21gst =X sHZ Al

HAE HEA 71S7(2] 0| B= =H =}



L

5 40)
I c I m ® Innovation Center for
Industrial Mathematics

=4 sigd At HEXtE UEA 7[57]2] ols EE =3}

=X

= 88 8% 2A MHE 51 B3R
- =X slilE BEE Zd

71

= oy F|H3, MAS, H+ M=, Hd =X
= RAX|= UEA . AE oL
= 1= Or—tools(AFEE AL =72)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



I—-Ilil- I : I 6% Innovation Center for

Industrial Mathematics

A ZEHs MElM HAo HIEOR S8 Irhste 4

mjgim@nims.re.kr | National Institute for Mathematical Sciences



1 . ilx—-!il' I:I @ Innovation Center for

Industrial Mathematics

. 01|A| AlZt Hi &
| St}
- | ZH|gl = U= A|IZI2 sHEE|0] JUS
= ZEs np=En} LHQ-E X|ak A|ZHo| B=
- ’5'.'% *I.’J EXI2 H+E Z|Cijgt S8 = A= =10 HYYE

= 24 NietE SRARE
= =X IR 5 =017]

mjgim@nims.re.kr | National Institute for Mathematical Sciences



- 0]
I‘l 2'- I : I ® Innovation Center for
ﬂ . .
Industrial Mathematics

- AW WA B B340 YHS 01X WA oA} ZHY 1 X
THsE A
- Hief ZH: AW W4T} QHESHOF SHs £

mjgim@nims.re.kr | National Institute for Mathematical Sciences



I—-Ilil' I c I @ Innovation Center for

Industrial Mathematics

x7

. HIE AS MASH=G| 7|7 Zte] 2412k 912 KHef 1AIZ¢0] TR

« XIZ BE MAst= 71| A 117t 912 Etg] 2A17H0] HL

« B F0f 717 2 AlZH100AIZE, 2121 Ete] AIZHBOAIZHS ALS
=1, o] K=

A2l 0|2|2 40, XI=E B2 0|22 30 i

O|2= Z|LHZ Sl= A, B MIZ2| HLHz27

mjgim@nims.re.kr | National Institute for Mathematical Sciences



5 4O)
I : I ® Innovation Center for
Industrial Mathematics

Z0| =2HO|BE
Maximize 40x + 30y

mjgim@nims.re.kr | National Institute for Mathematical Sciences



- - ®
1. =¥z} ICIM® feystion Center tor
. Rmlef =
= 7|A &Y AlZE: 2x+y <100
= Ol =Y AlZE x +2y < 80
o zte] AlZH| 247HE 4 212 x>0, y > 0

o Feasible Region for Linear Programming Constraints

2x+y =100
— Xx+2y=80
Feasible Region

o
+—
9]
=}
e
(]
—
o
Y
o
>
=
-
[
©
=)
o
>

20 30 40
x (Quantity of Product A)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



1.

I—-Ilil- I : I @ Innovation Center for

Industrial Mathematics

ES %S .’TSII'IgKMathematlcal Optimization): 5% &=(Objective
Function)2 Z|ti3HEL ZASHSPHAM =0 Xl M2k =Z1(Constraints)
2 UIESH= SHE 3= —E—JHI

M =™ SHLinear Programming, LP)
= Ho|: BX st} M2 £240| B 1 X[A(MF A HLR
= O|Al:
Maximize 40x + 30y
2x +y <100, x + 2y < 80, x=0y=0

mjgim@nims.re.kr | National Institute for Mathematical Sciences



1 . ilx—-!il' I:I 6% Innovation Center for

Industrial Mathematics

2. H|MS Z=|&™SHNonlinear Programming, NLP)
= Ho|: =X el M2f = & StLt 00| H|M2l A
= OflAl:
Maximize 2x + y
x*+y*<1

mjgim@nims.re.kr | National Institute for Mathematical Sciences



1 . ilx—-!il' I : I me% Innovation Center for

Industrial Mathematics

3. A4 ME Z|™3SHInteger Linear Programming, ILP)
= Ho|: Md =Xt ZH|0|X|2t 57} M2l AR
= O|Al: X=Xl M 2 OIH HIX| S
Maximize 40x + 30y
2x +y <100, x + 2y < 80, X,y€EZ"

