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#e 218 B8 (LP: Linear Programming)
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#e 2T E [ RE (LP: Linear Programming)

X1 X2
F—JII | FI7 | (R

T#1 3+l 3¢ 118 il

T2 285 [E] 7H ] 1405 H

ZSIES 2+H 5F+H

X2

i KAt | z=2x, +5X, 3x, +3x, <11
M | 3x +3x, <11

2% + 17X, <14

X, X, 20

-

~

B R
(X1, Xp) = (713, 4/3)

-

z=34/3 =11.33 )

2%, + 17X, <14
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o

IP (Integer Programming)

ILP (Integer Linear Programming)

KA 7=2x+5X, 4 =N[4

&M 3x +3x,<11
2% + 17X, <14
X, X, >0

(xl,xz:%ﬂéﬁ:)
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MIP (Mixed Integer Programming)
BHEN —8BEEITNTOEH

I RAY  z=4x +5X, 4 R&AIE

S 2% +2X, <7
= ™
B 3 iR

3X, +95X, <14
X, X, 20 N (X1, %) = (2, 10/7)

2
(x B ) 7 =78/7=11.14

)

- J




INAFIEE(0-1Z2)
I Xj = 0FfIlL1 ] oD @FL

ONAFTNEHE A EFEX+BHMEL TR TES
'x; =0 i?":li.lj =N FO <x < 1, Xj: %%"‘D

OLML, NAFURHITBHEHL
® ELREBEES
® 0-1 DR IT LT R LB

X Al S %D H—H%AT




INATIEHDOH v TSy o RE

A
RTEFyY
T

B C D E F
F3aaL— <Iiavw0O T A AN AR
~
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EEX 100

T8 455 25 3R 8

B
D

C

FvTHIIODBE

c =300

130  80H 50H 70  110H

=

a ) I
> PHMHLDEETEEEIFI00HET

> HEBE1IDOFT

K> mEEDEFNERRETHITIE? y

E5Et4%E = 130 + 80 + 50 = 260 <= 300
EREDSE=7+4+2=13
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A B C D E F
mEE 5| 13 45 20 3| =
EEZ 100 130 80M 504 70  110M

X =

1 AZESLEE
BREETHE

0 AZEIRWNEE

m KAk @+ 7X, +4X, + 2X, +3X, +8X,
S (100%)+130x, +80x; + 50X, + 70, +110x, < 300

%PXZ,---,XG S ESEY!

x,=1 M&E 100
;=0 M&EE 0
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A B C D E F
RThFy  FaaL— IavA T A L TAN
TR ~

EEX 100 130 80M 50 70 110H

{ BET®£EE300MH LIN T30 I EWMEAEHE(E? }

i KAt 100x, +130x, +80x, +50x, + 70X, +110x,
A 100x, +130x, +80x, +50x, +70x; +110x, < 300
X, X, X =0 £ 72131
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® £ENEIRE 573

o EAWBME

@ X a—1) 4 s s

o iR FIERE -

® --- $a79
O IELRTEEB D EERZ T L & BERE (disjunctive) ®ll#Y

X1 +2x2 <2 if:[i 2x1 +x2 <2

G

T ELLHM
ElEhsm?
™~ EDBHH
ElEnhsm?
>
X1
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Y1,Y2,Y3
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X =y + 2y, +3y3 + 4y, + 55

Vit Y2t Y3ty tys <1

V1,Y2,Y3, Y4, Y5 @

 Xx=y1+Y,t Y3+t s

E leYZJySIyll-in E L 1
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LP MIP
RKERIEEE BKE REE YIRFEmE, 7 HEBEEE
DTREHAYNE
19474 ; 50..1957~60¢ ‘.
ﬁﬁ&f(DantZlg) 4% PR %E % (Markowitz—Manne,

: Eastman, Land—Doig)
: YIERF A (Gomory) :

ﬁ?;:j:,;;é easy (P) hard (NP)
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RAZETELP

CPLEX LP 1988 — 2004 (164F)

Improvement factor

Algorithmic improvement (machine independent)

Best of barrier, primal simplex, and dual simplex: 3300
Machine improvement: 1600 x
Total improvement (3300 - 2000): 5,280,000 x

F7ILI) X L 33001%
STER 16004%
F—%JL 528 5 %

R. E. Bixby, A Brief History of Linear and Mixed-Integer Programming Computation,”
In: Grotschel, M. (ed.) Optimization Stories, pp.107-121 (2012)

Xpress—MP 1998 — 2006 (84F)

