AuikoTnTa

AnNuUNTPNG PWTAKNG

>xoAn HAekTpoAoywv Mnxavikwyv
Kal Mnxavikwv YNoAoyIoTWV

EBviko MeTaoBio MoAuTexveio




[MioTonoinon Avw ®payuaTtoc

min 2:132—|—ZE4—|—
S.1. LT+ Lo+ &3 -
T1 =

T3 -

3xo 4 x3 -

5:87
- T4
- 5
- 26

L1,L2,xL3,L4,XL5,Lp, LT

Nai, n.x. [0, 1, 3,0, 2, O, O].

'Exel To I'M ikt AUCN PUE KOOTOC < 2;

OO WN PH

IR N R
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[MoTonoinon Katw ®payuartoc;

min 2> + x4 +
S.1. x1 + o + x3
S

g

3zo 4 3

5:137
- x4
- X5
- 26

L1,L2, L3y, L4, L5,LG, LT

nwc 6a To NICTOMOINOOUE;

'Exel To I'T1 epIkT AUON PE KOOTOC < 2;
'ExouVv OAEC Ol EQIKTEC AUCEIC KOOTOC > 2;

i AR R

AV OAEC Ol EQIKTEC AUOEIC EXOUV KOOTOC = 2,
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[MoTonoinon Katw ®paypaTtoc

min 2> + x4 + Sx7y
S.t. x1+xo+x3+x4 = 4
r1 +xr5 = 2
r3 t+rg = 3
3o +x3+x7 = 6
> 0

L1,L2, L3, L4, L5,LG, LT

—I1 — Lo — T3 — X4 —4 N 2 = —x1+2x> — x4 + X7
=F= +to= > 6 < 2%+ x4 + 5x7

To [0, 1, 3, 0, 2, 0, O] (kooToC 2) €ival
BEATioTn Auon ( Je anodeién ) !
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YnoAoyiopoc Katw ®dpayuaTtoc

min 7xq1 + x> + 5z3

S.t. r1 —xo+3x3 > 10
521 +2x0—x3 > 6
r1,22,23 2> O

Auon [1.8, 0, 3] ye kooToc 27.6. KaAuTtepn;

2x1 — 2x5 4+ 623 > 20 BN 26
51 +2x>—x3 > 6

(x1 + 53
(x1 + o + Dx3

VANLVAN
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YnoAoyiopoc Katw ®dpayuaTtoc

min 7xq1 + xo -

S.1.

- 5x3

L1 — L2 7

- 3x3

5x1 + 2x5 — x3

L1,L2, I3

VIV IV

max 10y + 6y>

10 S.1.
6
O

y1 oy < 7
—y1 T2y < 1
3y1 —y>2 < 5

y1,y2 = O

Auon [1.8, 0, 3] ye kooToc 27.6. KaAuTtepn;

y1(x1 — 2o+ 3x3) > 10y =
yo(bx1 + 225 —x3) > 6o

= 10y1+6y> < (y1+5y2)z1+(—y1+2y2)zo+(3y1—y2)x3
NpwTtevov (primal) kai duiko (dual) M.
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YnoAoyiopoc Katw ®dpayuaTtoc

min 7xq1 + x> + 5z3 max  10y; T 6y2
== =~ oy = f
521+ 22> —23 > 6 2 =
r1,r2,23 = O Y1—y2 S
y1,y2 = O

AuUikOo Auon y = [2, 1] wpeAsgiac 26
(KaTw ppaypa OoTo NPWTEUOV).
NpwTevov Auon x = [1.75, 0, 2.75] kooTouc 26 !