4. 2t Z|™sHCombinatorial Optimization)

" Fo|: welel o|&H2l sl2] HEtllA =H sliE A= =X

= Q|IrR 2 X|(Travelling Salesman Problem)
= Hi 2A4|(Knapsack Problem)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



®o
I : I ® Innovation Center for
Industrial Mathematics

z+Ty=17.5

mjgim@nims.re.kr | National Institute for Mathematical Sciences



1.

=]

Al
ok

I : I @ Innovation Center for
Industrial Mathematics

o2

M& F|™3KLinear Programming, LP) OllA]
241

* x+7y<17.5

= 0<x<3.5

= () < y

=XMeola: Maximize x + 10y
0|

» x+ 10y = kEI-_n_ oKX}

S Ry = _ L
Y 10x+ 71&717t - 35

ol yEHO| E?_l z|Mo|ct, o]
x|MOo| (0,2.5)8 x| o k7} =|ch

X

mjgim@nims.re.kr | National Institute for Mathematical Sciences



540) -
[ | 1 | Rl
M M =™ SHInteger Linear Programming, ILP) Ol A|
7

= x+7y<17.5
= 0<x<35

= 0<y

- A
" x,y= 8T

X st Maximize x + 10y
£0]: ?

mjgim@nims.re.kr | National Institute for Mathematical Sciences



I_'llil' I : I me% Innovation Center for

Industrial Mathematics

2 B! Jiset RE F siE s ZHSHE = WE2 =, §l7)
p g k=1 H|:||- Al X
1= - 2O ™

mjgim@nims.re.kr | National Institute for Mathematical Sciences



®o
I : I m ® Innovation Center for
Industrial Mathematics

mjgim@nims.re.kr | National Institute for Mathematical Sciences


https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization/examples?hl=ko
https://developers.google.com/optimization/examples?hl=ko
https://colab.research.google.com/github/google/or-tools/blob/stable/examples/notebook/linear_solver/linear_programming_example.ipynb?hl=ko
https://colab.research.google.com/github/google/or-tools/blob/stable/examples/notebook/linear_solver/linear_programming_example.ipynb?hl=ko
https://colab.research.google.com/github/google/or-tools/blob/stable/examples/notebook/linear_solver/simple_mip_program.ipynb?hl=ko
https://colab.research.google.com/github/google/or-tools/blob/stable/examples/notebook/linear_solver/simple_mip_program.ipynb?hl=ko
https://colab.research.google.com/github/google/or-tools/blob/stable/examples/notebook/linear_solver/simple_mip_program.ipynb?hl=ko

®o
I : I m ® Innovation Center for
Industrial Mathematics

= E@rrEy |

$h4210] 204 £8)-- UKL} HE =L
T - =

AZRRTIR | ©5212017.05.2314:26

Moz M

mjgim@nims.re.kr | National Institute for Mathematical Sciences



II_'I _+_ ﬂ-ﬂ —E—I-“ I c I 6% Innovation Center for

Industrial Mathematics

. BHZ: WX}E WHAo| el o} Hoj

Fuel Assembly

Control rod guide
thimble —7

Instrumentation
guide thimble

Filter

Bottom ™\ \'Seees?
nozzle

mjgim@nims.re.kr | National Institute for Mathematical Sciences



I : I @ Innovation Center for
Industrial Mathematics

SHA =

= HEES Sl ol X|E Yis= HEE A8 2

. gl== oapss Al

= 22hE0| SEXIE S+510] HEG UISS o 7|1 of|HX|F it
HolES

= SH= 0 MX|xl0] SEH HSE EHSIT H|oS= B

= HXIZE FHT ZF@ol A FaiZ E 5 =02 Ax|

« HOIES HAIE W MEZOIME AHZ0| HEE0] AUS

mjgim@nims.re.kr | National Institute for Mathematical Sciences



_é ﬂ-ﬁ —E—x-" I : I me% Innovation Center for

Industrial Mathematics

1 37| 23 7| &lol| 2t xH|
(500%) (30Y)

