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L R%E Optimization Problem

Optimization (mathematics)

From Wikipedia, the free encyclopedia

In mathematics, computer science and economics, optimization, or
mathematical programming, refers to choosing the best element from
some set of available alternatives.

min f(z) x : (§%&t) Z# decision variables

f(z) : BRIBE%L objective function

subject to =z € S. |
S : #l¥ES  constraint set


http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Economics
http://en.wikipedia.org/wiki/File:MaximumParaboloid.png
http://en.wikipedia.org/wiki/File:MaximumParaboloid.png

Optimization (mathematics)

From Wikipedia, the free encyclopedia

(Continued)

In the simplest case, this means solving problems in which one seeks to
minimize or maximize a real function by systematically choosing the
values of real or integer variables from within an allowed set. This
formulation, using a scalar, real-valued objective function, is probably
the simplest example; the generalization of optimization theory and
techniques to other formulations comprises a large area of applied
mathematics. More generally, it means finding "best available" values of
some objective function given a defined domain, including a variety of
different types of objective functions and different types of domains.



http://en.wikipedia.org/wiki/Maxima_and_minima
http://en.wikipedia.org/wiki/Function_of_a_real_variable
http://en.wikipedia.org/wiki/Real_number
http://en.wikipedia.org/wiki/Integer
http://en.wikipedia.org/wiki/Applied_mathematics
http://en.wikipedia.org/wiki/File:MaximumParaboloid.png
http://en.wikipedia.org/wiki/File:MaximumParaboloid.png

Question: What might be the simplest
domain and the simplest real-valued
function?



Possibly the simplest domain:

1R ITTDEHFAXE x € R, x € [a,b]

Possibly the simplest real-valued function:

1R Z I f(x)=cx+d

mAE-&x/IMEZ d [XERER f(x) =cx #HmE%

9



min cx

_ Answer (Optimal Solution)?
subjectto x € [a, b]

The next simplest real-valued case...

2XRZIER  f(x)=cx?+dx+e

Answer (Optimal Solution)? How do you know?

BRI, (S M5 TeerE
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min cx

subjecttox e RL,a<x <b

EREZT nRITTDEANIVMNUVERBICHETR x€R”
(¥R 72) B BIBAER, IR HENIMILERITHRR

4 . )

min 4= 5
o > Rz EHE R E
, (Linear Programming; LP)
subject to Az = b,z > 0.

11



"
iE b B DIESR

EEDEE(LP) THROIDIE, xDEATML (ARRXTERDER)
ThHHEE

L, kY —AEHI(E.. min f(z)

subjectto z € S

c: BARZER (ERXRT) OEX :> 2| IR RE
f(z): NBE%

xDERNBHIEHSHIE0 — 1(binary) ZEH :> HOERZRZELDLLTFL
HAaahEmELREE

et @ N
fG, s HEELMERERD ) (B, T LT S LMD

flx) NEFELWVEBEZF -4 |:> JEHR T2 B 1L ] B
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" A0
BEL P EDTELE min £(z)

subject to x € S

Optimization problem: (5 &1k %)
p L= =
Find € S which minimizes the cost function f(x). o -

BRERIEZR/IME T 2BEZER DTS

Sub-optimization problem: (L% =5E e EE)
Given 7, find € S which attains f(x) < 7.

BHBERIENHDEUTICHRELIGHEE(VED)RDITS

Feasibility problem: (5_% 4T AT Bt S 28)
Find & which satisfies x € S.

fltvzm=9 iz (VWED)RDOT5

13



=
{528 Example

min —xq — o

subject to 3x; 4+ 225, < 12 =D LRZESMENISRIZLAELTEHELY
r1 + 225 < 8

r1 20,22 20

JUSTDOIT.

&~

14



" J
n X FRIBEE X, 4

min —x; — x>

H BB D F SR

subject to 3z; + 225 <12 -717
r1+ 28, <8 -~~~
r1 20,22 20

n>3NEE, RMMREILERTELL
RBIERAFE? =2 0Ty IRE
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" A
HlfEEZiE-9x DEE = ZE{TAlEfEE (feasible region)

—HRICETAIEERE I ZEATHY, FEREFETEALNSD. Li:
MO THRBEIINT EDTERTERSINS. ZEHADIERTHREL,
5, REMICHEREIORRZETI NIEXL.

