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The Best of the 20th Century: Editors Name Top 10 Algorithms

By Barry A. Cipra

Algos 1s the Greek word for pain. 4/gor 1s Latin, to be cold. Neither 1s the root for algorithm, which stems instead from al-
Khwarizmi, the name of the ninth-century Arab scholar whose book al-jabr wa 'l mugabalah devolved into today’s high school
algebra textbooks. Al-Khwarizmi stressed the importance of methodical procedures for solving problems. Were he around today,
he’d no doubt be impressed by the advances in his eponymous approach.

Some of the very best algorithms of the computer age are highlighted in the January February 2000 issue of Computing in Science
& Engineering, a joint publication of the American Institute of Physics and the IEEE Computer Society. Guest editors Jack Don-garra of the
University of Tennessee and Oak Ridge National Laboratory and Fran-cis Sullivan of the Center for Comput-ing Sciences at the Institute for
Defense Analyses put togeth-er a list they call the “Top Ten Algorithms of the Century.”

“We tried to assemble the 10 al-gorithms with the greatest influence on the development and practice of science and engineering
in the 20th century,” Dongarra and Sullivan write. As with any top-10 list, their selections—and non-selections—are bound to be
controversial, they acknowledge. When 1t comes to picking the algorithmic best, there seems to be no best algorithm.

Without furtherado, here’s the CiSE top-10 list. in chronological order. (Dates and names associated with the algorithms should be read
as first-order approximations. Most algorithms take shape over time. with many contributors.)

IIxoscka 2024/25. ronuna 1/39



The Best of 20t Century:

Top 10 Algorithms

1946: John von Neumann, Stan Ulam, and Nick Metropolis, all at the Los Alamos Scientific Laboratory, cook up the Metropolis
algorithm. also known as the Monte Carlo method.

The Metropolis algorithm aims to obtain approximate solutions to numerical problems with unmanageably many degrees of freedom
and to combinatorial problems of factorial size. by mimicking a random process. Given the digital computer’s reputation for
determiistic calculation, 1t’s fitting that one of its earliest applications was the generation of random numbers,

1947: George Dantzig, at the RAND Corporation. creates the simplex method for linear programming.
In terms of widespread application. Dantzig’s algorithm is one of the most successful of all time: Linear
programming dominates the world of industry, where economic survival depends on the ability to optimize
within budgetary and other constraints. (Of course, the “real” problems of industry are often nonlinear; the use
of linear programming 1s sometimes dictated by the computational budget.) The simplex method 1s an elegant
way of arriving at optimal answers. Although theoretically susceptible to exponential delays, the algorithm
in practice 1s highly efficient—which in itself says something interesting about the nature of computation.

In terms of wide-
spread use, George o ) . ] _ ) )
Dantzig’s simplex 1950: Magnus Hestenes, Eduard Stiefel. and Cornelius Lanczos, all from the Institute for Numerical Analysis

methodisamongthe at the National Bureau of Standards, initiate the development of Krylov subspace iteration methods.

most successful al-

X . These algorithms address the seemingly simple task of solving equations of the form 4x = b. The catch,
gorithms of all time. = < S

of course, 1s that 4 1s a huge n x » matrix, so that the algebraic answer x = b/4 1s not so easy to compute.
(Indeed. matrix “division™ 1s not a particularly useful concept.) Iterative methods—such as solving equations of
theformKx, . , = Kx, + b — Ax,with a simpler matrix K that’s ideally ““close™ to 4—Ilead to the study of Krylov subspaces. Named
for the Russian mathematician Nikola1 Krylov, Krylov subspaces are spanned by powers of a matrix applied to an imtial
“remainder” vectorr, = b — Ax,. Lanczos found a nifty way to generate an orthogonal basis for such a subspace when the matrix
1s symmetric. Hestenes and Stiefel proposed an even niftier method, known as the conjugate gradient method. for systems that are
both symmetric and positive definite. Over the last 50 years, numerous researchers have improved and extended these algorithms.
The current suite includes techniques for non-symmetric systems, with acronyms like GMRES and Bi-CGSTAB. (GMRES and
Bi-CGSTAB premiered in SIAM Journal on Scientific and Statistical Computing. in 1986 and 1992,
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The Best of 20t Century:

Top 10 Algorithms

« 1946: Monte Carlo method

« 1947: Simplex method for linear programming (Dantzig)
« 1950: Krylov subspace iteration method

« 1951: Decompositional approach to matrix computation

« 1957: Fortran optimizing compiler

« 1959-61: computing eigenvalues, QR algorithm

« 1962: Quicksort

« 1965: Fast Fourier Transformation

« 1977 Integer relation detection algorithm

« 1987: Fast multipole algorithm
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JIMHeapHo “nporpamMupame”

JInHeapHO MporpamMHupame j€ CrenujajaH ciydaj
HeJIrHeapHoTr mporpamupama (NLP)

OntuMu3anoHa (PyHKIH]a j€ JIMHeapHa (PyHKIH]a
D

f(Xy, X0 0. Xp ) = Cy X + CpXp +... + CpXp = chxk
=1

YcnoBu cy nuHeapHe pyHKIH]E (JEAHAKOCTH WU

()

HEJEJIHAKOCTH ) <

X, +a,%X, +... +ApXp 3

by

>

k J
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®opmanuzanuja LP

(cTanaapaHu 00J1MK)

e Makcumu3zanuje ONTUMMU3AIOHE (DYHKIH]E
D
f(Xy, X0 0. Xp ) = Cy X + CpXo +... + CpXp = chxk
k=1
* VYcnosu (yKymHO M ycmoBa, by, b,,...b, > 0)
811X + A Xy +...+pXp <hy

8y1X; + 85Xy +...+5pXp <D,

81X + Xy +...+ 8 pXp < by,
X{, X9,..Xp 20

IIxoacka 2024/25. ropuna 5/39




IlpeBoh)eme y cTanaapaAHu 00JIMK

 minf— max (-f)
e (CBe MpOMEHJbUBE MOPAJy OUTH HEHETATUBHE
— HeorpaHWYeHa MPOMCHJHHBA
X — X = X;—X, IIPUA 4EMY J€ X, X, =0
— HETO3WTHUBHA MPOMEHJbHBA!
X< 0 — x =x;—X, Ipu 4emy je X, X, >0
(HajjexsocraBHumje X,=0 1 X, > 0)
* JemHakoctu
— Penykuuja 0poja HEMO3HATUX
ax;+ bx,=c — x;=(c—bx,)/an

3aMEHa y CBUM H3pasuMa TJIE Ce T0jaBbyje
(Moxe J1a Oy/ie KOMIIMKOBAHO y CIy4ajy BEJIUKOI Opoja yCJIoBa) UM

— IlperBapame y ABE HEJETHAKOCTH
ax,;+ bx, = c — ax;+ bx,<cwuax;+ bx,>c

* (CBe HEJeTHAKOCTH C€ MPEBOJIC Y OOIUK
ax;+ bx,<c
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Ilpumep:

npodJieM MHTEPHET NMpPoBajaepa

WNuTepHeT mnpoBajaep ca OrpaHUYEHUM MPONYyCHUM orceroM. J[Be ommuje 3a kopucHuka (1) HeorpaHuuen
npuctyn (flat-rate) u (2) npuctyn ca orpaHuYEeHUM POTOKOM M KOJMYUHOM MojaTaka. Heka je Opoj KopucHUKa
ca HEOrpaHWYECHHMM IPUCTYIIOM O3HA4eH ca Xy, a Op0j KOPHCHHUKA ca OTPaHMYCHHMM IIPUCTYIOM X, . bpojeBn

KOpPHMCHUKA TpHUManajy cKymy Henux OpojeBa. KopHCHUIM KOjU NPUCTYIAJy MHTEPHETY Ca HEOTpaHUYEHUM
NpUCTYyNOM Ilahajy MeceyHO o, a KOPUCHHUIM KOjU NPHUCTYIA]y HMHTEPHETY ca OTPAHUYEHUM MPUCTYIIOM

wiahajy B, npu yemy je o >[3. Ycien orpaHM4YeHHUX KanaluTeTa MpoBajaepa, OCTOje€ TOPHE TPaHULIE 3a X M
X5, Ka0 M 32 X + X, . Llusb mpoBajaepa je na MakcuMH3upa 3apany f(xl,xz): oX +BX, . Koju je ontumanan
u300p X; U Xy ?

