1BaHOB A.B.

AJITOPUTMBI
1 CTPYKTYPhI JAHHBIX

ZKAJTHBIE AJITCOPUTMBI (GREEDY)



BBIBOP HEINEPECEKAIOIINXCS NHTEPBAJIOB

Wnen, Kak oprain3oBaTh Ka HbI aJIrOPUTM: BbIOHpaEM
WHTEPBAJI

1. ¢ MEUHUMAJILHON HAYAJILHON TOYKOI S;
2. MUHUMAJIbHON JIWHBL f; — §;

3. ¢ MUHHUMAJILHBIM KOJIMYECTBOM HepecequI/Iﬁ



BBIBOP HEINEPECEKAIOIINXCS NHTEPBAJIOB

Wnen, Kak opraHu30BaTh KAIHBII aJIrOPUTM: BEIOUpaeM
WHTEPBAJI

1. ¢ MEUHUMAJILHON HAYAJILHON TOYKOI S;
2. MUHUMAJIbHON JIWHBL f; — §;

3. ¢ MUHHUMAJILHBIM KOJIMYECTBOM nepecequI/Iﬁ




BBIBOP HEINEPECEKAIOIINXCS NHTEPBAJIOB

Bribupaem uHTEpBaJI ¢ CAMBIM pAHHUM BPEMEHEM OKOHYAHUS f;.
BoikugpiBaeM Bce MHTEPBAJIbI, IEPECEKAIOITUECS C HUM.
[ToBTOpsiem.

YTB. 910 onTuMaJILHAs cTpaTerus.

HOK-BO. Ilycts Iy — uHTEpPBAJ ¢ CAMBIM PAHHUM BPEMEHEM
oKoH4YaHUs. BosbMeM onTuMalibHBI HaOOp nHTEpBaIoB. Ecim Iy
B HErO He BXOIWUT — 3aMEHUM CaMbIii JIEBbIII MHTEPBaJ B HabOpe
Ha Ij.



BUHAPHOE KOJ/IUPOBAHUE

Nwmeercs: andasur X

Jltst KaxK 01 OYKBBI (v € Y OIpeIe/isieM KOJT —
[OCJIEIOBATE/ILHOCTL OUT (KOZBI MOI'YT OBITH PA3HON JJIMHBI)

c: 2 {0,1}"

EuHcTBeHHBINA /11 CIIOCOD pacKOAUpPOBaTh CJIOBO?!



BESIPEQPUKCHBIE KO/b! (PREFIX-FREE)

Kon naspiBaercst 6e3mpedrKCHBIM, €CJIM HE CYIIECTBYET JIBYX
OyKB TaKUX, YTO KOJ OTHOM SABJISI€TCS HAYAJIOM KOIA JPYTOil.

Ba, B €T ¢(a)apaserca nagazom c(3)

BestipedukcHblit KO/ pACKOIAUPYETCS OJIHO3ZHATHO.

Ecnu xomer O6yks andasura n3odpa3uTh B BUIe OMHAPHOTO
JepeBa — OyKBBI OYIyT CTOSITh TOJBKO B JIUCTBSIX JepeBa.



ONTUMAJIbBHBIN BECITPEOUKCHBIN KOJI

Jano: jyist KayKi0ro cuMBojia o € Y u3BecTHa dacrora p(a)
HOSIBJIEHUSI €T0 B TEKCTE.

Tpebyercsi: Haiitu GecrpedUKCHBIM KO, JAjIs KOTOPOTO CyMMa

> p(a)le(a)|

aEX

vuHIMaIbHA (|c(a)| — AarHa KOIOBOrO CJI0Ba JIIst CUMBOJIA (V).