2 7| 2H

(5009)

7| = of| LA l|
(30Y)

/

A= ol 2|

5t 27| SOt UAIRE 23 §, A2S DAL
MHIS HZsio TS 8 F7IE F 2HY > U=S

HH|5Hs 72!

mjgim@nims.re.kr | National Institute for Mathematical Sciences



S0
A Ll-O'l = I Innovation Center for
= = u_'l__x.l I:I ® Industrial Mathematics
o
')ZF
(=]
¥ 'f . S: -E'III.E
% > 5 ()
B RN AV
/ 2 % :‘./ "/‘\_,;. '
:f::f:‘:z. . ﬁ: /' \/\

mjgim@nims.re.kr | National Institute for Mathematical Sciences



®o
I : I ® Innovation Center for
Industrial Mathematics

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2. HXY WEA MARK| ICIM® loton o or
« Zl=lojjet&H|
= oF {72 HH| 7|2t 2 HHAZRE |5}
= OISt M7| MAIS 26l AH|et =22 BEE= A
= 0| 7|2t AlZct iR 2} MO E= A=A

|
[l
[
p>

I
oA
125

. AIREHAE HEE
. HISTE 7xel A
. sei=ot R0 X
(H718, ALS olE Z3)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2 _ %II-E! hél'lx__é ﬂ'ﬁ —E—I‘“ I : I me% Innovation Center for

Industrial Mathematics

2
00
4oi

o
[

2 XMEZ= L HolE x{uiX|(0]S)

" Cl= F710 ALS o 82 HH=2t HojS0] XS

= ot HAH=O Mo|S= AXISHOF st=%| Ao 2

» Hols= 71572 Mojs dx|7t 2Rkt HHZRE 0|SA7I= A

%
o
<
<
<
<
<S
>

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2. HAE UL

pa
1%

_E_I-" I c I mQ% Innovation Center for

Industrial Mathematics

+ 71571 0| B= =3}
= 7|E&E0l= &K Z=ol &8 715712 ol B 2F
« xtoixjo] MM HZ 7} F|ACIX| &0l EIHs
. 2Ooigsi II-O-I A|ZIS S0|3 MH| A|ZIS THEA|H = 7| AALo]

(WL — Ry

S84 =0|7] sl 715712l OIS HalE HAststaxt &

mjgim@nims.re.kr | National Institute for Mathematical Sciences



off'g-gu] 7|zk &
7IE0 BEH2

5 40)
I : I m ® Innovation Center for
Industrial Mathematics

Ll
N
N
=
HEN
EEN
BEN

L

L]
N\
HRW

SHEENE

B

-

B

FO Ol

gt
_IOI'

(o]
HU

mjgim@nims.re.kr | National Institute for Mathematical Sciences



=18

@
2 : .od II-%I hél-xd _+_ ﬂ-ﬂ _E_I-“ I : I % Innovation Center for

Industrial Mathematics

7

Al=of|g "] 7|ZHofl A o™l MHojESS AHols dX|7 EHet oH
AZ2 0|SA|7|1 AX|

AEseHAR XEEO|= AFE 0E2] A=} A|o{S0| HEt

Cl= =710l AFZ oI’'"2l AM|oj=S 2 AolS dX|71 2ot HH=2
= Sl HXl= FOHA™ US

4. HolsS 4X|7| 2t HARO= Ho{S= 25 AX|6H0f 5t st
72| A= Ofl= et 712 Ho{SP AX|e = US

ot JH2| 7|S 717} *U}x1, st Hoj| SiLE2] M SP 8 = US
71871= A0 Ol 2oLl s5AH == =+ U7] =0l Ao1= <] st
2O|A| AlZfeict 7PHsHE S