Panun unyctpanuje, cmatpahemo naje aa=3, =2, 0<x <10, 0<X, <15 u X, + X, <20.
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I'padpuuxku npucTyn

O‘ I ‘ I ) ’x
1
5 10 15 20
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JloMeH pelemha M eKCTPEMHE TaYKe

» JloMeH peliema j€ 03Ha4€H CUBOM 00jOM

» JlomeH je orpanuueH Taukama O, A, B, C, D
KOj€ NpeACTaBJba]y Kpajibe (EKCTPEMHE) TaUKe

* KoJIMKO nMa EKCTPEMHUX Ta4yaKa y OIIITEM
ciay4dajy ca N ycnoa?

e Peniewme npo0OiieMa Mopa OUTH Y J€IHO] O
EKCTPEMHMX TadaKa JOMEHA pellicHa
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Peureme npoodJjema

» Kako pemuTu mpo0iemM y OImTeM Ccirydajy?

* OnpehuBame CBUX EKCTPEMHUX TadyaKa
JOMEHA U IPOBEpa ONKCHE (PYHKIH]E V BbMA

(0,0)=0
(015)=3
(515)=4
(1

(10,0)=3

fo
fa
f

fe

o

0 10)

o
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Dantzig simplex aaropuram

Hajno3Hnatuju anropuram 3a pemaBame LP

G. B. Dantzig, Linear Programming and Extensions,
Princeton University Press, 1959.

George B. Dantzig and Mukund N. Thapa. 1997.
Linear programming 1: Introduction. Springer-
Verlag.

George B. Dantzig and Mukund N. Thapa. 2003.
Linear Programming 2: Theory and Extensions.
Springer-Verlag.

1975. HobGenoBa narpaja 3a LP nporpamupame y
exkonomuju L. Kantorovich u T.C. Koopmans
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IloyeTak aaropurma

* [lpumnpema 3a mpuMeHy aJropuTMa, IPeBOheHE HEJeTHAKOCTH Y J€THAKOCTH
yBohemwe nomohne (n3paBHaBajyhe) npomensbuse (eHr: slack variable)

X+ X <20 > X + X, +5, =20, 5,20
X <10 > X +5s,=10, s, =0

Xo <15 —> X, +83=15, $3=0
X, X9 =0

1,557,553 =0

* (CBe HEJEeTHAKOCTHU MPETBOPEHE Y J€IHAKOCTH,
CBE MPOMEH/bMBE CY HEHEraTUBHE
* Moryhe je nooutn
— HINOoAACTCPMHHHCAH CUCTCM JIMHCAPHUX jeI[Ha‘II/IHa
— CHUCTEM JIMHEapHUX jeHauYMHa
— HOpCACTCPMHUHHUCAH CUCTEM JIMHCAPHHUX jeI[Ha‘-II/IHa
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KoMnakran (MAaTpUYHH) 3aNKUC

yCJIOBA U ONT. pYHKIM]e

e YCIOBU _ e
11100 X5 20
100 10||s|=10]>Ax=b
010 0 1|5 15
i | N =

* OnTumuzanuoHa GyHKIuja (max)

oe-oneenf][2
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KaHnoHu4yHu 00JIUK

e [{nsb: Makcumu3upaTu Z
« Kanonnunm o0ymmk LP (simplex tableau)

1 —¢'||Z B 0
0 A | |X - b
e VY omnmITeM ciaydajy MOXeE Ce

CBECTH Ha 0Ba] OOJIUK
(CBE J€IHAKOCTH U

CBE IPOMECHJbHBE HCHETaTHBHE)
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Dantzig simplex