IooTnTa dev €ival Tuxaia !
Oswpnua Auikornrtac oto M.
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AANO Mapaderyua

max  4y; +2y2 + 3y3 -+ 6y,
min 2x> + x4 + Sx7 s.t. y1+y2 < O
s.t. x1t+xo+x3+14 = 4 y1 +3ys < 2
rt1+x5 = 2 y1 tyst+ys < O
r3+xrg = 3 yr < 1
3zo+xz3+2x7 = 6 yo < O
T1,T2,23,%4,%5,26,27 = O y3 = O
ya < S5

NpwTevuov Auon [0, 1, 3, 0, 2, 0, 0] kooTouC 2.
Auiko Auon [-1, 0, 0, 1] wgeAsiac 2.
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AuikoTnTa

NpwTetov: p = min{clz : Az > b,z > 0}
AUIKO : d = max{bly : ATy < ¢,y >0}
d = min{(=b1)y : (~A)y > —c,y > 0}
AUTKO TOU dUiKOU :
max{(—cz: (—ATYT2 < —b,z > 0}
=min{clz: Az>b,2> 0} =0p
... Elval To npwTeUOV!
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AcBevnc AuikoTnTa

NpwTetov: p = min{clz : Az > b,z > 0}
AUTKO : d = max{bly: ATy < ¢,y >0}
AocbBevnc AuiKOTNTA : AV X Kal y QPIKTEC AUCEIC
yia To ApwTEVUOV Kal dUiko, ¢l z > bly
c>Aly o > (Aly)! =yt A
cle > (y' Ao =yl (Az) > ylb = b1y
AV NPpWTEUOV Kal OUTKO EPIKTA, p > d

Mponypéva O¢uata AAyopiBuwv (Avoi€n 2022) Auikotnta 10




Ioxupn AuikoTnTa

NpwTetov: p = min{clz : Az = b,z > 0}

AUTKO : d = max{bly : ATy < ¢}

Ioxupn AuikoTnTa : av NnpwTeuoVv BEATIOTN Auon,
dUiTkO BeATIOTN Auon Kal p = d

Ty = Al_glb } = el cgaz*B = cg(Aélb)
ac}kv 0 — yTb

|
A~
)
ulgn
A
& |
—t
N—
by

y = (A1) ep @ikt kai BEATIOTN AUOR Yia BUIKO.

0 < cjj\} — ch]__glAN — C% —ylAy = A%}y < cy

BEATIOTN YIia QUiKO €UKOAa ano TapnAo Simplex.
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> UVENEIEC

/\+w
0 Av npwTeuov kal dUiKO eniAUCIUQ, T
BEATIOTEC AUCEIC ME Id1a TIMN. o
' B ' EPIKTOV
L] Av"n'pooTsuov Hr] (PPAyHdeEVo, M50V 11
OUTKO JN-ERIAUCIUO. TPOTEGOV
O Av OuikO Un-Qgpayuevo, —
NPWTEUOV UN-ENIAUCIUO. %1 pétiomc
L} =n ¥ ] r >\.«,
O Mpwteliov kai duUikd pn-eniAlaipa. opEre ==
EQIKTOV
AMOoemV Yo
OVIKO
Vv — O
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> UVENEIEC

A+ o0
N
KOGTOG
EQPIKTOV
AMOoE®V Yo
BeATiOTN | MN-@ppayu | Mn-eniAuo TPOTEGOV
BéATIOTN ¥ x X —
— Y
Mn-¢payy X X | K3 Bﬁx?g;?]rgnq
OPEAELDL
Mn-eniduc| X ¥ ] -
AMOoemV Yo
OVIKO
Vv — O
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KaTtaokeun Auikou

min < max
IooTnTa & MeTaBAnNTn MN-NEPIOPIOUEVO MPOONUO
AviooTnNTa < MeTaBAnTn KN-apvnTikn

min cx max by
Aix=b; 1€ Me y; 20
Ax > b; 1€ M, y; > 0

z; >0 j€N Aly<cg
r; 20 j€ Ny Aly=cy
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Complementary Slackness

EpikTEC AUOEIC X (NpwTeuoVv) Kal y (duiko) ival
BEATIOTEC avV

B >UvOnNKEeC NPWTEUOVTOC: ,
Vj € [m] z;(c; — Aly) =0 (z; #0 = Aly = ¢))

