanking 27 =4 Int
MaterialRanking A4 =4 Int
TotalScore HE A Double
TotalRanking HZF &4 Int

5.1.3 MaterialType

‘MaterialType® 2 #j#Ae] A&l F/HE FAF(enumo=E
RE oudtt}  ‘MaterialType’ o= wi#&A o] A& FolA 714

2}A)sF=  ‘Cooper nickel” , ‘Low temperature carbon steel’

’

=

Eas
B H

S

‘Stainless

steel’ , ‘Carbon steel’ o gt &Fo] Z3x o] lom, o] 99 7[gf XA

2 ‘None’ olgl= 3o g Edste] #e|x 3 QtiTable 13).

Table 13 Item list of MaterialType

Item Description
CN Cooper nickel

LTCS Low temperature carbon steel
SS Stainless steel
(O3 Carbon steel

None None

5.1.4 WeightingCoeffDTO

‘WeightingCoeffDTO” & A& s 72 FAWMFY 7FsXd dig
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33 Q= DIOE ejul@tt. DIOol:= 54 Amnel 7154, 27 Ane| 715
A, 9124 ARe) AEA, A4 Anel AEA, A Anel AFAel B Ws
7h =@ o} YrkTable 14).

Table 14 Parameter list of WeightingCoeffDTO

Parameter Description Data type
Weight A AR A Double
Size A7) AR 7hA Double
Position A AR 7hA Double
Diameter A7 A 7HEA Double
Material AE HH A Double

5.1.5 CoordinateDTO

‘CoordinateDTO’ = Hi#Ale] 9% ARE #AHsHr] Y3 3 HARE =

3ok gl DTOE oW @ehTable 15). @A) l@bal HX A H258 S8
g o R A AGRAL A& ) B o] HAE HuE |

o= 7AYE Axtste ZAo] X3 At o] W widA e & HEE Al
BA e FA T4 HEE AHESIAL 1o, ‘SpoolDTO’ of| A Hlj =) <]
A HFE AYstr] Y8l ‘CoordinateDTO’ S AR&3ta Qo

Table 15 Parameter list of CoordinateDTO

Parameter Description Data type
X X #3% Double
Y Y % Double
7 7 3% Double
5.1.6 PlanningType

‘PlanningType’ < ®jaA) A2 AY s PRl iz ARE <IAI
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(enum)e. 2 #HEst= HEE ustt.  ‘PlanningType’ o= 4.3014 g2Jgk
W@ Ax A 49 Wl ‘Backward planning’ , ‘Forward planning’
|

R
H
‘Backward bucketing” o tigt AR 7} E3HE o] tH(Table 16).

Table 16 Item list of PlanningType

Item Description
Backward Backward planning
Forward Forward planning

Bucket Backward bucketing

5.1.7 ResourceDTO

‘ResourceDTO’ = wi&#A 24 A8 Y Al ALEH= ajdA 2A A
gazo] ik ARE #AYstr] 9k DTOE ovngtt. gli&xw S on
= ‘Resourceld” 7} Key valueelH, #a2o] FF/ol| sk AR} glaxv})
A 7HERE GEIJA ARE #d sk BRIE EHE] Ath(Table 17).

ko
e
e

o

Table 17 Parameter list of ResourceDTO

Parameter Description Data type

Resourceld Bt String
Type Yrr 25 ResourceType

IsAvailable 7HE ol 5 bool

5.1.8 ResourceType

‘ResourceType’ & wi&Al AX A FH A L= wAAY FTF/HE
dAFgor #HEstr] Y3 FARE oudt.  ‘ResourceType’ o= <¢lgo] tf
g AR A i ARE FEE] Qo ARl EF HE FEH
o] JtHTable 18).
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Table 18 Item list of ResourceType

Item Description
MP Man power
Cl Crane 100ton
C2 Crane 300ton

5.2 H|ZU2 AXVE w4 A7
NzRE ALE 9 Bad s)s w2 vxys 3

g AT WEA X B Az A zERYas of

|

‘omp Components
1
| ~—
| -
} T
| S
1 R
et cbusiness contrla h =
= ScorMgr 1 i
[ ™
+ CaloulateScoreff void |
1ScoeMgr 2 [P — e
o
! N 7 abusnesscontols 2] [
L NS ] Interferencelgr : !
1
pd 4 / + Calolateinterierence{sing): DatsTable I
[ I
P - — I
F [ sbusnezentty > I
L o0 Resourcelrfo |
: I
p ! ] [¥ CeacrestesREnu=0TO} od \
. | i |+ impotRemumeRileining): wid I
i + RemoweResurce{nng) void !
5 [l + il FemureDTO I
r ! ; + FequadReayired Enumeie Sl o i
, | + UpdaeResoume[Resourmali O): wid I
s [ |
/ Wt I
' i i
i i1 . !
- I abusinessenttys
ot sbusnesentity £) i ehiine= okl g) Interfere nceinfo &l
j/" Spoolinfe 1 Planninglnfo
+ ImpotinerrenceM atixsting): void
+ OeaeSpool(SpociDT Ok vwid + AmignResours fsring) wid + DatsTable linter
+  ImportSpooiFie{ding): wid + Chedéwvailable Resurce(} wid
+ RemoweSpoolisting): wid + InsenFlanningWork: void
|Sposiiio + ﬁé:mgsm:ggq;nsman‘l;gwms - v R i ord
b2 uestSpool {strin: pool Jpdate Re: oSt tus(): wid
+  UpdateSpool(Spool DTCH: wid bt R i

Fig. 12 Business component model for developing the system
EZ

::’:_

o}z] o] Table 199} o] 7709 A=EW
E29} 3709 Controller ©A1¢] %
Model ©A¢]

AA vzY2x AxXd
TA4E 0] k. 4712 Model @A)
HERZ FAHY Atk HEZUER] ofwrt ‘Info’ ¢ 2L

-4

Iyl
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XU EOS|H, onyF  ‘Mgr’ l AL Controller ©AS FHIEJIEO|T
‘Spoolinfo’ HEXAEE= wjdA<} FHH dHolEE AHeEsr] 9 A== +
d¥o]l Aot ‘Planninginfo’ & wj#A) Hx AL F£Hsr] 93 WA=
TAE Atk ‘Interferencelnfo’ & ZFHWIEYE 2~ #AH dolHE A ElsH7]
Y35k MAER FAFo] Y. ‘Resourcelnfo’ &= g4 #HE HolHE A
7] 9% WA=z FAFHo ok ‘ScoreMgr’ = Hi#EA XA =99 AF
A, HAF 92 AMsr] 93 A=z FAEo Qtd.  ‘PlanningMgr’ 2
Ad 8 WHA oE AF S Wi WA=z FAEo Ut
‘InterferenceMgr’ & wWi#A o] 7 A= A4 e FYste WAER 74

= of At
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Table 19 List of components in the business component model