 Ilohu u3 jegHE EKCTPEMHE TaUKe
(moapa3zymeBa ce Jia je 0ap je/iHa TakBa Tadyka
[I03HATA, IITO Yy OIIITEM CIy4a]y
HE MOpa Jia OyJie TPUBH]AITHO)

* [IpoBeputn na im je moryhe nmoseharu Z
IPEJIACKOM Yy APYTY CYCEAHY €KCTPEMHY TauKy

e 3aBpIIMTH AITOPUTAM YKOJIHUKO HH]J€ MOTyhe
noBehartu Z (pememe j€ npoHal)eHo)
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Dantzig anropuram 3a npo0JjemM

MHTEPHET NMpoBajaepa: novYerakK

e maxf=3x+2x,=Z
X{+X,+S, = 20
X;+S, = 10
Xo+S3 =15
* 3aBHCHE IIPOMEHJbUBE:
X11 X2 2 O
* HE3aBHUCHE (OCHOBHE) IPOMEHJbUBE:

e OppehuBame monasHe Tavyke:
CBE 3aBMCHE IIPOMEHIbUBE CYy ()
X;=X,=0crnemqn Z=0
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Dantzig aaropuram 3a mpod.jemM

HHTEPHET NpoBajaepa

IMomazumo u3 Tauke (X, X, )= (0,0), Ha cauny je To Tauka O ,a Z =0.

OCHOBHE IMPOMEHJBUBE Cy OHE KOJ€ YMHE JEAMHNYHY cyOMarpuny, S;,S,,S;.

Z
1 -3 -2 0 0 0] |x| [0
0 1 1 10 0||x| |2
0 1 0 0 1 0||s| |10
0 0 1 00 1] S| |15
I el B

OCHOBHE NMPOMEHJBUBE (OHE KOJ€ UMHE JEIMHUYHY CyOMaTpHILy)
Ha31Bajy ce 0Oa3MCHU BEKTOP
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IluBoTH3anK)a

(OCHOBHHM KOpaK ajJIropuT™Ma)

[Iponahu 3aBHCHY IIPOMEHJBHUBY Ca
MO3UTUBHUM KO€(PUIIU]EHTOM y Z
(moBehame Te mpoMeHJbHBE TTOBehaBa Z)

IloBehatn npoMeH/bMBY MaKCUMAaJIHO MOT'yhe
Ha OCHOBY YCJIOBa KOJU IIOCTOJ€

[Iponahu HajCTPOKH YCIIOB
(HajMam-€ TTOBehame)

3aMEHUTH OCHOBHY U 3aBUCHY IIPOMEHJbUBY
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UcnuTuBame 3a NPBU KOPaK

o [ =3X+2X,
X{+X,+S; = 20
X1+Sz — 10 X2
Xo+S3 =15 H,I

* X, UMa NO3UTUBHU KOE(DUIIA]EHT
X;+0+0=20 — X;; 0= 20
X1+O = 10 —> leax - 10 10 -
Xo*+S3 =15

* HajcTpoxku yciioB Xy, = 10

e Z=3(10-s,)+2x,=30—-3s,+2x,
—S, +X,+5, =10
X, =10-s,
XS5 = 15 R

« Hogo pememe (X(,X,) = (10,0), Z.., = 30
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EKBUBaJICHTHE MAaTpUYIHE

MaHUuNnyJganuje
1 -3 -2 0 0 O Xy 0 1 0 -2 0 3 O Xy 30
0 1 1 10 0||x,| (20 |01 1 100 X2—20<D+
Mo 1 0 01 0/|s|7|10] Jo1 0 01 0fl|s| |10] %1~
0 O 1 0 0 1] |3 15 O 0 1 00 1| 9% 15
i i N o] L i N =i
 Z ] e TabJ10 ce TUITMYHO ITHUIIIE
1 0 -2 0 3 0||x| [30] 6e3Bexropa[Z x S| u 3Haka
. 000 1 1 -120]/|x]|_[10 J€THAKOCTH
01 0 O 31 10
00 1 0 0 S, - ° OHH Cy OBJIC HallMCaHU pajx
- s | jacHOT carjieJlaBamba Be3e ca

