2.2. Copruposka maccusos 89

procedure shellsort;
const ¢ = 4; :
var i,j,k,s: index; x:item; m: 1..1;
h: array [1..1] of integer;
- begin A[1] := 9; A[2] := 5; 31[3} = 3; h[4] := 1;
for m:=1to ¢t do
begin k := A[m]; s := —k; {Mecmo bapvepa
for i := k-1 to n do
begin x := d[i]; j := i—k;
if 5=0 then 5 := —k; 5 :== 5s41; a[s] 1= x;
while x .key < afj} .key do
begin afj-+k} := a[j]; j == j—k
end ;
alj+k} := x
end
end
end

Mporpamma 2.6. CopTrpoBKa l]le.rma.

NPOHCXOANIO KaK MOXKHO yaule. MoxHo Ct])DpM}’J]HpOBaTh cae-
AYIOMYIO TeOpemy:

Ecan k-paccopTHpoBaHHas NOC/NeROBATEJbHOCTL i-COPTHpYeETCH,
TO OHa OCTaerTcs R-paccopTHPOBAHHON.

Knyr [2.8] ykaspiBaer, yTO pasyMHbIM BHIOOPOM MOMKeT ObITh
Takan MOCJAe10BaTebHOCTh NpHpalleHnii (3anucanHas B obGpai-
HOM NopsAfiKe):

: 1, 4, 13, 40, 121, ...,

rjpe by =3hy+ 1, hy =1 u t = [logan]—1. On ﬁemmeunye*r
TaKxe NocaeA0BaTeNbHOCTD

1, 3, 7, 15, 31, ...,

rae hgy=2hi+1, hi=1 n ¢ = [logen] — 1. HanbHeiiwmui
aHaJlN3 NOKa3biBaeT, 4TO B NOCJEJHEeM cJjydae 3aTpaTbl, KOTOPhIE
TpeOylOTCs AJAS COPTHPOBKH 71 3JieMeNTOB € NOMOUIBIO aJrOpHTMA
coprupoBku lllesna, nponopuHoHadabHbl #. XOTd 3T0 — 3HAYH-
TeJLHOE YJYuYlleHME 1O CpaBHCHMI0 ¢ n?, Mbl He OyaeM B JAajb-
Heiiwem o0pauwlaThCs K 3TOMY METOAY, NOCKOJAbKY W3BECTHHI a/ro-
puTMbl, paboTalouine eule Jyuule,

1.2.2.5. CopTHpoBKa ¢ NOMOWLLIO AepeBa

MeTton COPTHPOBKH MPOCTHIM BLIGOPOM OCHOBAH HAa NOBTOPHOM
'pifope HaWMEHbIIEro Kiaioua CpelH # 3J€MEHTOB, 3aTeM Cpeau
— 1 saeMmeHToB W T. a. ITOHSTHO, YTO NOHCK HaHMEHBILEro
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KJAloYa H3 n 3JeMeHTOB TpelOyer n— 1 cpaBHeHHH, a MOHWCK ero
cpeau n-—1 anemenros Tpebyer n-—2 cpasHeHu#t. HMrak, Kak
MOMHO YJY4IWHTL 3TY COPTHPOBKY BHIGOpPOM? 3TO MOMKHO cAe-
JaTh TONLKO B TOM CJay4dae, eCJH NMOoAy4YaTh OT KAXAOTO [poXxoja
6oabie HHOOPMAIHH, YeM NPOCTO YKa3aHHe HA OLHH, HAHMEHb-
wui 31emedt. Hanpumep, c momowsio n/2 cpasHeHu# MOXKHO
ONpefe/qHTb HaHMEHbWHHA KAIOY W3 KaX[IOW naphl, NPH TOMOLLH
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55 12 42 18 06 67
Puc. 2.3. uxnugeckud auﬁop H3 ABYX KJKOueil.
clefyoulHX n/4 cpaBHEHHA MOXHO BbiOpaTb HAUMEHbIIHA M3
KaXKA0# napel TaKHX HAaHMeHbUWIMX KAtouel W T. A. Hakoweu, npu
noMollly Bcero n-—1 cpaBHEHHH MB MOXEM MOCTPOHTb Aepero

sbifopa, Kak MOKA3aHO Ha pHC. 2.3, U Oonpele/HTh KOpeHb Kak
HauMeHbWHA Kaou [2.2].