Component Method Parameter Return value
CreateSpool SpoolDTO
ImportSpoolFile Filepath
Spoolnfo RemoveSpool Spoolld |
RequestSpool List<SpoolDTO>
RequestSpool Spoolld SpoolDTO
UpdateSpool SpoolDTO
AssignResource Resourceld
CheckAvailableResource Boolean
PlanningInfo InsertPlanningWork Spoolld
RequestAvailable Works List<SpoolDTO>
UpdateResourceStatus Resourceld
Interferencelifo ImportInterferenceMatrix Filepath
RequestInterferenceMatrix DataTable
CreateResource ResourceDTO
ImportResourceFile Filepath
Resourcelidfo RemoveResource Resourceld
RequestResource Resourceld ResourceDTO
RequestResources List<ResourceDTO>
UpdateResource Resourceld
ScoreMar CalculateSCO%e
CalculateRanking
PlanningMgr CalculatePlanning Planning Type
InterferenceMgr Calculatelnterference Filepath DataTable

53 Al=H 3d 74

vl dA Az HeE] A" stHe F TR 5o JAtiTable 20). 7709
3 AREAE Aol B, wjdA AAeA HZ et AdEd s, wjaA 2A
Ag #A sHog FET F QU
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Table 20 View list of the system

View name View description Function Function description
EE o A wj A AA) AgS FHE 5 HEE At
3 | 1olo JEls] i Joj o
W A2 A e 3D o A B sle Adstel A AlA A]le
S i
) ; o =
Seting | AH8APF 27] ARE B A 4% 2 gusel AEAE AAan
A Ty W A 371 A 9 WY T dake wiHs dEsith
Axgad A4 ZpQjo] FEH ook sz YAE Yt
Input w2 H44RE RHojFr w2 &35 7HA 8} ShH Aol wjA] AR 23 Ho)ES HolF
Interference matrix | {HIWIEZ 27} 74AIsHE T HmE 2 7R 8} A A4 3 & MuER S JRE BoF)
WA AXeA HA3E B Ak adA AXee
Raking | 92 A48 A 202 noid | ikl AAesl A e | o AR A0 Sel ARk Wil AR
ARE HolFr)
HY & 2 21 2= X ix%‘gi— ALE) H{} }\4‘/:}\
WA Aol | T AR 245K B AT g 40
Output A A<M ARE HolEt AHZ HoF),
Hl A AREA] AR HEW7] | s3] XA JRE A grow 2Eeit)
) w7 AR A dr 7RAsE | A AR Al JRE HolE FEHE HoFEr
Planning WeA AT 5y AE Rejzt o o .
Hl A A AlE AR gEU7] | A AA AY GRE A PHog FES)
LR 2 B e R e e R P i wEA Ax AE ARE DEAE JE 7 Kol
Gantt—chart A AlY a9 Ave BoFth Hl A A AlE AR EW7] | a3 AA] Al RE XML 34 o2 FE3)
ZF A e A AR ZRAEE | ZE elaae] A AlE S ARE HolE
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AEAE AHo] S ARgAYE 27 21E AAEH, BE 21e A4S &
of Wi#A XA HAS B A HA AY FHES TR AT HE]
x3E ] Tk AAEAZE AAS o e 27 2L F AR, A HAE W)
A A AYs THE EF5 AEE A9t Aolth &2 wj#A HA <
A HAZLE 97 4 8T 7heAE 2Aske Aol ok o] Fig. 133
2ol Z+ FAAHF JEAE AP AL = donH, 249 AT 4 %
o v Y-S HEoR VHEAE AT v Avh B uj#EA] HX AE
3 WyS Adgs)or dh.  ‘Backward planning’ , ‘Backward bucketing’

‘Forward planning” % 17kA W3S A3t agla A93 229 wjd
A7t B A7} gEHolok s 7|2Y AR $29¢ AR o 37}
A 2L A SBF Fo wMTA A A I wWBA WX HAg
Aedat MdA 24X A FH AYe FAL 5 ATk

{3} setting 3] input ] Interference matrix {{} Ranking (3 output (3 Planning (B Gante-chart
Block list : ]

Check interference Calculation Planning

Setting initial condition
Weighting coefficients

Direct setting O Paired comparison O Weighting coefficients
If left value is more important than right value, select minus factor in combo box o
Position 0.6 Else, select plus factor in combo box. P Check weighting
r— N : — \ Position coefficients
0.05 Position -9 - Size Size 3 ‘| Material
Size - AP |
Position  |-7 Material Size S| Weight Sz
Weight 0.1 e
Position .9 Weight Material -3 Weight Weight
Material 0.05
Dia 3 Position Dia -5 Size Material
Dia 0.2 i P )
Dia -3 v Weight Dia -3 Material Dia

Planning setting

& Backward planning O Forward planning O Backward bucketing

Finish date
(yyyyMMdd)

Fig. 13 “‘Setting’ view of the system

WA AXeAr HHstel ddd ol T 4719 3ol Atk AREAE
WA F8& AgsiA HY AddgE T8 xR wjdEAe] £A4FETL
‘Input” 3tHe FAEHE S AT 5 JdorFig 14, 3 Az IS
+33tA =™ ‘Interference matrix’ 3o AAH HAMEH2E AT
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mE >

ATHFig. 15). 127 wjwA AxeA A3 4 Fasid 2 FHAS
£9g Jmoz HF 42 +97) AdHE 34L& ‘Ranking' 3ol x
sl 4 QItFig. 16). 3 ‘Output’ SHolA moAe] 43 =9lo} wjw
A A A gre] AFa WA Be MBA A w4 FHE BAD 5

' ' 2 © H#A EAeA HolHE A4 FHo
tHFig. 17, Fig. 18). o] &A= wjaA XA HolHE A F2o =
A 7= ot
8 Appicstion forcolcltion of e sequence - x
@ Setting a Input @ Interference matrix ({15 Ranking E’: Output E Planning B Gantt-chart

PROJ_.NO BLK.NO TAG_NO SPL_NO DIA LTH MATL WGT ITR_PIPE_}=S_INPR_ID'S_INP_DTNIN_CHGR_I(N_CHG_DT

SN2444 R160T R1655001 -23L10007A-AS2EX1-03-S1 4 1549 88 13.1770 A

SN2444 RIGOT | R16SS002 ~23L10007A-AS2EX1-03-52 4 1469 ss 21.4960 A

SN2444 RIGOT | RI6SS003 ~23L10026A-AS2EX1-01-51 4 2138 ss 18.1870 A

SN2sad RIGOT | RI6SS004 ~23L20026A-AS2EX1-01-51 4 1248 ss 10.6160 A

SN2aad RIGOT | RI6SS005 ~23L20007A-AS2EX1-01-51 4 450 ss 16.7250 A

SN2444 R160T R1655006 -23L20026A-AS2EX1-01-52 4 1536 S5 13.0660 A

SN2444 R160T R1655007 -23L20007A-AS2EX1-01-82 4 1908 88 16.23 A

SN2444 R160T R1655008 -23L10007A-AS2EX1-01-S1 4 5701 88 57.7430 B

SN2444 R160T R1655009 -23L10007A-AS2EX1-01-S2 | 4 ~ | = 2407 _Ss 22.4750 B

SN2444 RIGOT | R16SSO10 ~23L10007A-AS2EX1-02-51 4 4034 ‘T ss 40.1180 B

SN2444 RIGOT | R16SSO11 ~23L10007A-AS2EX1-02:52 4 815 ss 17.5030 B

SN2sad RIGOT | RI6SSOI2 -23L10007A-AS2EX1-02-53 | _ 4 25.5680 )