- IT1O0JIa3HUM CUCTCMOM
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UcnuTuBame 3a HApPEAHU KOpPakK

o Z=3(10-s,)+2x, = 30 — 3s, + 2X,
—S, +X,+s; =10
X, =10-5,
Xo+S3 =15
* X, UMa MO3UTUBHU KOE(DUIIA]EHT
—0+x,40=10 — X, = 10
X, =10-5,
Xo+S3 =15 — Xomay = 19
HajcTpoxu ycloB Xyma, = 10
« Z=50-2s,-5,
X, =10 +5s,—5;
X, =10-s,
—S;+S,+S3=5
« Hogo pemewe (X{,X,) = (10,10), Z

X, I
15

10

max

=50
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AHaJIM3a HaApPeJAHOT KOpaKa

e L= 50-25,-5,

* Hewma BuIlIE TPOMEHIJBUBUX KOJ€ UMA]Y
MO3UTUBHU KOC(PUIIU]JCHT Y Z

 Hema moryhnoctu 3a najbe noBehame Z

* Pememe je mponaheHo

* Kpaj anropurma
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I'eHepasu3anuja

YKONHMKO Cy WIAHOBH Ca JICCHE CTPaHEe YCJIOBa
b, HEeHeTaTUBHM, TOCTOJU PEIICHE

Kako opranusoBatu ajiropuram
YKOJIUKO Cy D; HeraTuUBHU?

Onucanu MOCTynak Ha3uBa ce “gaza 2” CUMIUIEKC aIrOpUTMa

[Ipernpornecupare (“dasa 1) CBOJI CBE JIpYTe LP nmpobneme
y 00JIMK KOJH C€ MOXKE pemuTH “pazom 27
[TotpeOHo je mpoHahu 6a3MCHU BEKTOP

— J1071a]y c€ “BElITauKe HpOMeHJBI/IBC”

— NHMBOTH3AIMJOM CE peliaBa “J10JaTHH npo6neM KOJH z[aje dbopMynanujy
MOJIa3HOT Mpo0IeMa KOJU ce MOXe pemnTH “dazom 17

Moske ce IOroJINTH Jia MoJda3HU IpooIeM
— HeMa pelleHhe
— ONTUMU3AIMOHA PyHKIH]ja (Max) HUJ€ OTPAHUYCHA Ca TOPHE CTPaHE
[IpeTnpolecupame je CI0KEHO Y OIIITEM CIy4ajy
lxosncka 2024/25. roquna 24/39




I'eHepanu3anuja:
CyBHIIIHH YCJIOB

0 00

0 1 2 10 2

max x+y 0o 1 0 01 3
X+2y<2 1 0 1 1 0 2

o X<3 01 2 1 0 2
00 -2 -111

 IlojaBsbyje ce HEraTUBHHU
KOC(UIIU]ECHT

» * lIpeckouuTu TaKkaB yCJOB

X
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EdpukacHocT:

HU300p HapeaHOr KOpaKa

— e I W U -
= =
0 2 1 1 2

1—1—100311012
0 2 1 1 2 0 2 112
* VY npBOM cily4yajy ABa KOpakKa
y IPYyrOM CiIy4ajy jedaH KOpak

e Op u30bopa HapeIHE Tauke
3aBUCH €(PUKACHOCT

ol 4
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TpancnmopTHu nMpodJIemM

(YCJ10BH CY HCK/bYYMBO j€IHAKOCTH)

Komnanuja npousBoau mrammaue y a8e gpadopuke F1 u F2 Ha paznuuntum mectuma.
ITopen Tora, uma Tpu npojaajaa oojexra Cl, C2 u C3.

Meceunu 3axTeBu objekata (y maketuma oj no 10 mrammnava) cy 8, 5 u 2.

®ab6puke F1 u F2 mory ga mpousBeny 6 u 9 maketa MECE4HO, PEAOM.

[IpeHoce ce uCKJbY4YMBO MaKeTH (HUj€ MOryhe JeJbebe MaKkeTa Ha MabEe JeIMHULIE).
[IpumeTnTH a je yKyIHa MPOU3BO/HHA J€JHAKA YKYITHO] TOTPAXKELH.