Hll#9=C

g

/ /
a ‘(,I$%% _J{ W“k/

J N 4 Rows Columns  Nonzeros
e SR} B

/ Artur 27908 8111 190570
W & :Z-E Chinese 36521 81814 754366
15000 1 s Energy 31941 38591 106778
Ken-18 105128 154699 512719
Prele 108286 100560 638628

10000 Watson_1 201156 383927 1053564

5000

Rel 10.28 Rel 11.14 Rel 12.13 Rel 13.10 Rel 14.05 Rel 15.00 Rel 16.10 Rel 17.10

1998 2006

R. Ashfo_rd, “Mixed Integer Programming: A His_torical
Perspective with Xpress-MP,” Annals of Operations Research
149, 5-17 (2007)
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BEHETEMIP PR

: o] :
;surAU +~30000F) = 8.3R% 5] :
P DK EL—ATRITEEBELER
P RE LD 1 :

CPLEX MIP 1991 — 2007 (164F)

Y Speedup ssEesCymulative Speedup |

<9
10 00 - 100000
N\ < v Ors 2
g 10.01|:| Q =
A
& + 10000 T
7oA \ F

Cumulative §peedup

T— NN eNw\,—

Version-toersion Speedup
M

4 4 100
3 .
e
o t t t t t -1
1.2—21 21—=3 F—d - [ E—B.A B AH—7 1 7 1—8 910 10—
CPLEX Version-to-Version Pairs
1991 2007

R. E. Bixby, A Brief History of Linear and Mixed-Integer Programming Computation,”
In: Grotschel, M. (ed.) Optimization Stories, pp.107-121 (2012)
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: [ RE%K1753

B ETEIMIP } BA LS 10000 =2 885 S
DRI d o - HERE R
CPLEX MIP 1998 — 2012 (144E) i.ﬁi’i‘.?f?‘.-.f'?'?f'%.‘??fff???ﬁf?i@%ﬂf’f’}...

61065 TR0 8 0RS OTORT 0T0 ST 0R IO 12081 2 3 =124 51215
1998 2012

29

T. Achterberg and R. Wunderling, **Mixed Integer Programming: Analyzing 12 Years of Progress,
In: M. Jinger and G. Reinelt (eds.) Facets of Combinatorial Optimization, pp.449-481 (2013)

19



%%’ﬁﬂﬁ'l‘FEIMIP @] Easy : BRAYVILA\TI1EBLRNIZEITS
[ Hard : @O TIELNE A, BRI FRINHIMS

MIPLIB2010 (http://miplib.zib.de/) M —Ek [@] Open : RAEIR
B bley xI1 B BP 175620 5831 869391 5331 190
@ bip-ar9s T MBE 1128 16021 200601 15806 215 6205.21

Status Name Sets C #i#=x ] T NZs 2¥ | INAFY) B S5 Objective |
B  blp-ico7 c MBP 923 9845 118149 T 9753 92 402502
@ bnatt3so BPR BP 4923 3150 19061 3150 0
@ bnatt400 CR  BP 5614 3600 21698 3600 1
@ buildingenergy c MIP 277594 154978 788969 26287 128691 33283.9| Easy
@ cdma cU MBP 9095 7891 168227 4235 3656 ?| Open
@ circ10-3 CR BP 42620 2700 307320 2700 ?
@B co-100 c BE 2187 48417 1995817 48417 2 63994e+06
B core2536-691 B MBP 2539 15293 177739 15284 9 689
@ core4872-1529 c MBP 4875 24656 218762 24645 11 ?
B cov1075 B BP 637 120 14280 120 20
@ cschedoo7 T MBP 351 1758 6379 1457 301 351
@ cschedoos RT MBE 351 1536 5687 1284 252 173
B csched010 B MBP 351 1758 6376 1457 301 408
B d10200 c IP 947 2000 57637 1267 733 12430
@ d20200 c IP 1502 4000 189389 819 3181 ?
@ dano3mip CR MBP 3202 13873 79655 552 13321 ?
@ danoint B MBP 664 521 3232 56 465 65.6667
@ datt256 c BP 11077 262144 1503732 262144 ?
B dcic c MBE 1649 10039 121158 8380 1659 1.7679e+06
@ deii c MBP 1653 37297 448754 35638 1659 ? 20
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ExcelY )L/\—

{ Microsoft Office F£71=1d Excel ZA 2 AM—ILT B EFIATE
HT7kRA

OExcelVILIN—DFREREEE - fE 0

vV BHF BEfR(REE) TBRERRDEHDOARL—3 0 XS —F A
F91, BAFEEm+L, 20004

vV HHARTExcel TESEBREMI, A—L*t, 20064

v BRI Excel TR ANRET AR, VL, 20064

v BRIE, ik THIExcelTHEAO0OR], A—L%t, 20114

v & Excel CEASHIEREIL, ARL—30 X -1)H—F, Vol.57,
No.4, pp.175-182 (2012)
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I IN|d