SN2aad RIG0T | RI6SSO13 4 9.4990 B

SN2444 R160T R1655014 6,5590 B

SN2444 R160T R1655015 B

SN2444 R160T R1655016 ’23L10025A’ i B

SN2444 R160T R1658017 -23L10026, 2F g B

SN2444 RIGOT | R16SSOI8 -23L10026A-AS2EX1-02-54 )

SN2444 RIGOT | RI6SSOI9 231 20007A-ASPEX 1-02-51 B

SN2aad RIGOT | RI6SS020 -23L20007AAS2EX 1-02-52 [

SN2aad RIGOT | R16SS021 ~23L20007A-AS2EX1-02-53 (-

SN2aad RIGOT | R16SS022 ~28L20007A-AS2EX1-02-54 B

SN2aad RIGOT | R165S023 3L20007A-AS2EX1-02-S5 B

SN2444 R160T R1635024 f B

SN2444 R160T R1655025 ¥ B

SN2444 R160T R1655026 | B

SN2444 R160T R1655027 B

SN2444 R160T R1655028 B

SN2444 R160T R1655029 B

SN2444 R160T R1655030 -23L20026A-AS2EX1-02-S5 B

SN2444 RIGOT | R16SS031 -23L10006A-AS2EX1-01S1 | A

SN2444 RIGOT | RI6SS032 ~23L10006A-AS2EX1-01-52 A

SN2aad RIGOT | RI6SS033 -25L20006A-AS2EX1-01-51 | A

SN2aad RIGOT | RI6SS034 ~23L00802A-AS2EX1-01-51 A

NP4 RIGOT | R1ASS03 | RIAOT | 00AN2A-ARIEY1-01- v

Fig. 14 ‘Input’ view of the system
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8 Appication forcalculation of pipe sequence

o
o

0

o

231.20026 23120026 23110007 23L 10007 23110007 2310007 23L 10026 23L 10026 -23L 1002¢-23L1002¢ 231 20007 23L 20007 23120026 23120026 231 20026 231 20026 231 20026 -23L.21"

0

Sooooolosoooooooosososooooosossoooo
soooooloooooolooooonesloosoossseosoe
sooooolooooooooooonosoooooooooooooo
so—ooolooooooooosososooooosossosoo
sooooolooosoolooooonesloosoossseosoe
Soooooooooooooosososooooosossosoo

5o ooooloooooololooooooolooooonoseloo~
5o oooolosoooolooooonooooooo-ooooooo
5o oooolooooooooooobosooooonososo
soooooooosooooosososo-«ooosossosoo
5o ooooloo/olo/oololooooooolooooooosloloso
sooooolosoooolooooonosoooooonooooo— <
sooooolooosoolooooososooooossseoso
>/cooloololo/olo/oolololooolooolololooooosloloso

So-ooolooooooooooonosoooooonsosoooo

sooooolooososolooooososooooonsseoso

voloooooosloololoooonosooeosoosooosoo

Fig. 15 ‘Interference matrix’ view of the system

8 Application for calculaton of pipe sequence

S e —

Name of Outfitting PositionRank: WeightRank SizeRank MaterialRank. DiaRank Score FinalRank
» Lm 4 i 5 3 3 3.9 284
5 5 3 3 45 319
9 2 3 3 6.75 396
4 9 3 3 3.9 284
5 5 NN\ 5 - T Frzzs7 X 3 45 319
R160TA-4-VA-A-23L20... 3 o d Ve B TIAN 3.3 231
R160TA-4-VA-A-23L20... 4 3.9 284
R160TB-4-VA-A-23L10. 1 1.5 13
R160TB-4-VA-A-23L10... 1 | Iy - UJE \_\\ 1.95 32
R160TB-4-VA-A-23L10... 3 1 g A 3 3 2.7 154
R160TB-4-VA-A-23L10... 1 5 3 3 2 52
R160TB-4-VA-A-23L10. 1 5 3 3 2.1 52
R160TB-4-VA-A-23L10... 2 5. 3 8 2.7 154
R160TB-4-VA-A-23L10... 8 5 5 3 3 6.3 384
R160TB-4-VA-A-23L10... 2 5 5 3 3 2.7 154
R160TB-4-VA-A-23L10... 2 5 2 3 3 2.55 133
R160TB-4-VA-A-23L10... 1 5 5 3 3 2.1 52
R160TB-4-VA-A-23L10... 1 5 5 3 3 2.1 52
R160TB-4-VA-A-23L20... 3 5 5 3 3 3.3 231
R160TB-4-VA-A-23L20... 3 5 5 3 3 3.3 231
R160TB-4-VA-A-23L.20... 2 5 5 3 3 2.7 154
R160TB-4-VA-A-23L20... 1 5 5 3 3 2.1 52
R160TB-4-VA-A-23L20... 3 1 1 3 3 2.7 154
R160TB-4-VA-A-23L20... 1 1 1 3 3 1.5 13
R160TB-4-VA-A-23L.20... 1 1 1 3 3 1.5 13
R160TB-4-VA-A-23L.20... 2 5 5 3 3 2.7 154
R160TB-4-VA-A-23L20... 1 5 5 3 3 2.1 52
R160TB-4-VA-A-23L20... 1 5 2 3 3 1.95 32
R160TB-4-VA-A-23L20... 3 1 1 3 3 2.7 154
R160TB-4-VA-A-23L.20... 4 5 5 3 3 3.9 284
R160TA-2-OL-A-23L10... 4 5 5 3 4 41 292
R160TA-2-OL-A-23L10... 3 5 5 3 4 3.5 237
R160TA-2-OL-A-23L20... 6 5 5 3 4 5.3 347
R160TA-2-VA-A-23L00., 15 5 5 3 4 10.7 436
21AOT, 100 5 5 ] a 165

Fig. 16 ‘Ranking’ view of the system
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8 Appication forcalculation of pipe sequence

{3 setting ) input F interference matrix (f} Ranking (2 Output B planning (3 Gantt-chart

