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th7] ©]& (Queuing Theory)

2.1.4 A5 Fof 9l &8&

7% 7} 3k (Operations Research & Management Science) &
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e 5 9l
Mathematical -
Computer Optimization Supply Chain
Science Management

Forecasting Decision
. Analysis
Operations
Simulation Research
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Management
Industrial Science

. ¢ Data Science
Engineering

Big Data
Stochastic Probabilit Project
Process &rcs)taatisltlici Manag;ement
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WMoty = 342 gofst AleF 27 (Constraint) &2 42]3} &}t
ddalloF & LAl= HZAES (Objective Function) &% 723k
T ATk olgA FEF REor FAE FAAoER AT
ATHA vkt WHEoR HAS (HU Ee HAs A e
Zgopd 4= gty ol¥d FEy HHse g Ay ¢
(Mathematical Programming)°ll &J3] AdE™ AFdA A=
olE FIwW #H A AF G/ 23, TR oAE,
=% HlE A3 sl & [3 2-1]sta v
[ 2-1] AbdEoke] A &8
T E v &
T e T, A Ao e
GAleMY dm T AE, FF
7VesE, dwl B 9 dvld F&
A E A F, FE oyA
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Aol i A%
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of)=3, =B/, FFAE =olud,
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=& v§ H3t Hl-& A7hE st HA BE AA
Hd A, HA A 5)
e AE szl 71 Fo =7 HA &9
AL 9

@ A& (Programming):
= Aol AFHLS A<
HAs = Mde go4.

8 2 3% (Programming) ¥+ o2 g0 2
iwf?i‘.*(Operations Research) &ofol|A &85+
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2.2 8 A8Y (Mathematical Programming)

2.2.1 &
T AR 7:103451( R) ¢ +
ek Aeeld A9 S AHesl= Aow
ATH8]. 5]7‘4§]r(Opt1mlzat10r1) 2T 1o
A3t mpel o] thekdt A Ak Lo
el w4 RS Ve ® HASE

2.2.2 71992 A&

Agelng AH Ay AL 49 BEE
S ol ARoE FET AU

Slaf 7483 24
oty st 2}5’4 ollq  HAa vjE Ee
E;H o7 x]_o_tl ;Q o7 %%—o]—‘“‘ Hohﬁ
4 &l (Optimal Solutlon) = 73k Zlo] =
HAsE Tyl 9% FURY A
(Decision variables) % A<k

A 84= (Objective Function) & Rt} - %]
SQstth. A=A olx] X3 Rod Wy

AgH el A¥rf Hx9 b & EFHE £
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ug,
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l"N O_u

2.3 42 AYY FF 4 B o2

2.3.1 A& A& (Linear Programming)

Q 7o w AM¥l 753
7@9461 2=
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|4 Feldd JAAA S
ok WY ES Wi
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T A= AE9A ] (Simplex Method) [9]1& 7HE3FSl T}, o]
1984 @ ydx=g}t w7t (Narendra Karmarka) 7} W33
g% (Interior Point Method) [10]& &8st A3 A 3'HS
Afson, ol FFE A YW dugFe wHo=
CPLEX®, GLPK®, Gurobi® % uvtekst HA3s} duels 4
AZEo] Fo] JidE o AAl A de &EHa Sl
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N
==

X o
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(o]

Agyel BEe Atrag A W

4235 = Zolth okdl M [2Y 2-319 o] A
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. ~ N LAl
\ SSH]|QF3 =5 g
A= N
AN N I .
‘\\ o i L
NN N ™. ax + by = P

Z|CHEE (Maximum Solution)

Aazt oo O
(Minimum . T
Solution) Rek~ o

" \\\\ N N
ax + by = Q \\\ \\“

@ CPLEX : IBM AF¢] ILOG CPLEX Optimizer &) 9%z ALgwEw A&,
23 A, 22 22 wAE A 7 W (Solver) & AlEE. [11]
@ GLPK : GNU Linear Programming Kit &) <% ANSIC & ZHA] 4l