B >uvOnkec duikou:
Vi€ [n] yi(Asz —b;) =0 (y; 0 = Az = b;)

o — bTy o — yTAm -} yTA:U — yTb
= 2l (c—Aly) +y' (A2 -0b) >0
clder=blyosl(c—Aly)=0Ayl(Axz—b) =0

Mponypéva O¢uata AAyopiBuwv (Avoi€n 2022) Auikotnta 15




Napadeiyua

min 7.581 —|— £ == 5£E3 ot 1Oy1 = 6y2
st. x1—ap+3z3 > 10 St yrToy2 < 1
521 + 22> —x3 > 6 —y1T2y2 s 1
x1,x2,23 > O Wi—v2 = 9
y1,y2 = O

NpwTevov Auon x = [1.75, 0, 2.75] kooTouc 26 .

AUIKO Auon y = [2, 1] wpeAsiac 26 .

B AMayn b oe b’ = [10.5, 6.5]. Nwc yeraBaAAeTal 1o
KOOTOC TNC BEATIOTNC AUuONnC.
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min

Napadeiyua

2xo + x4 + S5x7

1+ T2 + X3+ T4

L1 T I§5

T3 + Tg

3zo + x3 + 27

L1, L2, X3, L4, L5, L6, L7

OO WN P+

vVl

MaxXx 4y1 —|— 2y2

S.1.

Y1 + Y2
Y1 + 3Y4
Y1 + y3
Y1

Y2

Y3

Y4

IANIANINININININ

NpwTevuov Auon [0, 1, 3, 0, 2, 0, 0] kooTouC 2.
Auiko Auon [-1, 0, 0, 1] wgeAsiac 2.
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Primal-Dual

min > .cpw(e)ze

s.t. Y me— Y xe=0 YweV\{st}

ecout(v) ecin(v)
Z Le — Z Le — 1
ecin(t) ecout(t)
Le 2 O Ye € E
Mmax Yyt
st yo—yu Sw(u,v) V(u,v) €EE
—0 6

Ys =
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AAyopi18uoc Dijkstra

min > .cpw(e)ze

s.t. Y me— Y xe=0 YweV\{st}

ecout(v) ecin(v)
Z Le — Z Le — 1
ecin(t) ecout(t)
Le 2 O Ye € E
Mmax Yyt
st yo—yu Sw(u,v) V(u,v) €EE
—0 6

Ys =
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MevioTo Taipiaoua

Taipiaopa : akPeC Xwpic Kolva akpd.

max > e

eclE
st. > ze<1 Yo eV

e.vee
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EAaxioTo KaAuppa Kopupwv

KaAuvppa Kopu@myv : oUVOAO KOPpUPWV WOTE
KABe akun €xEl Eva TOUAAXIOTOV AKPO TNG O€
auTo.

min P
veV
Yy €E%O010 YveV
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AuikoTnTa

min > max > we
veEV eck
st. yo+yu>1 V{v,u} € E st. > ze<1 VvoeV
>0 Yo €V evee
o = ’ 2e>0  VecE

Taipiaoua M kal kKaAuppa
kKopupwv C, |C| = |M|

Taipiaoua M kal kKaAuppa
kKopupwv C: |C| = |[M| =
M ueyioTo kal C eAayxioTo.
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AvTigeTwnion NP-AuokoAiac

O Av P = NP, Oox1 aAyopiOuoc nou yia oAa Ta oTiyphioTuna
NP-duokoAou npoBAnpaToc unoAoyilel BEATIOTN Auaon
O€ MOAUWVUMIKO XPOVO.

[0 EUpPETIKEC TEXVIKEC: UXVA ypnyopa BEATIOTN Auon aAAd
Kal QUokoAa oTiypioTuna (apya n/ kat oxi BEATIOTN Auon).
B Tonikn avaldntnon.