12/
/\ ﬂa/\lj
NN TN N

44 55 94 18 E] 687

Puc. 2.4. Buifop HanMeHbLIEro KJOua.

Ha sropom mare mbl cnyckaemcs no fNyTH, yKa3saHHOMY Haw-
MeHbLIKM KJIOUOM, H HCKAIOUAEeM ero, noc/ef0BaTeNbHO 3aMeHdAsd
Ju6o Ha «abipy» (HAH KJAOY oo), NHGO HaA 23/MEMEHT, HaXOomi-
Wuicas Ha TMPOTHBONOJOXHOA BeTBH [IPOMEXYTOYHOro y3Jja
{(cM. puc. 2.4 u 2.5). DiemeHT, OKa3aBlHiCA B KOpHe Jepesa,
BHOBb HMeeT HaHMeHbIIHH KJI0Y (cpeAH OCTAaBLUHXCH) H MOXKoT
ObITb HCKJtOUeH, [Tocsie n TaKHUX wWAaroB [1epeBo CTAHOBUTCS IycC-
THIM (T. €. COCTOHT H3 «ABIP»), H NMPOLECC COPTHPOBKH 3aKOHHCIL. |
OTMmeTuM, UTO Ka)KAblit H3 n waros tpebyer aumb logsn cpan-
#enui. [lostomy Bea copTHpoBka TpefyeT JHIIb MOpPAAKA
n-logsn 3neMeHTAPHBIX Omepanuil, He cuUTAf £ WAros, KOTOPHIE
HeoO0XOAHMBI AJ/i5i IOCTPOCHHS AepeBa, JTO — 3HAYHTEIbHOE yayu-!
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LieHHe N0 CPaBHEHHIO € NPOCTHIM METOAOM, Tpebylomum n? waros
H Jaxe Mo CPaBHEHHIO ¢ coprupoBko#l Llenna, koropas TpeGyer
n'2 maros.

KoHeyHO, npH COPTHPOBKe ¢ NMOMOILUbLIO JepeBa 3ajaya XpaHe-
HUS HHPOPMAUHH €TaJ1a CJI0XKHEee W I03TOMY YBeAHUHJACh CJOXK-
HOCTh OTAEJbHBIX 1IAroB; B KOHEYHOM CueTe A XPaHeHHs BO3-
pocwero obbemMa HHQOPMALHUH, NONYYaeMOH Ha HauajbHCM IpO-
X0/Jle, HYXHO CTPOHTb HEKYI0 ApPEBOBHAHYIO cTpykTypy. Hawa
ouepejJiHas 3anaya — HalTH cnocolbul 3 dekTHBHOH OpraHusailnp

5TOH HHPOPMAILHH.
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Puc. 2.5. 3anonnenue «apip».

PaayMeercs, 6b10 661 BecbMa KeJaTelbHo H36aBHTLCS OT He-
006XOAHMOCTH B Ablpax (—oo), KOTOphle B KOHLE 3aNOJHAIOT BCe
JAepeBO H NPHBOAAT K GOJIbIIOMY KOJIHYECTBY HEHYXXHBIX CpaBHe-
Huii. Kpome TOro, HyxHo Ha#TH cnoco6 NpeaAcTaBHTL AEPERO H3
n JEMEHTOB B £ €AHHHIAX NaMATH BMecTO 21— | edliHHL, Kak
NOKa3aHo Bbile. DTO AEHCTBHTENbHO MOMHO CAENaTh ¢ NOMOUIbIO
MeTOJa, KOTOPhiH ero uobperarean k. ¥Ynaesamc [2.14] nassaan
nupamudarshoti copTupoexol. SICHO, 4TO 3TOT METO] 1aer cCy-
L1eCTBEHHOe yJy4lleHHe 110 cpaBHeHHio ¢ O6ojice NPHBLIMHBIMH
cnoco6aMH COPTHPOBKH 1O JAEPEBY.