3 Zo] 7hest golH g FA o FH AES. [12]

® Gurobi : A=A} o] &S WA WHE Optimizer 3|A}
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T ax

A AgHe T8 2A&[13]1%= 54 ¥4 (Objective
Function), 274 W4 (Decision Variable), Alkz71
(Constraint) 3 72 F&38, 74 &4 HIZ ol [X
2—2]° A3} AXE B8

T ¥ e
SJarag el Hx A Hul/HAste Ak sk
14 34 Fdz 299 5 9. BE- AE
wx | A O Hsh wlg W A7 Has Fow
&= g4,
Objective Function :
Maximize Z = c1xq + x5 + ... + CpXxp
1A &% Felel 54 grs Ak 208
ek zdolA Y sht Ex g
ax | AR ESTE B4R £ oS BAESe
woe | HECl AW WEE 9 gelss Aol
a9,
Decision Varialbes : x1,Xy, ..., X,
FeFRE AlSF 24 A0l Fs st Feld
Aok 2710 3 A We] sbss) 7 gl
a8+,
ok
Al Subject to :
ZA
hn a1x1 + x5 + oo F Xy, < by
Ay1X1 + AgoXxy + oo + Conxy < by
Am1X1 + QpaXe + oo + CpnXxn < by
718 7H
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2 rr Y o oox R

[ 2-3] A8 A 71 714
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g7 AArA W Qelle 474 ASF
(Certainty) =9 o] A olgty HH T

H] &4 ZAgel Aok HAY wAE

(Proportionality) | 7F4 oFst.

7+ ARkl 2 Ao o]og ghol
(Additivity) ARk AR 9 o])3} Zofok o
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AAWAF7E 2 JQl ofF wedt Y AF mPe A4
%= 31" (Graphical Solution) & &83Fo] Aok
279 g ze wn@ste] HANE ok URlE A

A Zd A~ W (Simplex method) [4][14]

1947 @ =4 Wy= ]3] (George B. Dantzig) ol 2|3l
MEEom, otz [27 2-4]19F o] YH (A Point) oA
AZste] EZA sk o] JfAdo]l HiE o]%dh IxFgo=
olgste] HAS HAPES 2= WHoltt o] W 7hE3)
T99 e BF uHEA g, AEEA HAHHE 2
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3.4.2 Z 9 (Planning) ¥} »~7&% (Scheduling)
ZAHES AR f5o weEt M AR EFE & Tk [43]
A= (Long—term) Zd An] FxF 42 A A & 5%
TZ2E AAste 3ol AHEEH, 7] (Mid—term) 9 ¥
HoAE AR B3R Y FaoA EF AHZY S5 o5
= T

S92 TH 8 AF YA

3} o]k, ﬂ%—%*

ofulg 7pA.
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Input Planning

Mid-term Optimization

Output

Scheduling

By Scheduler

Order

Feedstock Operation Product

Production & Blending &
Transportation

[1" 3-6] &= ArbdA 9

o]
[e]
NA H 3t B dF @3S g5y AER 71 Feke
oAl oty HRE A|AS)

- 279 (Scheduling) @A: ZdFANA A Hxe} 9
kS 7ZIFo® Wy A AFES FHsta olE uiE o
Ao 29 AA (Order) S FHslo] da3ic},

+9% (Operation) ©A: A2AZH AN AEdd =4

3.4.3 ZYE Y AA=EH o]
AAE A Y] AAZFEL 3.4.2 oA AW upe} o] =
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Scheduling

7 Day

20,000

6 Day

5,000

20,000

5 Day

5,000

4 Day

5,000

3 Day

20,000

2 Day

20,000

5,000

1 Day

5,000

15,000

Product

Aa

Bb

Ce

Dd

Ee

Ff

Gg

Grade

Demand

Plan

Comp1 Tank ]

Comp2 Tank ]