Simulated annealing.

[eveTiKoi aAyopiBpol.

Branch-and-Bound, Branch-and-Cut.

Mponypéva O¢uata AAyopiBuwv (Avoi€n 2022) Auikotnta 23




AvTigeTwnion NP-AuokoAiac

[0 «EUKoAec» nepINTWOEIC.

0 AvdaAuon peonc nepintwonc / mOavoTikn avaAuon.
B [prnyopol o€ oTIyMIOTUNA Nou gugavifovTal CUXVOTEPA
(apyoi pyOvo yia OTIydIoTUNA HE pikpn niBavoTnTa).
B Alapopa ano EUPETIKEC TEXVIKEC: BewpnTikn avaAuon.
O [Fvowpifoupe niBavoTnTa Kal NOTE KaAn / kakn anodoon.
O AAyOpIBuol Npocoeyyiong [Johnson, Sahni and Gonzalez, ..., 70's]
B AAYyOpIOuUOI NOAUWVUNIKOU Xpovou (X.n.).
B 'Oy (navrta) BeATioTn Auon.
B AvaAuon XEIpOTEPNC NEPINTWONC WC NPOC NoloTNTAa Auonc.
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[1pooeyyioTIKOI AAYyOpIBOI

O Anodoon XEIpOTEPNC NEPINTWONC YVWOTWYV EUPETIKWV
aAyopiOuwyv (apxika Kupiwc anAnoTwyv).

O Xxediaopoc poly-time aAyopiBuwy nou cuunepipepovTal
anodedeiypeva kaAa yia Kabe oTiydioTUno.

O AOYyoC NpPoOCEYYIONG

| | _ E fo(Aalo))
B AAyopiBuou A via npoBAnua [1: ’YH(A) — (gfel%z( fa()\*(U))
B [lpoBAnparog N: vy = min {vm(A)}

A poly-time alg
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EAaxioTo KaAuppa Kopupwv

]

Eicodoc: ypapnua G(V, E)

E@ikTn Auon: unoguvoAo Kopupwyv C C V :
KaBe akun TouAaxioTov eva akpo ato C

B C cival kaAuppa Kkopuwyv (vertex cover).

>TOYOC: KAAUUUA KOPUPWV PE EAAXIOTO #KOPUPWV.
NP-duokoAo npoBAnua.

[l

i} i
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Taipiaoua

0 Taipiacpa : unoouvoAo akpwv M C F
XWPIC Kolva akpd.

O Ta kabe Taipiacya M, TouAaxioTov €va ano Ta akpa
akpwVv M avnkel o KaBe KAAUPPA KOPUPWV:
B VTaipiaopya M, eAaxioTo kaAuuua kopupwyv |C*| > |[M]
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MeyioToTIKO Taiplaocua

0 MeylOTIKO Taipiaoua : Taiplacuya nou av NpocBecoupE
aKun Nauel va €ivail Taipiacua.
B MeylOTIKO Taiplacuya M : kabe akun ekToc M
EXEl KOIVO AKPO PE akun Tou M.
B AKpad aKpwV HEYIOTIKOU Talplacyatoc M ouykpoTouV
KaAuppa kopupwyv C.
B |C| =2|M|<2|C
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AAyopiBuoc MM

0 YnoAoylopocC JEYIOTIKOU TalpiaopaTtoc M.

B [1pooBnkn akpwV eVOOW UuNApXouV aKPEC Mou
npooBnkn Touc divel Taipiaoud.

KaAuppa kopupwv C : oAa Ta akpa akpwv M,
[MToOAUWVUUIKOC XpoVvoc.

OpOoTnTa : 1810TNTA PEYIOTOTIKOU TAIPIAOWATOC.
Aoyoc npooeyyiong = 2.

B |[C| =2|M]| < 2|C"| (navw gppaypa).

B [lapadeiyuaTta onou kKooTtoc MM d61nAaoio BeATIOTOU.

10
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