ESUE

Z=2X, +5X,

3x, +3x, <11
2%, + 17X, <14
X, X, =20

X, X, B

'

\.

m———

fReEZTANStIL
(B2:C2)

A e DD D —
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ExcelY )L/\—

B ARAL  z=2x +5X,
G 3x +3x,<11
2%, + 17X, <14

Xy
A =Xt

X, X, =20

X, X, B
#HXDA N J

Jiy E G 0

1 ol ® (A1)
!
3 2 5|=B3*B$2+C3+CH2
4 3 3|=B4+BE2+C4+CED
8 7 7|=Bh*BE2+ChH+CE2

x=71=1%

=SIUMPRODUCT(B$2:C$2,B3:C3)
=SIUMPRODUCT(B$2C$2.B4C4)
=SIUMPRODUCT(BS2:C$2,B5:C5)

11
14
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e KRAL 7 =2x,+5X,

G 3x +3x,<11
2%, + 17X, <14
X, X, =20

Xy, Xy - FEEKL
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R
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Excel/ JL/\— .

B ARAL  z=2x +5X,
G 3x +3x,<11
2X, +1x, <14
X, X, =20
Xy, X, D FEIK
iR |
i 2 i
R B
— = y 4
A B D F G H [
1 x1 X2 (Z£3d) 1)
Z 0 2
3 2 5 10
4 3 3 6 11
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MIPY JL/\—

ORI
® FICO Xpress (Fair Isaac Corporation)
® Gurobi Optimizer (Gurobi Optimization)
® [BM ILOG CPLEX (IBM)
® LINDO (LINDO Systems)
® NUOPT (NTTT—% #EIXTL)
® SOPT (Saitech, Inc.) &
<O e H
® COIN/CBC
® GNU GLPK
® |p solve
® SCIP %

30



RIRE 774 )L DERK

RAb  7=2x +5X%,
&M 3x +3x,<11
2%, + 17X, <14
X, X, 20
X, X, : SEEL

CPLEX LP#2 = (samplel.lp) MPS#Z . (sample1.mps)

Sl NAME samplel. mps
maximize ROIS
2 x1 +5 x2 ': .
. r
subject to L r2
- COLUMNS
3 X1 + 3 X2 <_ 11 M1 "MARKER’ " INTORG’
2 x1 +7 x2<=14 X1 z -2 rl 3
X1 r2 2
general X2 7 5 ri 3
X2 r2 7
X1 X2 M2 "MARKER’ " INTEND’
end RHS
RHST ri 11 r2 14
BOUNDS
PL BOUND X1
PL BOUND X2
ENDATA




GUSEK (GLPK®MIDE) [Z&kAZE4T

sourceforge jpFEMNBLA I A—K — zipd7 A IILEfEE

B - gusek_0-2-16
Ll ZIP 7 Il
4 = 2.67 MB

.

,2}[{ | PDF [ S POF

1 SO SO
g . ‘ g~ e

examples gusek_tips cnfsat COPYING glpk glpk_4_53.dll glpk_4_53_java

dll
| PDF | - L -
4 .

glpk-java glpsol gmpl.abb gmpl gmpl gmpl.properties gnuplot.properti
es

(e e ) |

graphs gusek gusek gusek.lua gusek_ptbr python.properti README
\ )
Y W\
FITID)9Y

fa R

i

®

SciTEGIlobal.pro TODO
perties




GUSEK (GLPK®MIDE) [Z&kAZE4T

File Edit

BB

& C:¥Users¥fujie¥Desktop¥fpcl 2HE¥0RFES¥gusek¥samplel.|p - Gusek

Search View Tools Options Language Buffers Help

= JEy | &, 7| 2 08

1 samplel.lp

| % [BO| R A B

()

OO~ kW=

maximize
2 X1 + 5 X2
subject to
3 X1 + 3 x2<=11
2 X1+ 7 X2 <="14
general
X1l x2
end

Cursor: line[9] col[1]  Selection: [0]lines [Q]chars

[INS] [CR+LF] File: samplel.lp, 9 lines
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GUSEK (GLPK®MIDE) [Z&kAZE1T