= P

e

o e

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2. EXE HEA MEEA ICIM® foyston comertor
- EMEA|
» 718718 AIESIH 3712] MolS= 3712 R = H7|= &
» HAZ0l= O HolS= Jé"?tloHE AEQS
= 77171 HIO{E2 SHHEE 5 F7|10 CIA| X2 ¢X|E S0l
m, 7|57]2] o|lF 72|7} ZA7} &= Z|XeQ| 0|l =2=7

ol

1. 715712 ¥xl= Mojse| st 220l A
AlZHA4)

7157|= gt Hofl st 72| Mo{STt 0|S
siAZOl= 25 MoSS AX|5Hof &
715712 2L 0|2 8=
715717t HlojE2 &oA =0 S22l
LH2|= ol AlZ2 12{SIX| §¥S

r

*HA L AN g AlolE

*IHAAY g Aot A2V Badt SdR

Dl g e e

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2_ %II-E! hél'lx_'l_é ﬂ-ﬁ —E—x'" I : I me% Innovation Center for

Industrial Mathematics

+ =M 7157171 A,0lM AlESHH MolSS 25 AR E F7]|10 CHA
XM=z HXIel 4,25 S0I2= 0|5 =& 25 16k

*FoA AR A A Alots

* A 1 Aol dA)7F Badt AR

mjgim@nims.re.kr | National Institute for Mathematical Sciences



Innovation Center for
Industrial Mathematics

®o

ICime

IA| L2

(<)

HA R 2 7|10 CHA|

__I.L

Ul uF
H M
3
S RO
K 1o
5o
110

)
< o
S m
Ao_
N <
7'
™ oF
= 0l
oH &

<
f
)
f
<
f
aaf
f
<
f
aa}
f
<

@
®
@
©

A,—-B —A,—-B,—A,—B,— A,

@
@
®

A,—B,—A,—B,—A,—B,— A,

A—-B —-A;—B,—A,—B;,— A

A—-B—-A—-B,—~A;—-B —A

®
®

A, —-B,—A;,—»B,—A,—B,— A

A, —-B,—A,—-B —A,—-B,— A

mjgim@nims.re.kr | National Institute for Mathematical Sciences



2. HX=E SEA MAFEA|

®o
I : I m ® Innovation Center for
Industrial Mathematics

. 2x: 715712 ol a7t FAI} El= =l ol HRE 7517
2|5 ot HMEI} ZRER?

0| 4=
A,—»B —A,—B,—»A,—B,— A,
A,—»B —A,—»B,—~A,—B,— A,
A,—B —A,—B,—»A,—B,— A,
A,—»B —A,—B,—~A,—B,— A,
A,—»B,—A,—B,—~A,—B,— A,
A,—B,—A,—B,—~A,—B,— A,

®@ Q

®

® ©

olE =2 ‘.
A,—»B,—A,—B,—»A,—B —A,
A,—»B,—A,—B,—~A,—B —A,
A,—»B,—A,—B,—~A,—B,— A,
A,—»B,—A,—B,—»A,—B —A,
A,—»B,—A,—B,—A,—B,— A,
A,—»B,—A,—B,—A,—B —A,

mjgim@nims.re.kr | National Institute for Mathematical Sciences



®0o
2, dXE L HYTH ICIM® foaien conertor
He2 J7l= 71571

=
2 5]

+ LAEEAN: AMS=HHE XMEX0M HOoIS
o] 0IF A&7t z|&7} El= =[X2] 0|F &

mjgim@nims.re.kr | National Institute for Mathematical Sciences



Equ'IAAO'ln $® nnovation nter for
= AL MdREA IC I ® lnnoyation center tor
QB2

7|=7|2 5742 HHE= 5712 =2 F7|= &

HHZ 0= ot MojS0| Ex|=|0l= &g, Ho|Sa} HH= O]
b x|2}t HolS2t HH= AHO]2] 0|F 7{2|= ol €=