Prod Aa

Inventory

Prod Bb

Inventory
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A4 HH3} 2E 74

4.1 N8

4.1.1 249 N

HAst mdo] FAES ofdiel o] SlEWls/EHE, 1Yl

T @AS] HZA3(Optimization) k2 FAAET. dE€i>
HAFE, RHAIE, e AY & EFeke [ 4-118F Zrh
=Yt xoste HAF 2d Zxe AY VI T 59
Hogloln 84 HAs nds Fal T HAs ZES
A W4 (Parameter) & A|2FZ A (Constraint) = 7|RFS. 2 T dl 9]
2 A3+ (Objective Function) 7} Hogts 714 & d= 2%
W= (Decision Variables) & T-3}A] ¥t}

Inputs OUTPUT
Products
Resource Optimization
Available Model
_ Maximization
Capacity Total
Profit
Optimization
Demand Engine
(CPLEX)
Blending
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% 4-1] 29 Qe W

T % v &
Products Al TR e F4, Al 5
Resource HEA| % (Component) &2 9 A1
Capacity A B g3 dadel= ¥4 7t
Demand HAFE = H T2 AF
Blending HA/H ) vl g

[32 4-1]olA AAE 49 ®H4E nlgow
2ol HA3 ndo ABLE FAI HYth Fo AAY WHEE

obel o} o] ALt

T HAFE WAE T EE AEY] Y B

HkAl % B2 Time Slot ¥ 113

FHE SAE 839 Time Slot 8 A 113

AL el =E 98 7heE e A ¥4 Ths
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Qe Aok of[1¥ 4-3]¢ o] AT 4 Uy AF
< (Decision Variable) 3E3rst AbAgE Aol AL 4.2 A
A QoA ZpAE] AbwE Ao|t),

HA3 mds FAStE 54 4 (Objective Function) 2+
o]
s

—=.
T
H
?_

- Object Function : Profit Maximization

Maximize 3 ( Diesel Price — Product Cost ) X Quantity of

Blending ) — Operation Cost

- Subject to
Demand =  Blending
Component Blending < Component available Inventory
Product quality Satisfaction
* Min spec. £ Density £ Max spec.
* Min spec. < Cetane index
* Min spec. < Flash Point
* Pour Point < Max spec
Domestic Total Inventory > &3 10

> Blending < Blender capacity

(19 4-3] 22 54

et

T 2oAler he

4.1.2 Y794

2AlEE Bd ey 2d A4S fE Fe 9
(Parameter) 9} A% WS (Variable) & X3sto]  of#f 9}
ekl

o

]

my (B
2 4y

Indices

i WA & (Component)

D #HE ¢AF (Product)

t AA 717F %2 time slot
c AFEL] A3

Sets
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Cp

fi¢
Va™®
Va™;
V™
Vb,
iHVi
blemini,p
ble™,
fati

min

Cap

Capmax
ini

Cap

AE el AFEE REAlE set

Fool oa HF JakE ¢AFE set (Product)
Time slot set(Period)

WA 5/ A35 2] 4474 set (Component)

W= (Parameter)
time slot (Period) = AA&E® 7|3t
WAl 7 AR

A FEE] 7 HH

time slot(t) 717+ £ B 15 WHAIE 1) 9 A
AIF WHAF®O S o A &%

ATF WHAFO S HA A &

BI& "HAE M Ho A% &%

B 7% "HAIF 0O HA& A &%

A/B WHAIE () 9 A2 AL

A/B AE @) ] €A ( ) a4 g vE
A/B ARE 1) 9] AR (p) Hl vl HlE
time slot (1) 71t & 2+ A 1% WHAIEF (Do AAES

A

Aol ¥4 HA 7HE
daeEelE ¥4 A 7ts
dadol= ¥4 =7 7HEH

4% W (Variables)