File Edit

&3 C:¥Users¥fui |'e¥Desktﬂp

EEERJIG|

L RE=¥gusek¥samplel.lp - Gusek

Search View (| Tools [) Options Language Buffers Help

1 samplel.lp

1

2
3
4

5 2}{1_;‘1'Er

BB AIT7AIL | Y

2 X1 +
subject
3 x1 +

DAERK

maximize @

Compile

od VILIN—FEE)

Ctrl+F7 | @

F7

Stop Executing

Build GLPK LP/MIP
Build MPS

Generate Output File on Go

Generate LP Sensitivity Analysis

Use Improved MILP (All Cuts)
Use Free MPS Format

Open Prompt at File Path
Open Containing Folder

Mext Message
Previous Message
Clear Output

Switch Pane

Windows Integration

F5
Ctrl+Break

Ctrl+1
Ctrl+3

Ctrl+8
Ctrl+9

Ctrl+Shift+1
Ctrl+Shift+2

Ctrl+Shift+6
Ctrl+Shift+7

F4
Shift+F4
Shift+F3

Cirl+Fo

3

Cursor: line[2] col[1] Selection:

[0]lines [O]chars [INS] [CR+LF]

File: samplel.lp, 9 lines
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GUSEK (GLPK®MIDE) [Z&kAZE4T

o

& Cr¥Users¥fujie¥Desktop¥fpcl 2HE5¥0RES¥gusek¥samplel.out - Gusek [2 of 2]
File Edit Search View Tools Options Language Buffers Help

IS 1-1F] | @ &2 |

1 samplel.lp| 2 samplel.out

& B MAEHB @

1 Prohlem:
Rows: 2
Columns : 2 (2 integer, 0 I 4
=R
‘ = 1 {5

Non—zeros:

3

4

5 .

6 Objective:
7

8

9

[= I 7]
15 No. Column name Activity xﬁﬁ# 1L

f‘fﬂ 1] | k

GLPK Param: --cover --clique --gomory --mir

»

m

=CihUsersi\TujieiDesktophTpCclz«k
GLPSOL: GLPK LP/MIP Solver, w4d.
Parameteri{s) specified in the ¢

--cover --clique --gomory --mi
reading problem data from " samp
2 rows, 2 columns, 4 non-Zeros
2 integer wvariables, none of wk
8 Tines were read
GLPE Integer Optimizer, w4.47
2 rows, 2 columns, 4 non-zeros
2 integer wvariables, none of wr
Preprocessing. ..

2 rows, 2 columns, 4 non-zeros
2 integer variables, none of wk
scaling. ..

A min|aij| = z.000e+000 max|
Problem data seem to be well sc
Constructing initial basis...
Size of triangular part = 2
Solving LP relaxation...

GLPE Simplex Optimizer, v4.47

2 rows, 2 columns, 4 non-Zeros
* 0: obj = 0.000000000e+00C
* 3: ob] = 1.133333333e+0C
OPTIMAL SOLUTION FOUND

Integer optimization begins...

Gomory's cuts enabled

MIR cuts enabled

Cover cuts enabled

Clique cuts enabled

Creating the conflict graph...

The conflict graph is either en
+ Z: mip = not found ve

« [m] b

»

m
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ET71)> T EEE (MathProg)

il

examples¥todd.mod (Fy T H v E) examples

& C:¥Users¥fujie¥Desktop¥fpcl 2B ¥ORE S ¥gusek¥examples¥todd.mod - Gusek [3 of 2] o =[S
File Edit Search View Tools Options Language Buffers Help

IBEEJGE B e ¢ Bo|fAE RS

1 samplel.lp| 2 min01ks.med| 2 todd.mod

(@)

/* TODD, a classof hard instances-of zero-one knapsack problems*/ i

/® Written in 6NU MathP| param n > 0 integer;

1

2

3

4 param log2 n = log(n) / log(2);
3 - /*Chvatal describesa clq param k := floor (log2_n);

? dueto Todd. He shows 1 param af{j in 1..n} = 2%k (K+n+1) + 2% (k+n+1-j) +1;
3

9

based onbranchand bo{ o am b 1= 0.5 * floor (sum{j in 1..n} aljl);
to-solve problems-in-the

by these algorithmstos

10 Todd class-grows-as-an-¢ var x{1..n} binary; K -
11 o | )
12 Reference: maximize obj: sum{j in 1..n} aljl * x[jl:

13 Chvatal V. (1980), Hard | 8- t. cap: sum{j in 1..n} a[j] * x[j] <= b; .
2 —( #ifozt )

15 param n > 0 integer; data;

16 param n
17 param logZ n := log|
‘| i end;

15;

GLPK Param: --cowver --cligue --gomory —-mir
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CCETHDFERED
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