[Tupamuda onpenensiercs Kak INOCJHEA0BATEALHOCTL KJlOuei

hl, hl+1, LI hr
Tarad, 4To
hi gﬁ.hﬁh

hy < hy g

ana Beakoro (=1, ..., r/2. Ecan nBOHWYHOe JepeBo npeicran-
J€H0 B BHAe MAaccHBa, KaK MOKasaHo Ha pHc. 2.6, 1o, caenoBa-
TeJbHO, AEPEBbA COPTHPOBKM Ha pHc. 2.7 W 2.8 ARAAIOTCA NHPA-
' MHAAMH, H, B YACTHOCTH, 3JeMEHT h, NHPAMHIALI SABJSETCS ee
HQUMEHbUIUM DJIEMEHTOM

h] _ miﬂ (hl ‘o hi‘t}‘

Teneps npeanoaocKHM, 4TO JaHa [HPaMHAA C 3JeMCHTaMy
hit1, ..., B, AR HEKOTOPBHIX 3HAYEHHH [ H r H LYXHO EZC6aBHThL

(2.13)
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HOBBl 3JCMEHT X JJs TOro, 4Tobbul chOpMHPOBATH PACIIHPEHHYIO
napamuay hy, ..., h.. BosbmeM, HanpuMep, HCXOAHYIO NUPaAMHAY
hi, ..., hy, NOKa3aHHYO Ha pHC. 2.7, H pacIUUpHM 3TY NHPaAMHAY
«BJepoy, noOaBup anemedT A; = 44. HoBblft snemedT x cHadaJja
NOMEIaeTcss B BEpPLIHHY AepeBa, a 34TeM <«IpoceHBaeTcA» 10
NyTH, 114 KOTOPOM HaXOASATCA MeHbliHe [0 CPABHEHHIO C HHUM
IeMEeHTH, KOTOpPbIe DJ.IHOB])EMEHHD NOJAHHMAIOTCH BBEpX; TAKHM

/\
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Puc. 2.6, Maccus h, pacnonoxenHbiit B Buie GHHapHOro Aepesa,
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Puc. 2.7. Tlupamnaa w3 cemu 371eMeHTOB.

©
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Puc. 2.8. [Tpoceupanne kmwoua 44 uyepes nupamuay,

obpazom Qopmupyerca HoBas nupamuga. B gannom npumepe
3HayeHHu: 44 cHauvana MeHnsercs mecrtamu c 06, satem ¢ 12, H rax
¢opmHpveTcs AepeBo, NoKazanHoe Ha pHe. 2.8. Jlamee Mb npo-
ecc npnceuBanus Oylem QepMyaHpPoOBaTb cjaedyioulHM 06pa3oM:
{, j— nipa HHAEKCOB, 0B03HA4AIOWHX 3JEMEHTHl, KOTOpHIe
HYIKHO MEHATb MeCTaMH Ha KaKAOM uiare npoceupanua. Mol
NpeaoCTaBAsieM UHTATENI0 BO3MOXKHOCTL CAMOMY YOQAHMTLCH, 4TO
npeAJoXeHHbll cnocob npoceuBaHHMs AeHCTBHTENbHO MO3BOJsET
cOXpaHuTh ycnoBus (2.13), onpenensioiue nupamMmuay.