AJITOPUTM XADOMAHA
p(A)=0.53, p(B)=0.02, p(C)=0.15, p(D)=0.3

S



AJITOPUTM XADOMAHA

procedure Huffman( chars, p ):
// chars - maccus cumBonoB (andaBuT)
// p - MaccumB 4acTOT CHMBOJOB
// (xoI-BO CHMBONOB = KOJI-BO YacTOT =
Q = priority queue
// co3mamumM n IHCTLEB
for i = 0 to n-1:
node = BepummuHa(
ch = chars[i],
freq = plil)
Q.add (node)

// cospamum eme n-1 BHYTPEHHWX BepUHMH
for k = n to 2n-2:
nodel = Q.deleteMin()
node2 = Q.deleteMin()
node = BepmuHa (
freq = nodel.freq + node.freq,
left = nodel,
right = node2)
Q.add (node)
end
end

class Node {
char ch;
int freq;
Node left;
Node right;




SAIAYA O PIOK3AKE

lano:

e Prok3ak MakcumMasbHON BMecTuMocTH W (110 Becy)

® 7 IPEJIMETOB, JJId KOTOPBIX 3a/laH BEC wW; U HEHHOCTDL U;

Tpebyercs: Bribpars npeamers: obmiero Beca < W n
MaKCUMAaJIbHON CyMMapHOI IEHHOCTH.



SAJTAYA O PIOK3AKE: YKA/IHBIN AJITOPUTM

IIpemmonoxkum, 9T0 MOXKHO OpaTh APOOHBIE YACTH ITPEIMETOB.
(HaHpI/IMep7 €CTh IIEeCOK 30JI0TOM, CepEeOPSHHBIA U MEIHBIA U MOYXKHO
HACBIIATH JII000€ KOJMIECTBO U3 UMEIOIIEroCs B HAJIMIUN )

OueBnIHO: HAJI0 HACHIIATH B PIOK3aK caMblil IeHHbIH (30510T0i). Ecm
B PIOK3aKe OCTaJ0Ch MECTO — CJICJYTIOIIHIA 110 MEHHOCTH
(cepeGpstHHBIN) 1 T.J1.

2KaHplit aJiropuT™ JaeT pelleHne ¢ IEHHOCTHIO

Vgreedy— fractional = Voptimal— fractional

IIpuuem

Voptimal— fractional > Voptimal



SAJTAYA O PIOK3AKE: YKA/IHBIN AJITOPUTM

AnropurMm (He oyeHBb XxOpouIwHii).

1. Ymopsimoanm mipeMeTs
0 yOBIBAHUIO OTHOCUTEJIBHOI IIEHHOCTH V; /W .

v U U
a2 53 s

w1 - Wa ws

2. Knazmem B prok3ak npegmersl 1,2, ...k, IOKa OHU [TOMEIAITCS.

ITpumep: W = 1000

v = 2 w1, = 1
vy = 1000 wy = 1000

Voptimal = 1000

Vgreedy = 2



SAJTAYA O PIOK3AKE: YKA/IHBIN AJITOPUTM

Anropurm (xopoumii).

1. Voopsgmounm mpeiMeTht
10 yOBIBAHUIO OTHOCUTEIHHOI IIEHHOCTH V; /W .

R L N

wy w2 w3

2. Kiagmem B prok3ak npeameTst 1,2, ...k, TOKa OHI TTOMEIAIOTCS.
Tlosryuniim HEKOTOpPOE pellleHre ¢ [EHHOCTHIO
VUgreedy = V1 + - .- + Vg

3. Ecim ectn npeamer (wmazv Umaz): Wmazx S W, Vgreedy < Umaz, TO
BMECTO PeIeHus, OJIyIeHHOrO Ha Iare 2 6epeM perreHne,
COCTOsIITlee U3 OHOI'O ITOTO IpeaMeTa.



AHAJIN3 SOPPEKTUBHOCTH KAJHOTI'O AJITOPUTMA

YTB. HGHHOCTB penieHusd 1o «Xopouemy» 2Ka/JTHOMY aJITOPpUTMY He

MeHbIIIe % NEeHHOCTU OIITUMAaJIbHOT'O pEIIeHUA (%—aHHpOKCI/II\laHHH).