MZE{A (convex polyhedra)
= ZEATHOT, TORNEHDEED2REFFESRD LD ANT AT,
LEDZEARNBBIZEEND LD
c'x=y

\
\
]

Ax<b,x>0

16



" S

RIZET B RE (LP) D1REER

.

min cTac

subject to Az = b,x > 0.

J

LPIZIRESNHEREDH: HxfHRE
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Transport Problem

Two factories produce a liquid material 90 k¢ and 80 k¢ per day,
respectively. This material should be transported to three customers
requiring 70, 40 and 60 k¢ each. The transportation cost per unit
volume between factory and customer is determined as follows
reflecting distance, road condition, etc.

Customer 1 | Customer 2 | Customer 3
Factory 1 4 7 12
Factory 2 11 6 3

unit: 10k JPY/ kf

Determine the way to transport at the lowest total cost.

18



g

ReH

o
e

2DMNIIHGT, HAXGBER GRIF)EZ—BHH-YZENZEN0 Kk, 80 k¢
HELTWS. INE3IDDOEEIEDEXE (FNEFNTO0, 40,60 kf)IZ
ISCTEELZTNIEESEL, ENENDOIE-WEISLEOEAMAS

=YnEEIRNE, IEEE, BEIRFBREFEID, TEEDKIIITEFH>TLS.

5l ¥ | 5l 1T EEIE W !
Ti5 H 4 7 12
Ti5 2 11 6 3
B4 AA/ ke

ROIALDRVNEEDIEAZERD L.
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m Graph of Transport Problem

Production: 90

Factory

Cl | C2 | C3
F1 4 7 12
F2 | 11 6 3

Transport cost

Order: 70

e : Order:40
Production: 80 \@

Customer

Order: 60
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~
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[

o

11+ x10+ 213 = 90 r11 + ro1 = 70 Lqq > 0
T21 + 222+ x23 = 80 r12 + 220 = 40
r13+ 223 = 60

4x11 + Tx10 + 12213 + 1121 + 6222 + 3223 j

_ T
r = [z11 12 13 21 T22 23],

oNoN _NGN

11000 90
00111 80
00100|, b=|70]|, '=[4712116 3],
10010 40
01001 60
—
4 T \/ EXREICEE

v

subject to Az =, @0.
J

.
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O B l:ﬁL EW IE
1976££(:E+;%2 A EH>TCEBASNf-CETHEA.

~

m T ——ERTILODIEEYEIRE (1736)
EREDALTHEHNI)—=2TF5—F)

Leonhard Euler
(1707-1783)
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Summary:
This is one of Euler's most famous papers -- the Konigsberg Bridge problem. It is often

cited as the earliest paper in both topology and graph theory. So much has been written
about this paper that it would be foolish to repeat it here.

SOLYTIO PRDB‘LE?PLEITIS”
SOLVTIO PROBLEMATIS

GEOMETRIAM SITVS'

"PERTINENTIS.
AVCTORE

Lemb. Euxlero.

12§

§. 1.
TMIWHIPRactar illam Geometriae partem , qune circa qugns

titates verfatur, et omni tempore fummo Apdigr
eft exculia, alterms partis etiampum  admodum
ignotag primus mentionem fecit Leibnitzius, quam Geo-,
metna-m Gitos vocanit. Ifta pars ab iplo in folo fiu

Lo Arans '\'I'n't‘\'l"iﬁt‘qﬂhﬁc arnendic nr‘rn‘hﬂ‘f‘ﬂ.

(PR



http://www.contracosta.cc.ca.us/math/konig.htm

According to the records, it was presented to the St. Petersburg Academy on
August 26, 1735.

Publication: Originally published in Commentarii academiae scientiarum
Petropolitanae 8, 1741, pp. 128-140

28



AAS5—DEEE #ERS2011 F£9A )
m 4ADONE%A,B,C, D LT 5.

B FDBEZEZBEANIEZEZTIZ, AMSBDEATIL—k
ZIESETABEEL.