M3amubld cnocod mocTpoeHHs mupaMuibl in sifu Gbla Npens
aoxeH P. Y. ®uofinom. B HeM Hcnmonb3yerc caeflyioiias mpos
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ueaypa npocexBanus (mporpamma 2.7). Hans maccus hy, ..., h,,
SICHO, 4TO 3/JeMeHTHbl Hnsa41 ... An ye 06pasyoT nupamuay, no-
CKOJIBKY He CYLUecTBYeT [ABYX HHIEKCOB I, j, TaKHX, 4To j==2j
(umu j=2{41). DT 3NE€MEeHTH COCTABJSIOT MOC/IENOBATEb-
HOCTb, KOTOPYIO MOMXHO paccMaTpHBATh KaK HHXKXHHHA pAA COOT-
BeTCTBYIOLLEI0 ABOHYHOro jepeBa (cM. puc. 2.6), rae He Tpe-

procedure sift(l,r: index):
label 13;
var i,j: index; Xx: item;
begin i := I; j := 2%i; x := d[i];
while j << r do
begin if j << r then
if afj] key > a[j+1] .key then j := j+1;
if x .key < a[j] .key then goto 13;
ali] 1= aljl; i 1= j; j 1= 2+ (sift}
end;
13: afi] 1= x '
end

[Iporpamma 2.7. lIpocenpanue.

GyeTcs HUKAKOro ynopsaouenus. Tenepb NHUpamMuAa paclIHpsieTCs
BJIEBO: HA KaxXJIOM wiare 100aBaseTCAd HOBBIH 3JIEMEHT H IIpH
NOMOILH MPOCEHBAKHA MOMELLAETCS Ha COOTBETCTBYlOLIeEe MeCTO.

Ta6auua 2.6. [locTpoenne nupamuim

44 55 12 a2 J 94 18 06 67
4 55 2 [ a2 e 18 06 67
a4 55 [ o6 42 o4 18 12 67
aa | 42 o6 55 904 18 12 67
6 42 12 8 0 18 44 67

DTOT mpoiecc HAMOCTpHpyeTcs Taba. 2.6 W NPHBOAMT K NHpa-
MHOe, MOKa3aHHOH Ha puc. 2.6. CaegoBaTeibHO, NpOUeECC IoO-
CTPOEHHs MNHPaMHAB H3 1 3IEMEHTOB in Sifu MOKHO ONHCATh
cjaeayouumM o6pasom:

l:i=(ndiv2 + I;

while / > 1 do
begin [ := [—1; sift(l,n)
end :
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Haa toro utoOpl paccOpTHpPOBATbL 3JEMEHThl, HaJ0 BHIIOJHHTh
# AaroB NpoceHBaNyA: NOCAe KAXAO0T0 ulara OYepeAHOH JEeMEeHT
6epercs ¢ BepUIHHB NHpaMHAH. BroBb Bcraer Bompoc, Kyaa
MOMCILATb 3JAE€MEHTH € BepIIHHH H BO3MOXKHAE JH COPTHPOBKA
in situ. la, rakoe peiiedue cymectByer! Ha Kaxaom iare 3
nupaMuibl BuiOHpaeTcs Mnoc/eAHAs KOMIOHeHTa (CKaxeM, xj,
BEPXHHI1 3/€eMEHT OHpPaMM]bl NoMelldeTcs Ha ocBobojuBlleecs
MEETO X, @ X NpocenHBaeTcss Ha cBoe Mecto, B atom cayuae Heob-
X0JHMO COBEPWIHTL A — | INaros, uTO TNOKAa3aHo Ha TIpUMepe

Tabauuna 2.7, Ilpumep nupamupansHoOil COPTHPOBKH

06 a2 12 56 94 18 44 67
1

2 2 1 56 94 & 44 06

18 2 a8 55 94 67 12 06

42 55 24 67 94 18 12 06

) [ ¥ : 4

a4 55 94 _Lr 42 18 12 06

\ ; |

5*5 ﬁf 94 44 42 18 12 06

67 94 55 44 42 18 12 06

94 67 55 44 42 18 12 06

nupamuib, nupuBeaeHHofi B Taba. 2.7. ITOT TpONECC OMHCH-
BACTCH € TIOMOWbIO npouenypw sift (nporpamma 2.7) caemyio-
npM obpasom;
ri= n;
while r > 1 deo
begin x = d[l]; a(l] := a[r}; a[r] 1= x;
roi=r—1; sifi(l,r)
end