IIpumep: W = 1000

v; =502 w; =501

vy =500 w9 = 500

vy = 500 w3z = 500
Voptimal = 1000

Vgreedy—good = 502



AHAJIN3 SOPPEKTUBHOCTH KAJHOTI'O AJITOPUTMA

YTB. HGHHOCTB penieHusd 1o «Xopouemy» 2Ka/JTHOMY aJITOPpUTMY He
MeHbIIIe % NEeHHOCTU OIITUMAaJIbHOT'O pEIIeHUA (%—aHHpOKCI/H\laHHH).

lokazaTenbcTBO:

k
Vgreedy = E U
i=1

k

Vgreedy—good = Max § Uiy Umax
i=1
k

Vgreedy—good > E Vs
i=1

Vgreedy—good > Umazx > Vk+1
k

2. Vgreedy—good > g Vi + Upy1 2 Vgreedy— fractional > Voptimal
1=1



[TOKPBITUE MHOKECTBAMU

Hamo: mHO)KecTBO B U €ro moJaMHoXKecTBa S1, .. .S, C B.

Tpebyerca: naiiTn MUHIMAJIBLHEI HaOOp MHOXKECTB S; , ... Sy,
KOTOpBIE IOKPLIBAIOT Bee B.



[TOKPBITUE MHOYXECTBAMU: YKAJTHBI AJITOPUTM

Kpurepuii: Boibupaem S; ¢ MAKCUMAJIBHBIM 9HCJIOM
HEIIOKPBITHIX 3JIEMEHTOB.

V8. Ilycrs |B| = n u ontuMasbHOE TOKPBITHE COCTOUT u3 k
s7eMeHTOB. Torna *KaJJHBI aJIFOPUTM JIACT PelleHre U3 He
boJsiee, ueM k Inn MHOXKECTB.



IIycTs My — KOTMYIECTBO HEMOKPBITHIX JIEMEHTOB TOCJIE Iara t B
KaiHOM ajiroputMe. OHU TOKPBIBAIOTCS K MTOIMHOXKECTBAMME
(onrTUMAJIBHBIM TOKPBITHEM ). 3HAYUT, CYIIECTBYET
HOJIMHOKECTBO, TIOKPBIBAOIIee He MeHee Ny /k 3J1eMEeHTOB,
CJIeIOBATEJIbHO, Ha CJIE/IYIONIEM IIare »Ka/JHOI'0 aJlOPUTMa
OCTaHYTCS HEMOKPBITHIMU

n 1
nt+1§nt_kt:<1_k>nt

xT

[Mockobky ng =nul—x < e % 10

1\ !
ng < <1— k> ng < etk

[Ipu t = kInn nonygyaem

—klnn/k

ng < e n=1 = n =0



SAJJAYA k-IIEHTPA

Hano: nonusrii B3semenusiii rpad (G, V), k € N.

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

max d(v, C)

veV
(d(v, C) - paccrosiaue j10 GumKaiimeit Beprmabt u3 C).
Npesi: Tlepsyio BepuiiHy BbiGepeM npou3BosibHO. Ecim y Hac

y2K€ eCTb | BEPIIWH, CJIEIYIONIYIO BbIOepeM HanboJiee TaIeKyio
OT HUX.

Y1B.: Takoii aaropurm das mempuueckozo epaga jaer
pelIeHre He XyzKe, 9eM 2 ONTUMAJIbHBIX.



SAIAYA OB YITAKOBKE B KOHTENHEPHI

Hano: xorneunoe maOX)KecTBO U 1 "pazmep"KaxKIoro sjgeMenTa
s(u) € [0,1].

Tpebyercsi: HaiiTu MuUHUMAaJIBbHOE pas3OueHue Ha k

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

WNpes: (FF - First Fit) knagem cieayromuii s/ieMeHT B IepBOe
ITOAMHOKECTBO, KY/1a OH ITOMEIIAeTCs.