Weighting coefficients Data list
BLOCK NO CASE NO
Position ~ Size  Diameter Weight  Material O i O Reiation ki \ E -
@ @ nstallation ranl ing elation between spools
Case Id Block Spool no Installation ranking Pre works &
R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-81 213 . R160TB-3-DO-A-56L00892A-AD210-.
0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 272 . R160TB-2-OF-A-62L00009A-AD120-.
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-51 341 , R160TB-2-OF-A-62L00009A-AD120-.
CASE_0007 R160T R160 23L20026A-AS2EX1-01-51 213
CASE_0007 R160T R160TA-4-VA-A-23L20007A-AS2EX1-01-S1 212 R160TA-2-OL-A-23L20006A-AS2EX1-.
CASE_0007 R160T R160TA-4-VA-A-23L20026A-AS2EX1-01-52 145 , R160TB-3-DO-A-56L00892A-AD210~
CASE_0007 0 R160TA-4-VA-A-23L20007A-AS2EX1-01- 213 , R160TA-2-0L-A-23L20006A-AS2EX. . |
CASE_0007 0 23L10007A-AS2EX1-01+ 1 . R160TB-6-DO-A-56L00821A-AD210~
CASE_0007 R160 L10007A-AS2EX1-01- 48 DO-A-56L00821A-AD210-.
CASE_0007 R160 L10007A-AS2EX1-02- 35 DO-A-56L00821A-AD210-.
CASE_0007 R160 3L10007A-AS2EX1-02- 84 OF-A-62L00009A-AD 120~
CASE_0007 R160T 23L10007A-AS2EX1-02-53 84 DO-A-5600827A-AD210-.
CASE_0007 R160T 23L10007A-AS2EX1-02-54 116 DO-A-56L00892A-AD210-.
CASE_0007 R160T 23L10026A-AS2EX1-01-52 364 OF-A-62L00009A-AD 120~
CASE_0007 R160T 23L10026A-AS2EX1-02-51 116 OF-A-62L00009A-AD 120~
CASE_0007 R160T 23L10026A-AS2EX1-02-52 66 DO-A-56L00892A-AD210-
CASE_0007 0 23L10026A-A52EX1-02-53 84 . R160TB-3-OL-A-23L10034A-AD130~
CASE_0007 0 23L10026A-A52EX1-02-54 8
CASE_0007 0 L20007A-AS2EX1-02-51 146 . R160TA-2-OL-A-23L.20006A-AS2EX. .
CASE_0007 R160 L20007A-AS2EX1-02-52 146
CASE_0007 R160 L20007A-AS2EX1-02-53 116 R160TB-4-VA-A-23L20007A-AS2EX1 -
CASE_0007 0 L20007A-AS2EX1-02-54 8 , R160TB-6-DO-A-56L00827A-AD210-... |
CASE_0007 R160T 23L20007A-AS2EX1-02-55 35 R160TB-4-WC-A-40L00049A-BD130-0.
CASE_0007 R160T 23L20007A-AS2EX1-02-56 1 , R160TB-6-DO-A-5600821A-AD210-.
CASE_0007 R160T R160TB-4-YA-A-23L20007A-AS2EX1-02-57 1 , R160TB-6-DO-A-5600829A-AD210-.
CASE_0007 R160T R160TB-4-YA-A-23L20026A-AS2EX1-02-51 116 | RI60TA-4-VA-A-23L20026A-AS2EX. .
CASE_0007 R160T R160TB-4-YA-A-23L20026A-ASZEX1-02-52 84
CASE_0007 R160T R160TB-4-VA-A-23L20026A-AS2EX1-02-53 48 , R160TB-6-DO-A-56L00827A-AD210~
CASE_0007 R160T R160TB-4-YA-A-23120026A-AS2EX1-02-54 35 . R160TB-6-DO-A-56L00821 A-AD210~
CASE_0007 R160T R160TB=4-YA-A-231 20026 A-AS2EX1-02-55 213 R160TB-3-WF-A-71L01805A-AT140-0... |, g
. ‘ s . . .
Fig. 17 ‘Output’ view of the system (Installation ranking)
i a X

& Applcation for calcultion of pipe sequence

@ Setting S Input @ Interference matrix Eﬂ] Ranking 8 Output B Planning B Gantt-chart

Data list

BLOCK NO

CASE NO

Size

Weighting coefficients

Diameter

026 0.18

Weight  Material

O Installation ranking

© Relation between spools

Roqest port |

Case Id Block Precedence Next

» __RIGOT OTA-4-V, 3L10007A-AS2EX1-03-81 |  R160TA-1-GI-A-64L00023A-AD130-01-83 |
CASE_0007 RIGOT | RIGOTA-4-VA-A-23L10007A-AS2EX1-03-S1 | R160TA-2-OL-A-23L10006A-AS2EX1-01-52 |
CASE_0007 0T | R160TA-4-VA-A-2310007A-AS2EX1-03-51 | R160TA-4-VA-A-23L10029A-AD130-01-51 |
CASE_0007 R160T R160TA-4-VA-A-231.10007A-AS2EX1-03-51 R160TA-4-YA-A-23L20026A-AS2EX1-01-82 |
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-51 | R160TA-2-VA-A-23L00802A-AS2EX1-01-82 |
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-81 | R160TB-4-VA-A-23L10007A-AS2EX1-02-84 |
CASE_0007 R160T R160TA-4-YA-A-23L10007A-AS2EX1-03-51 | R160TA-2-OL-A-23L20006A-AS2EX1-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-S1 R160TB-4-VA-A-23L10007A-AS2EX1-02-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-51 | R160TB-4-VA-A-23L10029A-AD130-02-51
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-81 | R160TB-6-DO-A-56L00827A-AD210-01-51
CASE_0007 R160T R160TA-4-YA-A-23L10007A-AS2EX1-03-52 | R160TA-1-Gi-A-64L00023A-AD130-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TA-2-OL-A-23L10006A-AS2EX1-01-81 |
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 R160TA-4-VA-A-23L10029A-AD130-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TA-4-VA-A-23L10007A-AS2EX1-03-51
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TA-1-Gi-A-64L00023A-AD130-01-53
CASE_0007 R160T R160TA-4-YA-A-23L10007A-AS2EX1-03-52 | R160TA-2-OL-A-23L10006A-AS2EX1-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 R160TA-4-VA-A-23L10029A-AD130-01-S1
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TA-4-VA-A-23L20026A-AS2EX1-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TA-2-VA-A-23L00802A-AS2EX1-01-52
CASE_0007 R160T R160TA-4-YA-A-23L10007A-AS2EX1-03-52 | R160TB-4-VA-A-23L10007A-AS2EX1-02-54
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-S2 | R160TA-2-OL-A-23L20006A-AS2EX1-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TB-4-VA-A-23L10007A-AS2EX1-02-52
CASE_0007 R160T R160TA-4-VA-A-23L10007A-AS2EX1-03-52 | R160TB-6-DO-A-56L00827A-AD210-01-51
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-81 | R160TB-6-DO-A-56L00819A-AD210-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-S1 R160TA-4-VA-A-23L.20029A-AD130-02-52
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-51 | R160TA-10-VF-A-43L00433A-AD120H-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-51 | R160TA-4-VA-A-23L10007A-AS2EX1-03-52
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-81 | R160TA-2-OL-A-23L10006A-AS2EX1-01-51
CASE_0007 R160T R160TA-4-YA-A-23L10026A-AS2EX1-01-51 | R160TA-4-YA-A-23L10029A-AD130-01-52
CASE_0007 R160T R160TA-4-VA-A-23L10026A-AS2EX1-01-S1 | R160TA-10-VF-A-43L00433A-AD120H-01-S3