® | | | @®
HUBNRSR

N N
Bl

mjgim@nims.re.kr | National Institute for Mathematical Sciences



O)

-?-I__I _E_x-“ I : I me ® Innovation Center for

Industrial Mathematics

o2 2A|(Travelling Salesman Problem, TSP)

ot Bo| 2ITHO0| NIHS] =A|E ef HATH BFESI AME A2 =
OI2ClL stAt 2= LA ZF 0| A7t 0K U= U, 0l A=

2 A7} El= Uil 0| HEE TSR
EA: RE SAl= AZE0] YD THs A9t 2 Hals SY

mjgim@nims.re.kr | National Institute for Mathematical Sciences



3_ 2.' 'IEI"?'l_-I —E—I‘“ I : I mQ% Innovation Center for

Industrial Mathematics

+ AOA| EESIH = TA|E EUEoil ChA| AR S0I2= 2= BE=?

+ ¥ 8E J 0|3 AHZ|7t =& BE=?

mjgim@nims.re.kr | National Institute for Mathematical Sciences



- QIEHE ENe] SH

I : I @ Innovation Center for
Industrial Mathematics

EAIZHEHA U= O] 0I5 8= 892 +

(N—-1)(N — Z)x e X2%1

+ ZAle] = NO| &7k

1.2
1.0

0.8

L 0.6

0.4

0.2

0.0

o 0|S B2 32 = 7lsla+&H2zE St

1e17 Graph of (N-1)! for N from 1 to 20 (Linear Scale)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
N

mjgim@nims.re.kr | National Institute for Mathematical Sciences



(3]
el = I % | tion Center f
I =X ICC 1IN @ [irovation Center for

mjgim@nims.re.kr | National Institute for Mathematical Sciences



e
el =3 I o | tion Center f
Ly FA TN ® oo wtematics

Hetst 2a|E(exact algorithm)
= 2t EtMi(brute force)
3

ZAl &1 2|E(approximation algorithm)
- Z|2H™ 0| 1 2|E(nearest neighbor algorithm)
» 0| 4= thes}

mjgim@nims.re.kr | National Institute for Mathematical Sciences



3_ 2' 'IEI"?_-I —E—I‘“ I : I mQ% Innovation Center for

Industrial Mathematics

« Ztn: H|CHE T EXMl(asymmetric TSP)
EHX™ T AlZte] ols A27} gi7{Lt oS 72|77} cliElo] of-l 2|mH:A
=X

HHd- gz ditxo= QI FHEC siZ WHo| =S&e

mjgim@nims.re.kr | National Institute for Mathematical Sciences



3. 2IHdE ZA ICIM® loyetion center tor
. H4 MEAYYS 23 AT 2x HEZ
s EA|7} 47H(A =3

C,
7}

mjgim@nims.re.kr | National Institute for Mathematical Sciences



3. 2l =X ICIM® oo
. H4 MEAHYS B85 n 2X
= QIEMAEO] 0| BERE AYHSI=
= 1<ij<40|HAN i+ ol cHHA
v {1 iZA|OM jEAIZ O|S 5t
i =10 iEA|OA JEAIZ O 5

mjgim@nims.re.kr | National Institute for Mathematical Sciences



O)
I : I m ® Innovation Center for
Industrial Mathematics

= OflAl: ¥ gt 0] 2Et#o] o|set A
" X1 = X4 = X33 = X317 = 1,X91 = X4p = X34 =Xx13 =1
u LI‘D‘III xij =0

mjgim@nims.re.kr | National Institute for Mathematical Sciences



I : I @ Innovation Center for
Industrial Mathematics

=g 23 HH =A si&

—
o ols 429 0| AH2l(F|AS]
C12X12 + C13X13 T =+ + €C34X34

mjgim@nims.re.kr | National Institute for Mathematical Sciences



(3]
el =3 I © '
3. 2/HE = ICIM® fnoetion Center for

. Hg ME7EH
. Hef =2
v BE SAIE B Hwo ge
» IE A= S07l= BE2 LIv= B27) e 7H 0 EX|
X112 + X13 + Xq4 = 1,x21 + X23 + X4 = 1,X31 + X32 + X34 = 1,x41 + Xyp + Xq3 = 1
X2q1 + X371 + Xg1 = 1,x12 + X390 + Xy4p = 1,x13 + X93 + Xy3 = 1,x14 + Xo4q4 + X34 = 1