VYrB.: Takoil ajropuT™M JaeT perieHne He XyzxKe, 4eM 2
ONTUMAJTBbHBIX.

Ecrb yuyumensstii xazueiii anropur™m FED (First Fit
Decreasing), KOTOPBIit J1a€T PE3yJIbTAT %OPT + 4.



JIMHAMUYECKOE ITPOT'PAMMUPOBAHUE

Tepmun: Puuapa Besuivan, 1950-e rojibr

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 I 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)

MHo:keCcTBO BepINH rpada HASBIBAETCST HE3A8UCUMDBLM, €CTIU B
HEM HET COCEIHUX BEepIINH.

Hano: rpad, B Kaxk10il BepInuHe 3aaH HEOMPUUGMEALHDIT BEC.
Tpebyercs: HATH HE3aBUCUMOE MHOXKECTBO BEPIIUH C

MaKCUMaJIbHON CyMMOII BECOB.

Bagaua cioxuasi (NP-nonnast). Ogaako ecsin rpad — j1epeso, 1o
CYIIIECTBYET aJrOPUTM, pabOTAIONINI 3a JIMHEITHOEe BpeMsl.



MAX-WIS B JIEPEBE

[Tycts rpad G = mepeBo-1enouka 0—0—0—0 C 1 BEePIIUHAMHU.
B Bepmunax 3amanel Beca w; > 0,1 =1, ...n.

Kax pemuth 3a/1a4y 0 MaKCUMAJbHOM HE3aBUCUMOM
MHOXKeCTBe?!

ITycts G’ — nepeBo ¢ yaajleHHol BepIIrHOiL 1,
G" — nepeBo ¢ ynaJleHHBIMU BepIIUHAMU 1 U N — 1.

e Ecin BepmmHa n He BXOAUT B ONTUMAJBHOE PEIIEHNE, TO
OIITUMAJILHOE pellleHue sBJISeTCa OITUMAILHBIM pelleHrneM
g G

e Eciu BepmmHa n BXOAUT B ONTHUMAJIBHOE PEIEHNE, TO
OITUMAJILHOE pellleHue I0/IyYaeTcs U3 ONTHMAJILHOIO
pemenus g G” nobapjieHreM BepIIMHLL 7.



MAX-WIS B JIEPEBE: JJUHAMUKA

O603HaYNM CYMMY BECOB B ONITHMAJIBLHOM DETIEHUN

MAX-WIS(G). Toraa

MAX-WIS(G) = max (MAX_WIS(G’), MAX-WIS(G") + wn)

e lTak, 3aja49a JIETKO PeIIaeTcsi, €CJAu U3BECTHBI JIBYX 3a1ad
MEHbBIIIEr0o pa3Mepa.
e Heb3st UCHONB30BATL PEKYPCHIO!
e Pemaem nociienosarensuo 3agaun st G, Go, ..., Gy.
e Qopmyna TaeT MAaKCUMAJIbHBIN BeC, 8 KAK BOCCTAHOBUTH
MaKCUMAaJILHOE MHOXKECTBO?
O MOZKHO XPaHUTb JJIg Ka}KﬂOﬁ pemeHHoﬁ 3aJJa91 MHO>KECTBO
(mamsTs = O(n?))
0 HO JIydIlle XPaHUTDh MPU3HAKNA — BKJIIOYAETCS JIM BEPIIUHA K
B pemenne 3aja9u G, TOMIa MaKCUMaJIbHOE MHOXKECTBO
BOCCTaHAaBJINBaEeTCd 3a JIMHEIHOoe BpeMd.