1
Fa'ipt
1
Fb i,p,t

Ffou
Vali,t
Vbl
VP
Capt

time slot(t) 717t & €A1 (p) ol vitE A I1&
HHAE D) ] =%

time slot(t) 713t & €A
HhA % () o) &5

time slot(t) 7|3t & ¥hEolxl &
time slot(t) 717+ A 15 RHEAIE (D) & FHEA 3L
time slot(t) 71%+2] B 15 WHAISE () & HE AL
time slot (t) 7]1%+e] 2kAIFE (p) o] HEA L

time slot(t) 7]1%+e] fa#ol= w4 7he

w (P el e B 1%

f-:rﬂ-! _-:I.‘,I_ '|_” T
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2, il F
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Profit = ZZ pp Fh¢ 4.1
t p

}\g}{]:oﬂ HH_ES_% ]ﬂ'xﬂ%((ﬁ)ﬂ %‘ 7]‘2] (HH@-%%]: X 7]_7_:][); ;gg]—éj—_q_

Cost = Z Z z ¢i Flye (4.2)
t p i

7 ¥]E (Operation Cost) = 2 (4.3) 3} o] AA] 7]7H(t)
ZT fdadels ¥4 A8 (UlsE x HEn) 2 4ot}

r_{

Operation Cost
= Z m, x k(¥7°) * unit operation cost 4.3)
t

G A @A) 2ol Folo] FRelA HE (84
Mg EEH S A gho] Al Hi AFS = Aolth

Objective Function
= Max Profit — (Cost + Unit Operation Cost) (4.4)

4.2.3 A7 W4 (Decision Variables)
HA 3 ndo] A4 Hys 87/HAR FEEH HolHglow, 7t
A7 Wy HE2 AASE Y82 ot e} 2

HAE A 5 MEE=F(Fal,)
DA Iwe dadlel= Il A" ofFel wEl AR
Adgor UmA B Ouds HER A4 WsrE Jod.

O:

dAF o AR FY FAS uSHshs wFEol
=g
BHAE B 259 vl g2 (Fbl,0)
A 2FET BYIA AEY Fo AU F4 wAS
ek MiEEEs 474 ok
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WA REAIE A 1Ee B oW
WA ] AR WHE (A, AR uigE) 7 9
AAe E%F 3 (Material Balance)©] SA %%
A A oFolt},

ot

=)
at)
[
!

1=
o
kT
fu
_c>|L
32
o
>

Val, = Vaj,_, + m{, — ZFa{,p,t Vi, t 4.7)
14

WA B w9 Al Ak 21 (4.8) 7 o] 717HD ¢
HE A EFo] vaMn 3} el WO Yo fAEHES

st

V" < Vbl < vpmH* Vit (4.8)
HEAIE B w9 2AEd 710 =9 UwHydAE
T2 (4.9 9 72 HEAE A 1E WME A e Hprow
gojstdom, A I1FY FolFE wHAIE AAFEF(fL) whol
A4 Myt ofd 9y WeE 1A FH = Aot

Val, = Vaj,, + f — ZFa{,p,t Vi, t (4.9)

14

w Alale HAL/EHAW AekE flE A (4.10) 3 2ol

prin < yP < pnex vp, t (4.10)
A E (p) o 2AIEH 717G A 22 vHAE A 179
T W EFY vAE B 179 F owPdEEe] o=
g e skalet.
Fpe= ) Falye + ) Fbl,, vi,t (4.11)
i i
¥ J = T,
Ay '%||'1__l| &
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53
ZF(fat, ) o2 A5+ E‘r 1L A IS
A A 1F WHAlE EEol AAE F

= fat, vt (4.12)

-V
~
QN

2~AZ=Y 717v0) dadEolE A Lo HA/AY Ak
el 2 (4.13) 3 o] A o6ttt

< Cap;, < Cap™** vt (4.13)

ol 27 NEFS FAUIDG 2ol Y

ATHE (k) el ®stE =5 Aoksialon o= ®EAo]l
Aekal e Thed Aol e dE 2 (4.15) ¢}
@ol Aok Frhsrsch

Capi_1— k < Cap, < Capi_1+k vVt (4.15)

