AipAHOB H.M.
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AJITOPUTMBI
N CTPYKTYPbI JTAHHBIX

ZKAJITHBIE AJITOPUTMBI (GREEDY)
JIMHAMUYECKOE ITPOTPAMMUPOBAHUE



SAIAYA O PIOK3AKE

ano:

e Prok3ak MakcumMasbHON BMecTuMocTH W (110 Becy)

® 1 IIPEIMETOB, JIJIs KOTOPBIX 3aJlaH BeC wW; U IEHHOCTh V;

Tpebyercs: Bribpars npeamerst obiiero Beca < W n
MaKCUMAJIbHON CYMMAapHO# ITEHHOCTH.



SAIAYA O PIOK3AKE: YKAIHBIN AJITOPUTM

IIpeamosokum, 9T0 MOXKHO OpaTh JPOOHBIE YACTHU IIPEIMETOB.
(HapuMep, ecTb IIeCOK 30JI0TOM, CepeOPSAHHDBIH 1 MEJHbIH 1 MOXKHO
HACBIIATH JII000€ KOJIMYECTBO U3 UMEIOIIEroCs B HAJIUIUY )

OueBUIHO: HAJO HACHIIATH B PIOK3aK CAMbIl I€HHbBIM (30n0T01‘x’1). Ecim
B PIOK3aKe OCTaJIOCh MECTO — CJIEAYIONINil 110 IIeHHOCTU
(cepeGpstHHBIN) U T.J1.

2KaHblit alrOPUTM JIaeT PEIeHue ¢ IEHHOCTHIO

Vgreedy— fractional = Voptimal— fractional

IIpuaem

Voptimal— fractional > Voptimal



SAIAYA O PIOK3AKE: YKAIHBIN AJITOPUTM

AnropurMm (He o4eHb XOpOIINii).

1. YoopsmounMm npeiMeThbt

110 yOBIBAHUIO OTHOCUTEILHOM IIEHHOCTH V; /W .

2. Knanmem B prok3ak npemmersl 1,2, ...k, TOKa OHE ITOMEIAITCS
IIpumep: W = 1000

v = 2 wy, = 1
v = 1000 w2 = 1000

Voptimal = 1000

Vgreedy = 2



SAIAYA O PIOK3AKE: YKAIHBIN AJITOPUTM

AnropurMm (xoporruif).

1. Ynoopsmodaum mpeaMeTh
110 yOBIBAHUIO OTHOCUTEJIBHOI IIEHHOCTH V; /W .

V1 (%) v
> 22 3
w1 w2 w3

2. Kirazmem B prok3ak npeameTst 1,2, ...k, TOKa OHU TTOMEIAIOTCS.
HO.Hy‘{I/I.HI/I HEKOTOpOE penieHne C nmeHHOCThIO
VUgreedy = V1 + « .. + Vg

3. Ecau ects mpeameT (Wimag, Umaz): Wmaz < W, Ugreedy < Umaz, TO
BMECTO pellleHHs, OJydeHHOro Ha mare 2 6epeM pelreHue,
COCTOSIIIEe U3 OJHOIO TOrO IpPeMeTa.



AHAJIN3 SOPPEKTUBHOCTH »KAJTHOT'O AJITOPUTMA

YTB. HQHHOCTB penieHus 1o «Xopouemy» 2Ka/JTHOMY aJITOPpUTMy HE

MEHbIIIE % OCHHOCTHU OIITHMAaJIbHOI'O pEIICHUA (%—aHHpOKCI/IMaHI/IH).

ITpumep: W = 1000

v, =502 wy; =501

vo = 500 wo = 500

V3 = 500 w3 = 500
Voptimal = 1000

Vgreedy—good = 502



AHAJIN3 SOPPEKTUBHOCTH »KAJTHOT'O AJITOPUTMA

YTB. HeHHOCTb penieHus 1o «Xopouemy» 2Ka/JTHOMY aJITOPpUTMy HE
MEHbIIIE % OCHHOCTHU OIITHMAaJIbHOI'O pEIICHUA (%—aHHpOKCI/IMaHI/IH).

dokazaTeabcTBO:

k
Vgreedy = E O
i=1

k

Vgreedy—good = MaxX § Viy Umax
i=1
k

Vgreedy—good > g U
i=1

Vgreedy—good 2 Umaz = Vk+1
k

2. Vgreedy—good Z § v; + Vk+41 2 Vgreedy— fractional Z Voptimal
i=1



[IOKPLITUE MHOYKECTBAMU

Jano: mHOXKecTBO B 1 ero noaMuoxkectsa S, ...Sy, C B.