Tpaucnopt u3 padbpuka 10 npojajHUX odjekaTa UMa pa3IMuUTy IIEHY 300T
pa3IMYUTUX MECTA HA KOJUMa CE€ OHU Hajase.

[{ene TpaHcmopTa cy AaTe y Tabeau u

M3pajkeHe Cy y XMJbaJlaMa JIMHAPa. [lene nmpenoca u3 FX'y Cy
[Tponahu 1u1aH HCIIOPYKe Cl C2 C3
(KOJIMKO IMaKeTa Ujie y KOJu IMpojiajHu LIEHTap F1 5 5 3
U 13 Koje (padpuke)

TaKo Jia TPOIIKOBHU TpaHCIIOpTa Oyy MUHUMAJIHU. | F2 %) 4 1

N3pauyHatu MUHUMAITHE
TPOLLUKOBE TPAHCIIOPTA Y TOM CIIy4ajy.
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Dopmyanuja

* Tpo1IKoBH UCIIOPYKE CY
Z = DXy + DXy, + X3 + 606Xy +4X,, + Xog
rie je X;; Opoj makeTa Koju uje us padpuke 1y
oojekar | (1 e{1,2} uj e {1,2,3})

* llotpebHo je mponahu cBe X;; Tako ja
(G yHKIIM]a Z UMa MUHUMAaJIHY BPEIHOCT, IPU
3aJ]aTHM YCJIOBHUMA

* Xj; MOpa OuTH 11€0 Opoj U HeHeraTthBaH (X;; > 0)
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DopMyJanuja ca ycJIoBuMa

* MIN 7 =5x, 45X, +3X; + 6X,; + 4X,, + Xy,

e VYCI0BHU
X1+ Xy =8
Xip + Xy =D
Xig3 + Xpg = 2

Xy + X, +X3=06
Xog F+ Xop + Xp5 =9

 CBH yCJIOBH Cy jeAHAKOCTH!
Hema noMohHUX mNpOMEHIJbUBHX
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JeIHOCTAaBHO pelleHe

eJIMMHHAIIM)OM IIPOMEH/bUBUX

e (CBaKy J€IHAKOCT MOXKE€MO UCKOPHUCTUTH Ja
CITMMHHUIIEMO I10 JeHY IPOMEHIbUBY
Ennvmunanmja X4
MiN z =5X;; +5X,, +3X3 + 6X,; + 4X,0 + Xo5 => Z=40+5Xy, +3X3+ Xog + 4Xpp + Xog
X+ Xpy =8 => Xq =8— Xy
Xip + X5 =5
X3+ Xp5 =2
X + X+ X3 =6 => =Xy + Xpp + X3 =—2

Xog + Xop + Xpg =9
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Hapennu xopanu eaxumMuHanuje (X;,)

« JKyto o3HaueHe jeqHaunHe cy Beh nckopunrhene

EnmnMmunannja X,

Z=5X;; + 99X, +3X;3 + 06Xy +4X,, + Xps => Z=065+3Xy3 + Xog — Xy + Xp3
Xpg + Xy =8=> X =8— Xy

Xip + Xgp =3 => X =0~ Xp

X3+ Xp3 =2

X3 F Xpp + X3 =6 => =Xpp + X + X3 = —2=> —Xp1 — Xpp + X3 =~/

Xog + Xop + Xpg =9
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Hapeanu kopanu eaumMuHanuje (Xqs)

« JKyTO 03HadeHe jeqHauMHE Cy Beh ncKopuitheHe
Enmnvunanmja X3
Z=D5X; +9X, +3X3+ 06X, +4X, + Xog => Z =71+ Xo1 — Xgp — 2X03
Xpg + Xp =8 => X3 =8—Xp
Xpp + Xpp =D => Xjp =5~ Xpp
X3+ Xp3 =2 => X3 =2—Xp3
Xig + X + X3 =6 => =Xo1 + Xpp + X3 =—2=> —Xp1 —Xpp = Xp3 =9
Xog + Xop + Xpg =9

[Tocnenme ABE jeIHAYMHE CYy UJCHTUYHE!