2AEY W F QadelE BF ABFS APASE
AL ol ®E A 1Ee aAb WAFE EFo
g olsrent,

Capy = Mougaps vVt (4.16)
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A b5%EDd FF5 A
5.1 +& 2%

5.1.1 71¥ 38 44

H#3 xde 7| mdye [BM ILOG CLPEX “ 9
Academic version & &8st 24l o WFE ELsh=
Z[EARE 943 AFste] I WA 2D g A8 5ol
folate s Bqltt. 7l AHE [ S5-1le F&H E &S
w7std o, ot [2¥ 5-1]1& JdA= 4% mdol 7|&
AR Q)9 oAjolth

[ 5-1] 29 7]& Ax
T U &
Time Slot | & 712 Yo 2AIEL] 7T
NbPeriod — 708 Period 74 (1~7)
(=) Aol B¢, =7 s E§et
0~77k4 870¢] Sloto® &%
Unit HEAE dadols 3 dd B
- ¥4 &4 1E
- H&/Hd Tt
- 27 7%
Production | Fa#lolE ¥ £ 7Isst dAE =%
4 9]
Blending gt AAke] 4 Q ¥ = HE-
Cost

@ IBM ILOG CPLEX : #A 3} A~XZE¢ o] 97]%X| 2 CPLEX Optimization
Studio 9] Academic Version & &4 A F 35 A& [47]

52 | b= -



pModel Setting Information
[  NbPeriods | 7 |

[ TimeSlt | 1 | 2 | 3 | 4 | 5 | &6 | 7 |

[Unitl OperationCost] |

[ Unit Capa Min | | [ Initial Unit Capa | |

[ Unit Capa Max | |

| aAa Production | -

[  Blend Cost | |
[2% 5-1] 29 7]& HH oA
HAs mdol AAEH 7]F(NbPeriods)2 7 4 7]E
ARk AQA o doly Al wet 1/2 o E= 1/3 ¥
s Time Slot FHo] 7beaby 4 Ao 3o WA st
T8 F Utk 2 9 dadels ¥ &% 5 7IzF T W]
e 4 W FE VR ARE s

ARA  AF (Product) o] o oy WF= QL
=% (Demand), A ®WAL Hoj/HAiz, =7 5
qrel Aw 4 HAd/HALE et F4 JEE g E
[3 5-2]+ A% &1 8 "o gk oAjo|t}.
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[32 5-2] ¢AIF 48 HF oA
- Demand =2 744
A & ,
=g Min Max Sulfur | Density FP
= Max Min Min
Daa 1,000 1,000 0.5 0.90 63.0
Dab 2,000 2,000 0.3 0.85 70.0

(+) Table We] A= AAl B4 18 gho] obd A2l #hsl.

f

N
-

FA WA ¥ (Component) FHEE HHA|E %
2do] A4l dadels ¥ 7HsPel A%

wEl AAEF WEol & WHAE A 153 99 bﬁ?
Jgs WkA¥E B IFOo® PRSI BHAlE A el
ks FEl gAlEe]l  Axdew 7H4,  F4, A
HAo/HA 2 o dEAPRI st w3 54wl %!
g AN Hdl/Hagkel AQsk 14wl (Recipe
Blending) & Al x4+ ¢AlFo] EA st wiE vl&s ¥ sk
Aoket 4= QmE FAIGTh [® 5-2]% WHAIE Y WSe

o Ale] Tt

o ﬂlg
oL g
%

o o

=

aAc | 3,000 | 1,400 | 1,500 70,000 - -
(=) Table W9 A= A = 91e gkl oFd q1o19] 44,

[ 5-2]¢ [ 5-3]& Xgsk= eAlE/mbAlFel it

olg AxE »d Yoi =xdat FHE AFxo ARES
Agdstt, 7|2 ARE IdstE RE Y FH 5 das
Fal dgsta 2d yelA QA zgE FEd 4 F UEF