Fig. 18
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HjAA A A Pl #EH o= F 2719 stHo] ot wj#A A
2 A8 9 ZAYS F3sA  ‘Planning’ WA HolE FHE PP Y
A AX AY ARE Y & JohFig. 19. =3 ‘Gantt-chart’ 3ol A
THE WA HAA AY ARV DE AE FHE FEE AL AT F A
o H(Fig. 20), Z+ #AL& AP S wE Fig. 213 Zo] Z zde AR HRE
g% 4 ¢ltf. gl ‘Planning’ W3 ‘Gantt-chart’ oAM= 27t

o}

o4 P23 XML FHOoE £Y8 MuA 42 AY FRE A 5 9

8 Aplcstion for calulton o ipe sequence = BX

E

QutfittingName CycleTime StartDate FinishDate HR Crane
3 —11-11 7 01:00:00 ~11-11 ©F 06:00:00 jorker_
R160TA-4-VA-A-23L10007A-AS2EX1-03~ -11=11 2% 10:00:00. -11-12 23 03:00:00 orker_
R160TA-4-VA-A-23L10026A-AS2EX1-01- -11-14 ©F 09:00:00 ~11a14 2 02:00:00 Orker.
R160TA-4-YA-A-23L20026A-AS2EX1-01= =11218 @2 10100100 1 1-14/27 03:00:00 orker_
R L20007A-AS2EX1-01- =112 28 11:00:00 =11-12 2% 04:00:00 orker_
R L20026A-AS2EX1-01= -11-08 2% 06:00:00 -11-08 @ 11:00:00 orker_
R L20007A-AS2EX1-01= -11-12 S 12:00:00 =11-12 &% 0500:00 orker_
R160TB 0007A-AS2EX1-01-S1 -10-30 S 10:00:00 18-10-31 S 0270000 jorker_
R160° 23L10007A-AS2EX1-01-52 -10-31 S 11100100 2018-11-01 221/04:00:00 orker_
R160° 25L10007A-AS2EX1-02-51 -11-05 2% 05100100 2015-11-05 2% 09100:00 orker_
R160 23L10007A-AS2EX1-02-52 -10-31 2% 08:00:00 11-01 ©01400:00 Orker_
R 25L10007A-AS2EX1-02-53 £11-01 97 06:00:00 ~11-01 2% 01.00:00 orker
R L10007A-AS2EX1-02-54 ~11-06 S 06:00:00 =11-06 2% 11:00:00 orker_
R L10026A-AS2EX1-01-52 =11-13 == 07:0 ~11-14 2 12:00:00 lorker_
R L10026A-AS2EX1-02-51 ~11-06 25 04:0 ~11-06 2 09:00:00 orker_
Rl 0026A-AS2EX1-02-52 ~11-05 23 04:01 =11-05 S 09:00:00. jorker_
R160° 23L10026A-AS2EX1-02-53 2018-11-02 S 05:00: =11=02 ©F 08:00100 jorker_
R160 23L10026A-AS2EX1-02-54 2018-11-02 27 02:00 ~11-02 271 07:00:00 orker_
R160 23L20007A-AS2EX1-02-81 2018-11-10 2% 07:00:00 =11=11 2 12:00:00 Orker.
R 23L20007A-AS2EX1-02-52 ~11-10 2.2 07:00:00 ~11-11 251 12:00:00 orker_
R L20007A-AS2EX1-02-53 -11-06 @2 03:00:00° -11-06. 9 08:00:00 orker_|
R L20007A-AS2EX1-02-54 =11-01 27 06:00:00 =11-01 @& 11:00:00 orker_
R L20007A-AS2EX1-02-55 -11-06.88 07:00:00 2018-11-06 2 11:00:00 orker_
Rl 0007A-AS2EX1-02-56 -10-31 S 05:00:00 2018-10-31 S 09:00:00. orker_
R160° 23120007 A-AS2EX1-02-57 -10-31 S 01:00:00. 2015-10-31 271 05:00:00, orker_
R160 23L20026A-AS2EX1-02-51 =11-06 @71 06:00:00 2018-11-06 @3 11:00:00 orker_
R160 23L20026A-AS2EX1-02-52 -11-02 7102:00:00 -11-02 23 07:00:00 orker_
R 23L20026A-AS2EX1-02-53 -10-31 22 03:00100 -11-01/@7 02:00:00 orker_
R L20026A-AS2E -S54 -11-06 24.03:00:00 -11-06 2 07:00:00 orker_
R L20026A-AS2E -S5 =11-13 S 01:00:00 =11-13 @4 06:00:00 orker_
R -2-0L-A-23L10006A-AS2EX1-01-51 ~11-11 2&1-11:00:00. 2018-11-11 S 05:00:00 orker_
R160TA-2-0L-A-23L10006A-AS2EX1-01-52 ~11-09/ S 08:00:00 2018-11-08 S% 12:00:00 jorker_
R160TA-2-0L-A-23L20006A-AS2EX1-01-51 1 1112 9% 06100100 2015-11-12 ©% 09:00:00 Worker_5 B

Fig. 19 ‘Planning’ view of the system
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5 Appication for calculation of pipe sequence
{3 setting ) input F interference matrix ({} Ranking (3 output (3 planning [ Gantt-chart,
B H[2CH| % |EAawomf X S V-4 IR %[ A0 R [O-B B[S

EEE #1031 8111 =1

=il

°H3 | oMo 253|259 | oM3 | 289|253 09| o3 | Mg |23 | 259 |oM3 | 289|253 29| oM3 @9 | 0z

303 R160TB-16-DO-A-56L... MP

302 |R160TB-16-DO-A-56L... MP

299 R160TB-14-DO-A-56L... MP

300 |R160TB-14-DO-A-56L... MP

336 R160TB-6-DO-A-56L0... MP
324 |R160TB-6-DO-A-56L0... =3 MR

314 R160TB-6-DO-A-56L0... MP

97 |R160TB-10-VF-A-43L... P
311 | R160TB-6-DO-A-56L0... :{ M{"

295 |R160TB-10-DO-A-56L... T MP

294 R160TB-10-DO-A-56

MP

MP

P
R160TB-4-WH-A-41L... 3 mpP

R160TB-4-WH-A-41L... imr
R160TB-3-WF-A-71L0... MP

R160TB-16-DO-A-56L...
R160TB-3-VA-A-23L0... =1 mp { |

R160TB-14-DO-A-56L...

R160TA-6-WC-A-40L...

R160TB-3-WF-A-71L0... MP

R160TA-4-WC-A-40L... ™

m

R160TB-3-VA-A-23L0... Mi

MP
R1ANTR_AVA-AD21 1 MP

Fig. 20 ‘Gantt chart’ view of the system

Iy EE X
AHOE: Rkid
[R1607-16-DO-A-56L0DE2SC-AD210-D1-51 [ 0GR
27z aC, el

N e [Aewnesdwn O~
CESTEPCEFL] —

(@Rt |
[ 22 ZA|ZE{summary bar)0 215
[0 2 EHt0] 2t

2018-10-31 25 %00 B~ \

I3

MBI gar IZ TIAE

MBI T 0|F: |
I R160TE-14-DO-A-56L00857B-, ~ ‘
MBS
| Z2094 AR (F5) v
=7 |
— EX
AR
=

Fig. 21 Detail information about planned

spool installation work
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Table 21 Spool attribute data of standard case