IIxoscka 2024/25. ronuna 32/39



Hapeanu kopanu exuMuHamnmje (X,)

« JKyto o3HaueHe jeqHaunHe cy Beh nckopunrhene

Enmnvunanmja Xoq

Z =9Xy + 99X, +3X;3 + 06Xy +4X,, + Xy => 2=80-2X,, —3Xy5
Xpg + Xy =8=> X33 =8— Xy

Xip + Xpp =0 => Xjp =0—Xpp

X3+ Xo3 =2 => X3 =2—Xp3

X1+ Xpp + X3 =6 => =Xo1 + Xgp + X3 = =2 => —Xp1 = Xpp = Xp3 =9

Xo1 + Xpp + X3 =9 => Xp1 =9 —Xpp — Xp3
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ITocne oBe eaMMHUHAIIA]E OCTaje CaMO

2 =80 —2Xyy —3Xy3
OBy (pyHKIIM]Y j€ HOTPEOHO MUHUMH30BATH, IITO CE MOCTHKE
Y3HUMabEeM MAKCUMATTHAX BPETHOCTH 32 Xy = D U Xy = 2

CBe ocTajie IpOMEHJbUBE 100HM]ja]y CE€ U3 J€AHAKOCTH KOJ€ Cy
MCKOpHUIITNEHE 3a BbUXOBO "€IMMHUHHUCAE"

Konauno z;, = 64,
(X11, X120 X135 Xp1, X5 Xp3) = (6,0,0,2,5,2)
Y ommrem ciydajy pemaBamwa LP rpo0iieMa ca jeqHakocTuMa
IIOCTO]j€ JIBe MOI'YhHOCTH
— CIMMHUHUCAKE J€HE MPOMEHIBUBE J€THOM JeTHAYNHOM

— yBobeme BemTauke (eng: artificial) npomenssuse
Tajga ce Moxke npumenntr Dantzig anropuram, ainu ca oo¢ ¢ase
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OcHOBHE YMHL-CHHUIIE O

Dantzig simplex anropurMy

Hajuenthe kopunthen anropuraM y mpakcu 3a
LP ontumMu3zanmjy

Y 3aBHCHOCTH O]1 [10JIa3HOT peliewka, Moryhe je oouhu cse
EKCTpeMe Jia OM C€ CTUIJIO A0 HajOOJbEr
(IIITO j€ €KBUBAJICHTHO CUCTEMATCKOM IpETPaKUBaY )

Bpeme norpe6Ho 32 nperpaxkusame je O(N?)
(Y HajJHEIOBOJbHH]UM CITy4ajeBUMa, IIOCTOJU CTPOT JI0KAa3)

bes 003upa Ha TO,
OBa] aJropuramM A00pO pajiv y IMPaKkCcu
CoKeHOCT

— y npakcu je tumuaao O(N3),

— TEOPHU]CKH €KCHOHEHIIM]ajHa (00MJIa3aK CBUX €KCTPEMHUX Tayaka,
MOT'y C€ KOHCTpYHUCaTH MPUMEPH TJIe alropuTaM Mopa Aa Ipolhe cBe
eKCTpEeMe IIpe HETOo IITO MpoHale pericme)
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UMmiiemMeHTanuje

Dantzig cumMmmjiekc aJropurMa

- MATLAB:

— linprog,

— 1ntlinprog
« Mathematica:

— LinearProgramming

« Numerical Recipes In C: The Art Of Scientific
Computing: void simplx(..)