Tpebyerca: HaiiTn MUHUMAJIBHBII HAOOP MHOXKECTB S, . . . S, ,
KOTOpBIE IOKPLIBAIOT Bee B.



[IOKPBITUE MHOYKECTBAMMU: »KATHBIN AJITOPUTM

Kpurepuii: Boibupaem S; ¢ MAKCUMAJILHBIM 9HCJIOM
HETIOKPBITHIX 3JIEMEHTOB.

Yrs. [lycrs |B| = n u onTuMaibHOE TOKPBITHE COCTOUT U3 k
asieMeHTOB. Torma »KaIHbBIi aJrOPUTM JIaCT PEIeHue U3 He
bosee, ueM k Inn MHOXKeCTB.



IIycTb ny — KOJIMYECTBO HEHMOKPBITHIX 3JIEMEHTOB IIocjIe Imara t B
sKagHOM ajiropurMe. OHE HOKPBIBAIOTCS k MOJMHOXKECTBAMHE
(oHTHMAJIBHBIM [OKPBITHEM ). SHAYHUT, CYIIECTBYET
[IOJIMHOKECTBO, HOKPBIBAIOIIEE HE MeHee 1/ k 9JIEeMEeHTOB,
CJIeZJ0BATEJILHO, Ha CIeAYIOMEeM IIare »KaJJHOr0 aJIrOPHTMa
OCTaHyTCsI HEMOKPBITBIMHI

ng 1
nH_lSnt—Z: 1—% T

I[Tockombky ng =nul—xz <e ™

1\
ng < <1— k> ng < e_t/kn

, TO

[Tpu t = kInn monygaem

ng <e Fnn/kp —1 = n,=0



SAIAYA k-IIEHTPA

Hano: nonuslit B3Bemenuslii rpad (G, V), k € N.

Tpebyercs: naiitu C C V', |C| = k, munuMusupyioriee

rglea‘}d(v, C)

(d(v, C) - paccrosiaue 10 GumKaiimeii Beprnabl u3 C).
W nes: Ilepsyio Bepmnay BhIiOepeM MPOU3BOJILHO. Ecau y Hac

y2Ke eCTb i BepIINH, CJeIYIONIyI0 BhibepeM Hauboee TaJeKyo
OT HHX.

VY1B.: Takoii anropurm das mempuueckozo epaga jraer
pemenue He XyzKke, 9em 2 ouTUMAJIbHBIX.



SAJTAYA OB YIIAKOBKE B KOHTEWHEPHI

Hano: koneunoe muokecTBO U 1 "pazmep"KaxKIoro sjemMenTa
s(u) € [0,1].

Tpebyercsi: HaliTH MUHIMAaJIbLHOE pa3dueHne Ha k

noxmuoxkectB U; CU :Vi=1...k > s(u) <1.
ueU;

Npes: (FF - First Fit) xknagem ciaeyromuii s1eMeHT B IepBoe
IIOJIMHOZKECTBO, Ky/la OH IIOMEIIAeTCH.

VrB.: Takoit aqropuT™ JaeT perieHne He XyxKe, 9eM 2
OIITUMAaJIBHBIX.

Ecrb yayumennstit »xajanpiii ajgropurm FFD (First Fit
Decreasing), KOTODBIil JlaeT Pe3yJIbTarT %OPT + 4.