[T RTDEE

JOBDHIL—EDBHSIERE

B AIZIE x KDE (WE xITFEH) > AOBIREIZUE ?

m fM—2)LTIE?
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DEFRELTHA
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30



HE: TI370FDIERENIEIZILTDOEMNOTINDES, FDIERE
WEFDIEIZHARI=H£,D

E: KICHEDTERNT ATELGOTLSESE
IME: BEDIDNTSNTEGOTNSESE
[Fig: $ET, RYIDEREREBDERNFLLELD

Fig: SECRIDEREREBROERNFL, MOTEREITXTEN
[CEG->TLSHD

AA45—INE: T5370FTRTODIDEEL/IE
AA45—0EK: T5370TRXTDIBEEST B
——ERTIVIDBDOMEREIEA A Z—/MEFE-ZEEOFEERIRE
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m FEIE

BHETET T7DF A 5—RIERERFED=H D W

oK ?‘/\'CODTE,I%OMK;& A&

3!5“ f&é;tfﬁé

BRI IIDF 45—

/J\E%?%OT_&)O)Z\E-I- PR, RED

FHELTHAIERD(E

ﬁ)%).

ML T THAHIET

* JHREDGEA>TWWDILDEHZEDTHRDREAELD

BEICODAE, WDO—FEESMNAEENEIMENDITE
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LA NI F 45—

'--':r':.'.

FA5—IIR LHZEDZERDOHFEET. T
DYE= (XEEET(TTA5M. 700U LD
HMHAHY . FER ITH-{SAEKRINTF-&
LS, BRICHESTRA R A 15— &+
HERL LS ELTZECARTAEIZEEoT1=ELVS,
(911 ~S 7 ETIITH)

HMMNETELI-ECA, A1 S—IXERB00
R—DPEXEL TN =2 EIZHEBESTH S,

17358, HE DR NELS.
EEDREDI7TERIIE{DEEBE TR T
EICEAD, BOMBEHBRDFRITE &
F5HZEMNGEI T,

17074 4H15H - 1783%9AH 18H

F217

_ BDOA 469
The Euler Archive:

Solutio problematis ad geometriam situs pertinentis

(The solution of a problem relating to the geometry of position) a3



x3+y3 =123 «x,v,z€Z\ {0} has no solution.
(Special case of Fermat’'s Last Theorem)

ji=-1, e"=-1

1_71221_71 Zl_n
n2 6’ Zun* 90’ Zun® 945’
n

d
N=—L +wXL
dt

x = f(x), x(t+At) = x(t) + f(x)At

34



" SN

RIZET B RE (LP) D1REER

.

min ch

subject to Az = b,x > 0.

J

LP D 5|78

-

\_

S.

min —T1 — T2

t. 3x1 +20> +23 =12

1+ 22> + x4 =

8

€Ty 2 0, V1.

~
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" S
4 N

min —T1 — T2

s.t. 3x1 +220+2x3 =12
r1 + 20>+ x4 = 8
€Ty 2 O,V’l:.

o

AZBIZHLTHIFIR(E2D. = fEIT—EIZITTEFE L.
T, EHHNKDGEH—EITRELSMN?

Ax =0b



3$1+2.’L‘2+$3= 12
1+ 222 + 24 =38

AZEHIZH L THIFK(T2D. = BEHDIE2DF0LT HEERYDEHDMEL
—EBICEFS (ER). BHBERENBLTEHELII0ETIERDEYAZE
BLTLK.

EHD—EBE0LT HEITE>T—EMICE TS x - EEAE
x 20 Ziaf-9 EEfF: EITAREAEMR
0EHSWN-RR: ERELR, ThL BREXR

Q. x1, X, HEZHELTHEITHL.
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" S

X, 4 rp: RER, oy FEER
NG '
1. 2 =(2,3,0,0)T, 25 = (21,22)7, 2n = (23,24)7
7( 1 2. 2 =(8,0,—-12,0)T, 25 = (21, 23)T, an = (22, 24)T
2 _
3. 2=(4,0,0,4)T, 25 = (z1,24)T, zny = (z2,23)T

4. = (0,4,4,0), 2 = (v2,23)T, 2y = (21,24)7

5. 2=(0,6,0,-4)T, x5 = (z0,24)T, 2y = (w1, 23)T

6. 2 = (0,0,12,8)7, 25 = (23,24)7, 2n = (21,22)T

HITAIREE E#F RITTHE
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T7AT7T idea