HAMBOJILIIAS BO3PACT. ITOCJIEJOBATEJILHOCTD

aHo: 1mocse10BaTe/IbHOCTD YHCENT A1, G2, - - - Ay,

HaiiTu: CaMyloO JIJIMHHYIO BO3PACTAIOYIO IIOAIIOCJACJ0BATE/IbHOCTD
iy Qjgy v v v Qi
<ty <...<ig

Ay < Ajy, < .o < Ay,



HAMBOJILIIAS BO3PACT. ITOCJIEJOBATEJILHOCTD

Alj] = MakcuMasbHasI JUIMHA BO3pACTAIOMIEHl
IIO/[IIOCJICJOBATEILHOCTH, 3aKAHIHBAIOIEHC B J

Alj] = 14+ max{A[{]: i<}, a; <aj}

Pemmenne navanbHoil 3amaam: max(A[j])



NAESA JUHAMUYECKOI'O ITPOI'PAMMUPOBAHUS

1. ucxomHasi 3a/1a4a BKJIOYAETCS B ceMeficTBO 3a/1a4;

2. perienne KayKJI0i 3a/la9y BBIPAXKAETCs Uepe3 PeleHus 3a1ad
«MEHBIIIEr0 pa3Mepay;

3. penraeM 3a/Jav9u II0CJIeI0BaTe/IbHO B IIPaBUJIBHOM ITOPSAIKE.

1-MepHas TuHAMUKA
o MaxkcnMaabHOEe HE3aBUCHMOE MHOXKECTBO B JlepeBe

e HawmbGosbmas Bo3pacTamoias moc/ie10BaTe bHOCTD

HaJtee: 2-MepHast JUHAMUKA
e Paccrosgnue pegakTupoBaHus
e 3ajada 0 PIOK3aKe

e 3ajaua KOMMUBOSZKEPaA, (JIMHAMUKA, 110 TIOMHOKECTBAM )



BBIPABHUBAHUE (PACCTOSIHUE PEJAKTUPOBAHUS)

(Sequence alignment, minimum edit distance)

lano:
e ciioBa X =21%2... Xy U Y = Y1Y2...-Yn
® CTOMMOCTDH 3aMEHDI (lgp JJIsT KaXK/I0H Taphl OYKB a, b

® CTOMMOCTH BCTaBKHU 6yKBbI a4, CTOUMOCTD yJdaJIeHUA &

IIpumep: X = AGGGCT, Y = AGGCAC

AGGGCT-
AGG-CAC

CTOUMOCTb = (¥ + a7 + 0y

TpebyeTcsi: HaiiTu paccTosiHUE PEJIaKTUPOBAHUS — BBIDABHUBAHUE
ocJeJIoBaTeIbHOCTE! MUHUMAJIbHOI CTOMMOCTH.

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



BBIPABHUBAHUE: JUHAMWKA

X, := mepsble i OyKB caoBa X
Y; := nepsrle j 6ykB coba Y
Ali, j] := CcTOEMOCTH ONTHMAJIBHOTO BbIpaBHUBaHUS X; U Y.

Ali, ] = min(axiyj—l—A[i—l,j—l], a_+Ali—1, 4], a+—|—A[i,j—1])



BLIPABHUBAHUE: [TPUMEP

—

z = |3 |3




BBIPABHUBAHUE: JUHAMWKA

procedure SequenceAlignment( X, Y, a )
A = 2-MepHBIT MaccuB pasMepa)
for i = 0,1,2,...m
A[i,0] = i*xa—
for i = 0,1,2,...n
A[0,i] = i*ag

for i = 1,2,.

for j = 1,2,

Ali,i] = mln( A[1 1,5-11 + aa;y;»
Afi-1,3] + a—,
Ali,j-1]1 + ay)

3l

return Al[m,n]
end

Caoxuocts: O(mn)
ITpu 3anoaneHHOM MaccuBe A BOCCTAHABIMBAEM ONTHMAJILHOE
BBIPABHUBAHNE, ABUrasiCh B 00paTHOM HampasieHuu, 3a O(m + n).