Tfo
L
0

ro
fo
[H
[
HO
=
§I=l
[Ih]

= QEHHO| o|F =T BOoX|H 2HE(M 7M1= HE)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



.?-I__I _E_x-“ I : I me% Innovation Center for

Industrial Mathematics

Google Or—tools
= https://shorturl.at/8tpL4

mjgim@nims.re.kr | National Institute for Mathematical Sciences


https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization?hl=ko
https://developers.google.com/optimization/examples?hl=ko
https://developers.google.com/optimization/examples?hl=ko

— — — ® .
H+Er2 A s st ICIM® fasisnsomer,
Aol SR
= 718712 5719 MoES 5712 HAHARE FI7|= &Y

HHZ 0= ot MojS0| Ex|=|0l= &g, Ho|Sa} HH= O]
b x|2}t HolS2t HH= AHO]2] 0|F 7{2|= ol €=

® | | | @®
HUBNRSR

N N
Bl

mjgim@nims.re.kr | National Institute for Mathematical Sciences



st =X si&s}7| ICIM® lrtin coner tor

tHelstEA|et 2T ExX[2] xXto|H
71&871= HMolSollA| E&istH HH==E 0|S3HOF &f

" O s =M= HolS2= 0|SsHof e

" HNo|SoM MolS2=2] o|Sat HH=A| HH=ZZ2| 0|F= 1i5d

stX| =2(715712 23t 00| g7 HE)

mjgim@nims.re.kr | National Institute for Mathematical Sciences



5 4O)
I- I Innovation Center for
7 I : I m ® Indu;’tri;I Mathematics

Ol

&

Ol

4, Meia

Joh

=

- 2IEE XIS AFHE AL =715 0|3alA] si&st7| HSHM Z=A| Zt
0| 7i2| &Il ER

+ 7137171 olSe + Y= B=F LIEHY| /I5H 02 A S7?

mjgim@nims.re.kr | National Institute for Mathematical Sciences



4. IA_I-oﬁ-I _¢_§!' —E—x-“ 3H7E=|3I-7 I I: I me% Innovation Center for

Industrial Mathematics

oIt EMIE AFEl ALt =+1E 0IE8sHM sliZsH7| AH3HA =A| Zt
0| 7i2| &Il ER

71E717t oIS + fi= B=F LIEILY| #IsH 62 A S7t?

HE AL =E1E & Mrst 24X S8
2 https : //shorturl_at/8iaAG

:

A1
A,
A,
A,
A5
B,
B,
B,
B,
B;

mjgim@nims.re.kr | National Institute for Mathematical Sciences



5 4O)
I c I ® Innovation Center for
Industrial Mathematics

715712 o|s WAloj mE 0| 72| E= 0|F AlZt ™2
715712 A& $x|et == YX|E ClE2AH 43

HojS siARL| AL Sl & HAIR L] |IX| = 12ist A2}
x7{ HIA

mjgim@nims.re.kr | National Institute for Mathematical Sciences



il‘__ll_ I : I @ Innovation Center for

= Industrial Mathematics

- MHL3H2022 JHA nSTH)
» FMx{motM 20254

mjgim@nims.re.kr | National Institute for Mathematical Sciences



5 4O)
I : I ® Innovation Center for
Industrial Mathematics

|7=!-

LICH

mjgim@nims.re.kr | National Institute for Mathematical Sciences