JIVMHAMNYECKOE ITPOI'PAMMUPOBAHUE

Tepmun: Puuapn Beanmvan, 1950-e romet

The 1950s were not good years for mathematical research. We had a very
interesting gentleman in Washington named Wilson. He was Secretary of
Defense, and he actually had a pathological fear and hatred of the word,
research. I'm not using the term lightly; I'm using it precisely. His face
would suffuse, he would turn red, and he would get violent if people used
the term, research, in his presence. You can imagine how he felt, then,
about the term, mathematical. The RAND Corporation was employed by
the Air Force, and the Air Force had Wilson as its boss, essentially. Hence,
I felt T had to do something to shield Wilson and the Air Force from the
fact that I was really doing mathematics inside the RAND Corporation.
What title, what name, could I choose? In the first place I was interested in
planning, in decision making,... But planning, is not a good word for
various reasons. I decided therefore to use the word, “programming”. ..
[Dynamic| has a very interesting property as an adjective, and that is its
impossible to use the word, dynamic, in a pejorative sense. Try thinking of
some combination that will possibly give it a pejorative meaning. Its
impossible. Thus, I thought dynamic programming was a good name. It was
something not even a Congressman could object to. So I used it as an
umbrella for my activities.



MAKCUMAJIbLHOE HE3ABUCUMOE MHOYKECTBO
Maximal Weighted Independent Set (MAX-WIS)

MuoxkecTBO BepiiuH rpada HA3bIBAETCI HE3ABUCUMDBLM, €CITH B
HEM HET COCEIHUX BEPIIHH.

JlaHo: rpad, B KaxKI0i BePIIUHE 3aJaH HEOMPUUAMENbH DI BEC.
Tpebyercsi: HATH HE3ABUCUMOE MHOXKECTBO BEPIIUH C

MaKCUMAaJIbHON CyMMOI BECOB.

Bagaua cioxnast (NP-monnast). Ogaako ecsm rpad — 1epeso, To
CYIIIECTBYET aJIrOPUTM, paOOTAIONINN 32 JIMHEITHOEe BPeMsI.



MAX-WIS B IEPEBE

[Iyctb rpad G = nepeBo-1enoyka 0—0—0—0 C 1 BePIIUHAMH.
B Bepmunax 3amansl Beca w; > 0,1 =1,...n.

Kak pemuts 33781y 0 MAKCHMAJIHLHOM HE3aBUCUMOM
MHOXKeCTBe?!

[Tycts G’ — nepeBo ¢ yAaleHHON BepIIUHOIN 1,
G" — nepeBo ¢ yJaJeHHBLIMU BepIIuHaM®u 1 1 1 — 1.

e Eciu BepimuHa n He BXOJUT B ONTHMAaJIbHOE PEIICHUE, TO
ONITIMAJILHOE PEIIeHHe ABJIAeTCH ONTHMAJIBLHBIM pellleHneM
g G

e Eciu BepimuHa n BXOAUT B ONTUMAJILHOE PelIeHue, TO
OIITUMAJIBHOE peLHeHI/Ie HOJIyqaeTCSI 13 OIITUMAJIBHOI'O
pemenns nag G” nobapiieHreM BEpIIMHLL 7.



MAX-WIS B JIEPEBE: JTUHAMUKA

O0603HAIUM CYyMMY BECOB B ONITUMAJIBHOM PEIIEHIT

MAX-WIS(G). Torna

MAX-WIS(G) = maX(MAX-WIS(G’)a MAX-WIS(G") + w”)

e Hrak, 3ajada JIETKO pelraeTcs, eCJIu U3BECTHRI ABYX 3319
MEHBIIIEr0 pa3Mepa.
e Hesb3st UCIOIB30BATH PEKYPCHIO!

e Pemaem nociienoBarensro 3agaun st Gi, Go, ..., Gy.
o PopmMmysa JaeT MAKCUMAJJIbHBIN BEC, a KaK BOCCTAHOBUTH
MaKCUMAJILHOE MHOXKECTBO?
O MOZKHO XPaHUTDb JId Ka)K,HOI;'I peH.IeHHOfI 3aJ1a91 MHO2KECTBO
(mamats = O(n?))
O HO JIy4lle XPpaHUTb IIPU3HAKU — BKJIIOYaETCs JIX BEPHINHA k
B penieHune 3ajavu Gk, TOr’Ja MaKCUMaJIbHO€ MHO2KECTBO
BOCCTAHABJIMBAETCA 3a JIMHEMHOe BpeMdd.