Spool no. Diameter Length Material Weight Penetration
Spool_1 4 31 LTCS 7372 B
Spool_2 4 439 LTCS 52.439 B
Spool_3 4 303 LTCS 3677 B
Spool_4 6 619 LTCS 37.092 B
Spool_5 6 693 LTCS 16257 B
Spool_6 6 1132 LTCS 24.061 B
Spool _7 6 1137 LTCS 38878 B
Spool_8 6 15% LTCS 31283 B
Spool 9 6 1132 LTCS 50.19 B
Spool _10 6 307 LTCS 9715 B
Spool_429 4 526 SS 14.339 B
Spool_430 4 2211 SS 25818 B
Spool_431 4 4308 SS 39.862 B
Spool_432 4 1539 SS 13.092 B
Spool_433 2 1138 SS 8635 A
Spool_434 2 829 SS 8434 A
Spool_435 2 1155 SS 10497 A
Spool_436 2 1006 SS 7438 A
Spool_437 2 2755 SS 13429 A
Spool_438 2 1631 SS 6516 A
- 55 -
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Table 22 Weighting coefficients of the standard case

Parameter Weighting coefficient
Position 06
Diameter 02
Material 0.05
Weight 0.1
Size 0.05

6.12 Ax <45 473
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Table

23 Data of calculating installation ranking of standard case

Spool no Position | Weight | Size | Material | Diameter | Score | Final Ranking
Spool_1 1 4 5 5 3 2.1 57
Spool_2 2 3 5 3 25 132
Spool_3 2 5 5 5 3 28 1%
Spool_4 3 3 3 5 2 29 19
Spool_5 2 3 3 5 2 23 103
Spool_6 8 3 3 5 2 59 375
Spool _7 1 3 3 5 2 17 12
Spool_8 1 3 3 5 2 17 12
Spool 9 7 3 3 5 2 53 3A
Spool_10 2 4 3 5 2 24 113
Spool_429 4 4 5 3 4 4 293
Spool_430 3 4 5 3 4 34 239
Spool_431 6 4 5 3 4 52 3l
Spool_432 15 4 5, 3 4 106 437
Spool_433 2 3 3 3 4 26 146
Spool_434 1 4 5 3 4 22 78
Spool_435 16 4 5 3 4 112 438
Spool_436 2 3 3 3 4 26 146
Spool_437 8 3 3 3 4 6.2 334
Spool_438 15 3 5 3 4 105 435
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Table 24 Installation ranking data of standard case

Spool no Installation ranking Pre works

Spool_1 57 Spool_2, Spool_42, Spool 43, -
Spool_2 132 Spool_3, Spool_39, Spool_41, -
Spool_3 19 Spool_39, Spool_41, Spool 57, -
Spool 4 19 Spool_186, Spool_19, Spool 31, -
Spool_b 103 Spool_177, Spool_180, Spool 181, -+
Spool_6 3 Spool_180, Spool_191, Spool_200, -+
Spool_7 12 Spool_22, Spool_23, Spool_25, -+
Spool_8 12

Spool_9 3 Spool 179, Spool_180, Spool 181, -+
Spool_10 113 Spool_205, Spool_224, Spool_225, -+
Spool_429 293

Spool_430 239 Spool_399, Spool_400, Spool_429
Spool_431 3l Spool_224, Spool_225, Spool_271, -+
Spool_432 437 Spool_435

Spool_433 146 Spool_432, Spool_435
Spool_434 78 Spool_431

Spool_435 438

Spool_436 146 Spool_435

Spool_437 334 Spool_433

Spool_438 435 Spool_435
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Table 25 Relation data between spools of standard case

Predence Next Relation
Spool_176 Spool_397 ES
Spool_177 Spool_5 ES
Spool_177 Spool_15 ES
Spool_177 Spool_48 ES
Spool_177 Spool_89 ES
Spool_177 Spool_103 ES
Spool_177 Spool_144 ES
Spool_177 Spool_190 ES
Spool_177 Spool_216 ES
Spool_177 Spool_274 ES
Spool_386 Spool_48 FS
Spool_386 Spool 103 ES
Spool_386 Spool 214 ES
Spool_386 Spool_216 FS
Spool_386 Spool_365 FS
Spool_387 Spool_11 FS
Spool_387 Spool_48 ES
Spool_387 Spool_214 FS
Spool_387 Spool_216 FS
Spool_388 Spool_11 FS
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Table 26 Planning data of standard case using backward planning method

Spool no Cycle time Start date Finish date Resource
Spool 1 6 2018-11-05 274 09:00:00 | 2018-11-056 2% 03:00:00 | Worker 2
Spool_2 5 2018-11-08 27 0300:00 | 2018-11-08 2% 01:00:00 | Worker_3
Spool_3 6 2018-11-08 2% 02:00:00 | 2018-11-08 2% 08:00:00 | Worker_1
Spool_4 6 2018-11-10 24 12:00:00 | 2018-11-10 23 06:00:00 Worker 2
Spool_5 6 2018-11-07 24 0L:00:00 | 2018-11-07 27 07:00:00 | Worker_1
Spool_6 6 2018-11-12 % 12:00:00 | 2018-11-12 2% 06:00:00 Worker_4
Spool_7 6 2018-11-03 274 06:00:00 | 2018-11-03 2% 12:00:00 | Worker_1
Spool_8 6 2018-11-03 27 06:00:00 | 2018-11-03 2% 12:00:00 | Worker_3
Spool_9 6 2018-11-11 2% 03:00:00 | 2018-11-11 2% 09:00:00 | Worker 4
Spool _10 7 2018-11-06 2% 09:00:00 | 2018-11-07 27 0400:00 | Worker 2
Spool_429 4 2018-11-17 24 06:00:00 | 2018-11-17 27 10:00:00 | Worker_3
Spool_430 4 2018-11-15 2% 0400:00 | 2018-11-15 2% 0800:00 | Worker_1
Spooal 431 4 2018-11-12 24 02:00:00 | 2018-11-12 2 06:00:00 Worker_1
Spool_432 4 2018-11-19 2% 03:00:00 | 2018-11-19 2% 07:00:00 | Worker 4
Spool_433 3 2018-11-08 2% 0300:00 | 2018-11-08 2% 11:00:00 | Worker_3
Spool_434 4 2018-11-05 2% 0200:00 | 2018-11-056 2% 06:00:00 | Worker 4
Spool_435 4 2018-11-19 2% 0800:00 | 2018-11-20 &7 12:00:00 | Worker_1
Spool_436 3 2018-11-08 2% 04:00:00 | 2018-11-08 2% 07:00:00 | Worker 4
Spool_437 4 2018-11-19 24 07:00:00 | 2018-11-19 24 11:00:00 | Worker 2
Spool_438 4 2018-11-19 2% 0200:00 | 2018-11-19 2% 06:00:00 | Worker 5
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Fig. 22 Sample model for verifying the interference accuracy
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Fig. 23 Interference check between bounding boxes

Fig. 24 Interference check between Lines

Fig. 25 Interference check between

meshes
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Table 27 Result of interference check

Spool no expected position ranking real position ranking
Spool_1 2 2
Spool_2 1 1
Spool_3 1 1
Spool_4 1 1
Spool_5 1 1
Spool_6 1 1
Spool_7 2 2
Spool_8 2 2
Spool_9 3 3
Spool_10 3 3
Spool_11 3 3
Spoal_12 4 4
Spool_13 3 3
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Fig. 26 Gantt chart visualized plan established by the system (a)
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8 Aplcstion for calulton o ipe sequence