C X

I
&

& T

Ax<b, x>0

4 B (0 % TR 5 k\\\ﬁ

Y RORME=> BN FE=>BEREIL T ER
BERIIZEHODENDZ 0 ICEEL HREHFEXZHEILETKRES.
HBEEUENNEMICEDTEHELIIC0 ICEE T HERZEES
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n EEEEEZHATRI

1. xZEEHE xg, IEEERE. xy[Z01T5

2. 115 ABENIZIECT, B, N ITHE]

X = [XN] i, A=[B N]&ELT,Ax =Bxg+Nxy =b

(EVEWIZEASZELAIRE)

40



L]

Ag = | 911 @12 @13 @14 || T2 b wp: BER, vy FEER
a1 @22 a23 G24 | | ¥3

/ x | T4 |
B: EETS, N: FEEEITH

L]

Ag = | @11 @12 413 14 || &2 b xp: BHEMR, oy FEEER
a1 G2 G23 a24 | | %3

@11 ais ai12 aiq
B = , N = . Bxp+ Nay = b
[ ] [ a22 a4 ] b N

BAEAIGZGEzy =0&LTap = B~ 1p. zg >0
HolXEITIRREKA.
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HAOAERTAREERICT LT, —HOEEZTHEERE
EHEANEZS = ERy MEE

ERy MEERDIRTARRE LD LS, ZEEDOD
EDDNERMNLEET DERICBE T S LICHD.

- = (233303 O)T! B = ($1a$2)T! TN = (3;33':84).1”
2= (4,000, 25 = (z1.22)T, 2y = (20, 23)T
. 2=1(0,4,4,0)71, 25 = (z0,23)T, zn = (21, 24)T
.z = (0,0, 12?8)T, rp = (.’I:3,:L‘4)T, TN = (xl?azg)T

|\>><
>/
,/ >
ol
o~ WK

ERy MEEEZRYR L TRERZHRT FRE = STy IRE
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n EEDH|E

Gaamm | =)

NUEEEDANZZZLTH, HBEREA D
LA ld g/

EEELEHM xy [FOMNSIEDEICEIL. BEEZH [ FREDIE
MoEAD LT, &IBIIICIKO0IZESD.

xy ZWM/PNEESE-ELEDIERZR S5-I, BRBERIEZ xy
EITORBE#BELTRIRTELGLD.
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HEARELGHHK: Brxp+ Nxny =0

o EEXH TR 7&3'5%]&%@13}\] A TRIF
WEDFEELZHDIE

rp =B 1b— B Nzy MOTHLTERYII DS
EITEE

o ctcp, cyIZHEl

o HHIEAHNDIE

e = c£x3+c%xN =

xy ZOMBIEDEIZEILSETH, BHBESUEA B A LEWLEEMLTLES)
EHEIF A ?
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"

1. » = (2,3, O,O)T, rp = (wl,:cg)T, TN = ($3,$4)T‘:’JL‘_C
check it!

45



"
n RETRVNEEDEHAE

BEENEIZESNGENES, BRIERENBL T AIIIEELZRE
ANEZD.

X3 X MREL: C —CBB 1N

RIECHEVLDT, B aXMREORIZEDEENHS.
I THIEREZHDEZONSIEMSES.
ECEFT? 2 HEEZHOENID0IZIHDET.

LERS Ty IREDTZILI) X LD EE

46



BXARAMRBDPICEDERNEAHDGE, BAEDRKENLDDT
A, BLDEIENKRSL. (BEMrBLNELY)

OFEEEZEHRLODFEE, HLTHFEEEH 2, DEZ0HDL
Bmsed. EEZ#R2p%
rp — B_lb — B_lak:vk

EEARSEHDERMBNEH Ar = bITFE=-EN 5. (ay [T ap ITHET
HADA)
Arx = Bxp + Nxy =

b=B b, y=B la 95, FEELTH,. TEX

A = min {b;/y; | yi >0}
FTEMSETHLHRESRMSF2 > 0ldiEm=Ssnb.

T AFTEMNSE, FHEIZOICHE-EHEZEEETHET 5.

B FRENEH-SNSGFETRYRY
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