AT,
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5.1.3 29 & A
ndgo] gk5d HA3 B4 5.1.2 Feolx HAHEE 7|E
Arel 7k kA, AES] ARE d"Y ¢ TS o A,
obel [ 5-4]% 2 AHE dE& T Atk 2E Yl F
W3 583 7] (W4 W 87 F QoA 1,599 75 7HA =

MILP (&% A4 A3 X279, Mixed Integer Linear
Programming) 222 FAHH, 7|2 299l Tlteration ¥ &
233 W, T AlZE ¢F 6.2 27}

[3 5-4] E= 75 A} 2°F

T 2 a3k
MILP Objective 3,478
Variables Integer 3
Other 575
Constraints 1,599
[terations 233
Running Time 6.16 sec

(*) Objective #t< scaling 3+ zkS 2 &3

3.6E6

r
#
’
#
”
#
#
i
7
#
#
K

3.4E6

3.2EB 7

3E6

218 2.2 2.22 2.24 2.26 2.28 2.3 232 2.34
NZHE)

(*) CPLEX Optimization A3} Capture
(13 5-2] 7|& 249 35 43}

X)
=
)

N

2 O oo
o do ro

AAAFoz md FFo FEoly &3l glo] t
(Feasible) #l& T3t AAl=" A& A
A

o
PN
dAM = et or EExl ZA1Y Adte] o

A

=

H
RN

o
5

-

Iteration : A& AA3t7] 91t T2 A 2~0] WHE S ofn| g}, ZZ A9
ZF dbEo o whEolm Zb whEo] Al U BHE AR o] Ul



TS Ay 242 Qo T, ¥4 VM, Al 2 Y
Mg gAY REoR Yol AnE g

A HAlE AF T2 F5 FEolth AAEH 7IF Tt
Airafol & AE H o AFRYE He) s BT 5% o
WA A% e Ho/F A Ak e zke] AA AT
a8l BEol AAA Z% WA (Material Balance) d A
A7 AR S st

T HAlE 3 TeE HE FEolth dadel: ¥4
7V WHAIE A IFel sk 7 ol REAE Y A4
=Fe dAste 44 Haolth ZIEFE dgA Al A
7o HAFHUW/AHAL A 27U ¥ TheEE ofd
[19 5318} 2ol WiEA7]E= Aol FHZHolgla A|AlsA Tt

Unit Capacity
300 Max
200 \\o—”*/ﬁ‘
100
1 2 3 4 5 6 7
(%) Capacity #< scaling 3t @& 283
(1% 5-3] ¥4 7= 44

A HAE A 25 HHAE A BFRolth whAES IA F

N IAFoR FaEw I TheEel os) *ﬁ*&‘%‘fol A==

HEAE A T 9 A8 QS fASE WHAE B 1Eo R
s F Stk vAFE A IFS ofd [2¥ 5-417 o
Hol/Ha A Ak deld WHEskid. o2 A s

BEE AAIE] A ske] LAl ol fleAl gl
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(13 5—-4] WHAI#F A 15 A 274

HhAlE A 1 Ala wselA [2%" 5-419F #Zo] aAb
A7y 2AE" 7IZF vhA el HA A arkA] Faskes AdE
A AR @l 4 A aAb> aAb RHAIFSZ adol=
A7l B A w4 = Blgo] A=Y olF FHA3E 1]
el AnE ¥ e Zler BAHY. ST Hujgk
TEe fEl vES FaAl= Aol kAT aAb WHAIE]
Ha Arz FAHEE 27 2AELE F7e w484 3F
TFEEe =id A B EAVE BAE ThsAd ol AXIH
oldl YAAE Abdel W87l flall aAb WhAlE FHFE ALl
5315 Al = (Constraint) 2 RHe| F7tsiiey. 1 A3
[ 5-519 #o°] aAb WHAlsE HFAILF AAL FFo0%
AR E o] 27 AAEG ] o] E=F ST
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>
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e O ﬂLﬂ%.Mﬁ_szaﬁmoATm W
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Abstract

A Study on the Scheduling for
Multi—variety Batch Production in
the Process Industry