] B Gantt-chart

Fig. 27 Gantt chart visualized plan established by the system (b)

8 Appication forcalculation of pipe sequence
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65 | Spool 65
66 | Spool 66
67 | Soool 67
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Fig. 28 Gantt chart visualized plan established by the system (c)
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Table 28 Input data for creating simulation model

Precedence Next CycleTime Ranking Start date
Spool_1 Spool_4 4 12 2018-11-04 03:00
Spool_1 Spool 9 4 12 2018-11-04 03:00
Spool_4 Spool_2 6 13 2018-11-04 09:00
Spool_5 Spool_11 5 19 2018-11-07 04:00
Spool_11 Spool_23 4 24 2018-11-09 14:00
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Fig. 29 Data mapping between input data and adapter
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Fig. 30 Simulation model for spool installation simulation
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Fig. 31 Detail information of process(Spool installation work)
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Table 29 Result for Comparing between system data and simulation data

Spoolld System Simulation
Start date Finish date Start date Finish date
Spool_1 18-11-5 9:00 18-11-5 15:00 18-11-5 9:00 18-11-5 15:00
Spool_2 18-11-8 800 18-11-8 13:00 18-11-8 800 18-11-8 13:00
Spool_3 18-11-8 14:00 18-11-8 20:00 18-11-8 14:00 18-11-8 20:00
Spool_4 18-11-10 0:00 18-11-10 6:00 18-11-10 0:00 18-11-10 6:00
Spool 5 18-11-7 1:00 18-11-7 7:00 18-11-7 1:00 18-11-7 7:00
Spool_6 18-11-12 12:00 18-11-12 1800 18-11-12 12:00 18-11-12 1800
Spool 7 18-11-3 6:00 18-11-3 12:00 18-11-3 6:00 18-11-3 12:00
Spool_8 18-11-3 6:00 18-11-3 12:00 18-11-3 6:00 18-11-3 12:00
Spool 9 18-11-11 15:00 18-11-11 21:00 18-11-11 15:00 18-11-11 21:00
Spoal_10 18-11-6 21:00 18-11-7 4:00 18-11-6 21:00 18-11-7 4:00
Spool_429 18-11-17 6:00 18-11-17 10:00 18-11-17 6:00 18-11-17 10:00
Spool_430 18-11-15 16:00 18-11-15 20:00 18-11-15 16:00 18-11-15 20:00
Spool_431 18-11-12 2:00 18-11-12 6:00 18-11-12 2:00 18-11-12 6:00
Spool_432 18-11-19 15:00 18-11-19 19:00 18-11-19 15:00 18-11-19 19:00
Spool_433 18-11-8 20:00 18-11-8 23:00 18-11-8 20:00 18-11-8 23:00
Spool_434 18-11-5 14:00 18-11-5 1800 18-11-5 14:00 18-11-5 1800
Spool_435 18-11-19 20:00 18-11-20 0:00 18-11-19 20:00 18-11-20 0:00
Spool_436 18-11-8 16:00 18-11-8 19:00 18-11-8 16:00 18-11-8 19:00
Spool_437 18-11-19 7:00 18-11-19 11:00 18-11-19 7:00 18-11-19 11:00
Spool_438 18-11-19 14:00 18-11-19 1800 18-11-19 14:00 18-11-19 1800
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Table 30 Result for comparing with variability in work time

Spool no Cycle time . Simulation
Start date Finish date Start date Finish date
Spool_219 10 18-11-2 3:00 18-11-2 13:00 18-11-2 3:00 18-11-2 12:59
Spool_406 4 18-11-2 7:00 18-11-2 11:00 18-11-2 7:00 18-11-2 11:17
Spool_214 8 18-11-2 800 18-11-2 16:00 18-11-2 800 18-11-2 1551
Spool_222 1 18-11-2 9:00 18-11-2 20:00 18-11-2 9:00 18-11-2 20:01
Spool_223 1 18-11-2 9:00 18-11-2 20:00 18-11-2 9:00 18-11-2 20112
Spool 204 5 18-11-2 12:00 18-11-2 17:00 18-11-2 12:00 18-11-2 16:53
Spool_220 10 18-11-2 14:00 18-11-3 0:00 18-11-2 1551 18-11-3 1:41
Spool_215 8 18-11-217:00 18-11-3 1:00 18-11-2 17:00 18-11-3 0:52
Spool_280 8 18-11-2 17:00 18-11-3 1:00 18-11-2 20:01 18-11-3 413
Spool_33 6 18-11-2 20:00 18-11-3 2:00 18-11-2 20:12 18-11-3 211
Spool_279 6 18-11-19 14:00 | 18-11-19 20:00 | 18-11-24 2:37 18-11-24 833
Spool_438 4 18-11-19 14:00 | 18-11-19 1800 | 18-11-24 3:31 18-11-24 7:27
Spool_112 5 18-11-19 15:00 | 18-11-19 20:00 | 18-11-24 526 | 18-11-24 10:27
Spool_180 5 18-11-19 15:00 | 18-11-19 20:00 | 18-11-24 6:08 | 18-11-24 11:15
Spool_432 4 18-11-19 15:00 | 18-11-19 1900 | 18-11-24 727 | 18-11-24 11:4
Spoal_18 6 18-11-19 1800 18-11-20 0:00 18-11-24 833 | 18-11-24 1429
Spool_342 5 18-11-19 19:00 18-11-20 0:00 18-11-24 10:27 | 18-11-24 1539
Spool_313 4 18-11-19 20:00 18-11-20 0:00 18-11-24 11:115 | 18-11-24 15:41
Spool_340 4 18-11-19 20:00 18-11-20 0:00 18-11-24 11:24 | 18-11-24 15:31
Spool_435 4 18-11-19 20:00 18-11-20 0:00 18-11-24 14:29 | 18-11-24 1826
- 75 -

Collection @ kmou




A8 F AL

B AT AE 9% Blgo] Fobyel wat BAs= AlY By FA g 24
LFol gk BAHE Ay T HHoE FRPHAT. e o F b
B &S AR e WBAE Tk, wj#A] AX e} #EE 245 B
g3l7] 91g mi#@A AX Bl Alage Rtk m@A) AA #e AlxE
2 WA AX e} FHEE 8% AR A, AL BAaE BEE] AT Al
"ot wi#A HA #g A" FAe wj@AA] A EAE VN §
Al widA 22 Ags FPste Aolgtal &+ Utk wEkA olek 2
s FPstr] Y& wMBAA HA A HHI dnEsH A 22 AE
T dugEe ML AL g Es Ve g AxwEE T3]
2%k DTOSF Hlz2yx AXYUE 2dg HASA, o5 uigo R w3z X
#e] Azd e gssidnh B3 A4 ml@A Bd AddolHE A&
FoEM AIAE HAFee A9E FHs o, AEHIHE T3 AgLS A
Sote A= FHstATh

WA HX we) Asd A AT okdlsh Zol 471X Bl oozt

S, WBA 2Aed HAAs 49e 9T W, 7 TANS ¥ AFAE
gEA AHE 5 USRS B X B A2 ARonK, EHao
e B0 wel EeAQ UA A AFT 5 Yok