 Python:
scipy.optimize.linprog (.method=‘highs-ds’..)
scipy.optimize.linprog (.method=‘simplex’..)
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Jlpyru aaropurvu 3a LP

Criss-cross algorithm
HEIITOo jeaHocTaBHHjU oA Dantzig simplex

Fourier—Motzkin elimination

Karmarkar's algorithm

jelaH O]l pETKUX aJIrOpUTaMa KOJu je OMo MmaTeHTHUPaH,
IPUIINYHO KOMIIMKOBAH

(nepdopmaHce y npakcu Hucy 0osbe o Dantzig cumiuiekca)

Metoau yHyTpamme Tauke (interior-point methods)
npoHanase pemewme kpehyhu ce mo

YHYTPAIIlkOCTH CUMILIEKCA

(3a pasnuky o Dantzig anroputMa xoju uae o uBuiamal)

Csu anroputmu Koju penraBajy NLP nmpoGieme mory na ce
npuMeHe (Ipu ToMe, HEKa1a Je NOTPEOHO MTPOMEHUTH
ONTHMU3AIIHOHY cpyHKuI/IJy =—|[[f]l], +const.)
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3amaTak 3a Bexoe

;—'_-

Komnanuja 3a mpon3Boilby pauyHapa rnoceayje 5 ¢padpuka y KojuMma cKiiarna padyyHape, OJIaKie
uX TOTOM Iajbe y MEHTpe 3a mpojaajy. Kommanuja mocemyje 3 meHTpa 3a Mpojiajy Koju ce
Hajasze y Kpyry apyre, Tpehe u nere ¢adbpuxe. CBakor gaHa mOTPeOHO je CBAKM CKJIOMJbEHH
padyHap TpaHCIOpTOBaTH U3 (adpuKe y jelan IeHTap 3a nponaajy. ¥ tadenu 1.1. nate cy niene
TpaHCIOpTa jeAHOr padyHapa oj (aOpuka 10 LEHTapa 3a nponaajy y espuma. bpoj pauynapa
KOjU CE€ CBAKOT JjaHa CKJIOMNHU y cBakoj Gabpuin HaBeAeH je y Tabenu 1.2.

Tab6ena 1.1. I{ene Tpancnopra oj habpuke 10 MpoJajHOT IEHTPA.

dabpuka IenTap y kpyry | Llenrap y kpyry | Llenrap y Kpyry
dabpuke 2 dabpuke 3 dabpuke 5
1 2 3,2 2,4
2 0 1,6 4,8
3 1,6 0 2,8
4 2,8 0,8 2
3) 4,8 2,8 0
TaGena 1.2. bpoj pauyHapa KOju c€ CKJIOMHU CBaKOra JaHa.
®dabpuka | dabpuka 2 dabpuka 3 dabpuka 4 dabpuka 5
700 500 100 800 400
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3amaTak 3a Bexoe

(mocTynak peniaBama)

CBakor gaHa CBakH IIeHTap 3a mpozaajy moxke na npumu HajBuire 900 pauynapa. [lorpeOHo je
npoHahu JHEBHM pacropes TpaHCIOpTa 3a KOjU j€ YKyIHa I[I€Ha TPaHCHOpTa MUHUMAaJHA.
YKyIHa [IeHa TpaHCIIOpTa oJAroBapa 30Mpy IIeHa TPAHCIIOPTa CBHX padyyHapa CKIIOIJbEHHUX TOT
JaHa. 3anKc pelIeha OBOI IPoOIeMa je X = (X2, Xi3, X5, Xp2 - Xg5) , TAE j€ Ca Xjj O3Ha4eH Opoj

padyHapa CKJIOIUbEHUX y (pabpuiy i KOju Cy TPaHCHIOPTOBAHU Yy IIEHTAp 3a MPOJAJy Y Kpyry
dabpuke j, npudyemyje i=12,3,45u j=23,5.

dopMynucati OMHMCaHU TPOOJIEM Kao MpoOJeM JMHEApHOT MpoTrpaMupama W PENIuTH Ta
xopunrhemem Dantzig simplex aaropurma (Python method="highs-ds’ nimu C/C++ kon).

Pememe npo6iema 0u Tpedaio 1a caipiKu:

1) xox xopuiheH 3a peniaBame u

2) ASCII ¢ajn y xojeM je 3anucaHo HajooJbe mpoHaheHo peliewme npodiaemMa u oarorapajyhy
BPEJIHOCT ONTUMM3AIIMOHE (DYHKIIH]E.
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