HAMBOJILIIAST BO3PACT. ITOCJIEJOBATE/ILHOCTD

laHo: mocjie10BaTe IbHOCTb YUCET A1, A2, - - . Gy

HaiiTtu: camyio qIMHHY0 BO3PACTAIOILYIO TOIIOCIEI0BATEIHHOCTh
Qjpy Ajgy v oo Qg -
<ty <...<ip

a5y < Ajy, < ..o < GGy,



HAMBOJILIIAST BO3PACT. ITOCJIEJOBATE/ILHOCTD

Alj] = wmakcumasibHAs JJIMHA BO3pACTAOIIENT
IO/IIIOC/IEJOBATEILHOCTH, 3aKAHIHBAIOIEHC B J

Alj] = l4+max{Afi]: i<}, a; <aj}

Pemenne navanbHoit 3amaam: max(A[j])



NaEA JUHAMUYECKOI'O [TPOI'PAMMMPOBAHNS

1. ucxomHas 3a/1a4a BKJIOYAETCS B ceMeficTBO 3a1a4;

2. perieHne KayKJI0M 3a/1a9M BBIPAXKAeTCsl Uepe3 PelIeHus 3a1ad
«MEHBIIIEr0 pa3Mepay;

3. penraeM 3a/Ja9u II0CJIeI0BaTC/IbHO B IIPaBUJIBHOM ITODSAIKE.

1-MepHas TUHAMUKA,
e MaxkcumasbHOe HE3aBUCHMOE MHOXKECTBO B Jl€PEBE

o HaubGosbias BO3pacTalollasd I1ocjieJJ0BaTeJIbHOCTb

Hanee: 2-MepHast TUHAMHAKA,
e PaccrosHue pelaKk THPOBaHUS
e 3ajiada 0 pIOK3aKe
e 3ajaua KOMMUBOSZKEPA (IMHAMUKA 110 TIOJMHOKECTBAM )

e 3amorienue JIOMUHO (JAUHAMUKA 10 TPOGDUIIIO)



BLIPABHVBAHUE (PACCTOHHI/IE PE,HAKTI/IPOBAHI/IH)

(Sequence alignment, minimum edit distance)

ano:
e ciioBa X =X122... X Y = Y1Y2...-Yn
® CTOMMOCTDH 3aMEHBI (lgp JJIsT KasKI0H Taphbl OyKB a, b

® CTOMMOCTDL BCTaBKH 6yKBbI a4, CTOUMOCTD yJdaJIeHUA O

IIpumep: X = AGGGCT, Y = AGGCAC

AGGGCT-
AGG-CAC

CTOUMOCTb = (¥ + a7 + 0y

Tpebyercsi: HaiiTu paccTosiHuE PEJIaKTUPOBAHKUS — BBIDABHUBAHUE
ocJIeJIOBaTEeIbHOCTEN MUHUMAJIbHOI CTOUMOCTH.

(paccrosinue JleBeHmreiina: a— = a4 = azy = 1 n1pu = # y)



BLIPABHUBAHUE: ITUHAMUKA

X, := muepsbie ¢ OykB cjioBa X
Y; := nepsole j 6ykB cioba Y
Ali, j] := CcTOEMOCTH ONTHMAJBHOIO BbIpaBHUBaHUS X; U Y.

Ali, ] = min(ozwiyj—l—A[z'—l,j—l], a_+Afi—1, 4], a++A[i,j—1])



BLIPABHUBAHUE: [TPUMEP

—

Z |m 3|3




BLIPABHUBAHUE: ITUHAMUKA

procedure SequenceAlignment( X, Y, a )
A = 2-MepHHIT MaccuUB pasMepa)
for i = 0,1,2,...m
Ali,0] = ixa_
for i = 0,1,2,...n
AT0,i] = i*ag4

for i = 1,2,.
for j = 1,2,
Ali,j] = mln( A[1 1,5-11 + aa;y;»
Afi-1,3] + a—,
Ali,3-1] + o)
return A[m,n]
end

Caoxuocts: O(mn)
ITpu 3anosnenHoM MaccuBe A BOCCTAHABINBAEM ONTHMAJILHOE
BbIDABHUBAHUE, JIBUTAsiCh B 00paTHOM HampasyeHud, 3a O(m + n).