AR, A AA eA gRe ALY pdd AckzAe Aed wwA A
A ARe FUFoEM, 2 B 4A FEol opd AT wwA HA A
=

QA MEA A AE D A A welEolop s WAl A A, 2

_76_

Collection @ kmou



ol
.

| o8] Alz=d RS S wjaA dXe ddE 2

A X

AA o2 WjEA)

A
o

4
oy

oju

&

il

=771 2

Bis

% 9

o] AFAtel oA AH A

dx &2 Al=H

2d

SICAL IR

B

R

A

| &Y A== T AFE 7

A X

Hj) 2|

woh gelHe ww

Bis

< 19

¢} ARk

Zh

b, &

o

A AR Aol E &

A

3)
=

=
=

AT} =3 Digital twing T

2=
T

A X

_77_

Collection @ kmou



References

Choi, J.H., Kim, J.H. and Woo, JH., 2017. A Study on the Development of Algorithm
for Defining the Installation Sequence of Outfitting. Journal of the Society of Naval
Architects of Korea. 54(5), pp.368-377.

Ham, DXK., Back, M.G., Park, J.G. and Woo, J.H., 2016. A study of Piping Leadtime
Forecast in Offshore Plants Outfittings Procurement Management. Journal of the
Society of Naval Architects of Korea, 53(1), pp.29-36.

Hong, Y.G., Jung, EK., Jeon, J. & Kim, S.Y., 1997. Generation of Erection Sequence
In Shipbuilding Process Planning. Journal of the Korean institute of Industrial
Engineers, 10(1), pp.189-207.

Hwang, IH., Nam, SH. and Shin, J.G., 2012. "An automatic block allocation
methodology at shipbuilding midterm scheduling. Proceedings of 2012 CAD/CAM
conference. Pyeongchang, Korea, 1-3 February 2012, pp.357-362.

Jang, M.S., Nam, J.H. and Kim, D.H., 2018. Application of VR to checking process for
ship piping structure in a lightweight model. 2016 Spring Proceeding of the Society
of Naval Architects of Korea, Jeju, Korea, 24-25 May 2018, pp.813-817.

Jeong, Y.K., Lee, Pilippe. and Woo, J.H., 2017. Shipyard block logistics simulation using
process-centric discrete event simulation method. Journal of Ship Production and
Design. 33(3), pp.1-12.

Kim, JH. Lee, Y.G. Lim, HK. & Woo, J.H., 2016. A Study on the Methodology in
Assembly Sequence for Offshore Plant Topside Spool. 2016 Spring Proceedings of
Korean Institute of Industrial Engineers. Jeju, Korea, 13-14 April 2016, pp.535-540.

Kim, K.D., Woo, S.B. and Hahn, H.S., 2001. A study on the reaction scheduling for
shipbuilding considering resource constraints. Journal of the Korean Institute of
Industrial Engineers, 14(3), pp.218-226.

_78_

Collection @ kmou



Lee, J.M.,, Jeong, Y.K. and Woo, JH., 2018. Development of an evaluation framework
of production planning for the shipbuilding industry. International Journal of
Computer Integrated Manufacturing, 31(9), pp.831-847.

Park, J.G. and Woo, J.H., 2018. A study on process management method of offshore
plant piping material. Journal of the Society of Naval Architects of Korea. 55(2),
pp.124-135.

Rose, Christopher. Coenen, Jenny. & Hopman, Hans., 2015. Definition of Ship
Outfitting as a Resource Availability Cost Problem and Development of a Heuristic
Solution. Journal of Ship Production and Design, 32(3), pp.154-165.

Seo, JY., 2015. Assembly sequence planning for ship and offshore structures
considering welding distortion. Master. Daejeon, Korea: Korea Advanced Institute of

Science and Technology.

Sung, S.N., 2018. Process design and system development for mid-term shipbuilding
production planning based on backward-simulation method. Master. Seoul, Korea:
Seoul National University.

Woo, J.H., Kim, Y.M.,, Jeong, Y.K. and Shin, J.G., 2017. A Research on Simulation
Framework for the Advancement of Supplying Management Competency. Journal of
Ship Production and Design. 32(1), pp.60-79.

Yan, Wei. & Nienhuis, U., 2012. Automatic generation of assembly sequence for the
planning of outfitting processes in shipbuilding. Journal of Ship Production and
Design, 28(2), pp.49-59.

_79_

Collection @ kmou



	1. 서 론
	1.1 연구배경
	1.2 연구 목적(순서, 시간, 리소스)
	1.3  기존 연구 동향

	2. 배관재 설치 순서 최적화 알고리즘 적용 개념 및 활용 이론
	2.1 공정변수
	2.2 간섭매트릭스
	2.3 가중치
	2.4 설치 제약조건

	3. 배관재 설치순서 최적화 알고리즘 개발
	3.1 배관재 설치순서 최적화 알고리즘 정의
	3.2 알고리즘 단계 별 프로세스

	4. 배관재 설치 계획 수립 알고리즘 개발
	4.1 배관재 설치 계획 수립 알고리즘 정의
	4.2 배관재 설치 계획 관련 제약조건 정의
	4.3 계획 수립 방법 정의

	5. 배관재 설치 관리 통합 시스템 개발
	5.1 DTO 설계
	5.2 비즈니스 컴포넌트 모델 설계
	5.3 시스템 화면 구성

	6. 배관재 설치 관리 시스템 결과 검증
	6.1 기본 케이스를 통한 결과 검증

	7. 시뮬레이션을 통한 계획 검증
	7.1 개요
	7.2 시뮬레이션 모델링
	7.3 시뮬레이션을 통한 계획 검증

	8. 결론
	References


<startpage>11
1. 서 론 1
  1.1 연구배경 1
  1.2 연구 목적(순서, 시간, 리소스) 4
  1.3  기존 연구 동향 5
2. 배관재 설치 순서 최적화 알고리즘 적용 개념 및 활용 이론 8
  2.1 공정변수 8
  2.2 간섭매트릭스 10
  2.3 가중치 11
  2.4 설치 제약조건 12
3. 배관재 설치순서 최적화 알고리즘 개발 14
  3.1 배관재 설치순서 최적화 알고리즘 정의 14
  3.2 알고리즘 단계 별 프로세스 16
4. 배관재 설치 계획 수립 알고리즘 개발 34
  4.1 배관재 설치 계획 수립 알고리즘 정의 34
  4.2 배관재 설치 계획 관련 제약조건 정의 34
  4.3 계획 수립 방법 정의 36
5. 배관재 설치 관리 통합 시스템 개발 38
  5.1 DTO 설계 38
  5.2 비즈니스 컴포넌트 모델 설계 44
  5.3 시스템 화면 구성 46
6. 배관재 설치 관리 시스템 결과 검증 54
  6.1 기본 케이스를 통한 결과 검증 54
7. 시뮬레이션을 통한 계획 검증 68
  7.1 개요 68
  7.2 시뮬레이션 모델링 68
  7.3 시뮬레이션을 통한 계획 검증 72
8. 결론 76
References 78
</body>