Sangwon Jung
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

The domestic oil refining industry, along with the automobile and
chemical industries, was called one of the top three heavy industries
and was responsible for Korea's growth. Although it relies on imports
for all of its raw materials, it accounts for 7 to 8 percent of Korea's
total exports based on its high portion of advanced unit and large—
scale refining facilities (as of 2018). Although the global economic
slowdown caused by the recent COVID—19 crisis is causing
difficulties such as falling refining margins and decreasing operating
rates, it 1s expected to recover margins and secure additional export
competitiveness when recovering demand after COVID—19 by
enhancing its own resilience. The characteristics of the oil refining
industry are large—scale device industries, and active and flexible
response to changes in market demand is relatively difficult
compared to other industries. As the global economy has an economic
cycle and relies on imports for all raw materials, fluctuations in raw
material prices due to various environmental changes often affect the
industry. China's increased exports of petroleum products and U.S.
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shale oil production have also been affected. In response to various
changes in the environment, the company continues to make efforts
to secure competitiveness in various ways in the stages of purchasing
and managing supply chains. In this study, we would like to address
the last step in the supply chain management phase, the study of how
to efficiently manufacture various petroleum products in an oil
refinery. The oil production of the refinery belongs to the supply
chain management and is operated by the production plan through
mid—term planning considering the long—distance crude oil purchase
period. Depending on various environmental changes such as real—
time process changes and supply and demand factors of products,
there are cases where they are operated differently from production
plans that are optimized. The objective was to construct a model that
could optimize short—term scheduling based on production plans
through a study of scheduling that could minimize differences from
these production plans in the manufacturing process of various
petroleum products. The scheduling system is expected to provide
an operational guide to collect and enter the most recent operation
data and to minimize product operating costs for about a week. In
addition, it is expected to have the effect of checking short—term

balance of supply and demand and operational risk.

Keywords : Scheduling, Optimization, Refinery, Blending
Student Number : 2019_21553

/8 -



	제 1 장
	1.1  연구 배경 및 목적
	1.2  연구 범위

	제 2 장 방법론 및 관련 연구
	2.1  경영과학(Operations Research)
	2.2  수리계획법(Mathematical Programming)
	2.3  수리계획법의 종류 및 관련 이론
	2.4  장치 산업의 최적화 관련 연구 

	제 3 장 현황 및 문제 정의
	3.1  석유산업의 특성
	3.2  석유 제품 특성
	3.3  석유 제품 제조 방식
	3.4  정유산업 공급망 관리
	3.5  스케줄링 시스템 필요성

	제 4 장 모델 구성
	4.1  개요
	4.2  구성 요소

	제 5 장 모델 구동 결과
	5.1  구동 결과
	5.2  모델 민감도 분석

	제 6 장 결론 및 향후 계획
	6.1  결론
	6.2  정유 산업의 미래와 스마트 공장

	참고문헌
	Abstract


<startpage>9
제 1 장 서론
  1.1  연구 배경 및 목적 1
  1.2  연구 범위 4
제 2 장 방법론 및 관련 연구 6
  2.1  경영과학(Operations Research) 6
  2.2  수리계획법(Mathematical Programming) 9
  2.3  수리계획법의 종류 및 관련 이론 10
  2.4  장치 산업의 최적화 관련 연구  23
제 3 장 현황 및 문제 정의 26
  3.1  석유산업의 특성 26
  3.2  석유 제품 특성 27
  3.3  석유 제품 제조 방식 30
  3.4  정유산업 공급망 관리 34
  3.5  스케줄링 시스템 필요성 39
제 4 장 모델 구성 42
  4.1  개요 42
  4.2  구성 요소 47
제 5 장 모델 구동 결과 52
  5.1  구동 결과 52
  5.2  모델 민감도 분석 61
제 6 장 결론 및 향후 계획 69
  6.1  결론 69
  6.2  정유 산업의 미래와 스마트 공장 70
참고문헌 71
Abstract 77
</body>