M3 Taba. 2.7 BUAHO, YTO HA CAMOM JeJie B pe3yibTaTe Mbl NOJY-
yaeMm nocjeaoBaTedbHoCTh B obpatRoM nopaake. Ho sto naerxo
MOMIIO HCNPaBUTb, H3MEHHB HaANpaBJeHHE OTHOWEHHA NOpsAAKa
p npouenaype siff. B pesyabratTe MH NOJyuYaem Npouenypy
Heapsort, nokasannyio B nporpamme 2.8.

Anaaua nupamudanrsnoi copruposku. C nepsBoro B3rjasjla
HEOYEeBH/HO, UYTO 3TOT METO/L COPTHPOBKH JaeT XOpPOlWHe pe3yJb-
tTathi, BeAb sneMenTH ¢ GONBLIUHMH KJAlOYaMH BHAuaje mpoced-
BAOTCH BJEBO, NpPEXUE ueM, HaKoHell, OKaxyrtcs cmnpasa. Jled-
CTBUTEJILHO, 5Ta MNPOLEAYPA HE PEKOMEHAYETCst ANl TAKOro He-
6O/ILILOTO UHCAA 2AEMEHTOB, KaK, cKaykeMm, B HalleM NpHMepe.
Oanako Aaaa GONBIIHX 1 DHpaMHAajbHas COPTHPOBKA OKa3bl-
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procedure heapsort;
var Lr: index; x: item;

procedure sift;
label 13;
var 7,j: index;
begin i ;= I; j := 2¢i; x := ali];
while j <C r do
‘begin if j < r then
if a[j] .key << a[j-+1] .key then
if x .key > a[j] .key them goto 13:
ali] :== a[jl; i = j; j 1= 2%i
end ;
13: a[i] :=x
end ;
begin / ;= (ndiv2) + 1; r i=n;
while / > 1 do
begin [ 1= [—1; sift
end ;
while r > 1 do
begin x := a[l]; a{l] := a[r]; a[r] := x
ri= r~—1; sift
end
end {heapsort}

Jj+1;

-
I

MNporpamma 2.8. [TupaMugansuan copruposxa.

BaeTcs oueHb 3pdexTHBHON, U uem Goiabiie n, Tem oHa 3pdex-
THBHee — Jaxe [0 CPaBHEeHHIO ¢ copTHpoBkoil [Ilenia,

B xyawem ciaydae HeoOXoaumsel /2 HIaroB, KOTOPHIE NMPOCeH-
BaloT 3JjeMmeHTH uyepe3 log(n/2), log(n/2—1), ..., log(n-—1)
MO3MLKA (34eck Geperca Meqas YacTh JOorapHpma Mo OCHOBA-
Huo 2), CiaenosaTtenbHo, Ha dase COPTHPOBKH MPOUCKOAUT 1 — |
npocenBanuit ¢ camoe 6osbinee log(n-—1), log{n-—2), ..., 1
nepecelikamu, Kpome rtoro, tpelyiores n— | nepecwiiok s
TOro, ytoObl OTNOKHTH IPOCESHHBI 3jJeMeHT Bnpaso. Ortcloxa
BHIHO, UTO NHpPaMHAadbHAA coprHposka tpebyer n-log(n) wa-
ros laxe 8 xydwem caynae. Takhe OTIAHYHBIE XaPAKTEPUCTHKM
ANA xyAUIero cay4as — OJHO H3 CaMblX BBIFO/IHBIX KauyecTB IHpa-
MHAQJIbHOW COPTHPOBKH.

He coBcem sicHO, B KAKHX CAy4Yasasx MOXKHO OXHAATH HaNMel b~
me (uau HauGonbiue#t) sddexrusHoctdH. Ho B npuHumpne miu
NHpaMHIaJbHON COPTHPOBKH, BHAHMMO, 0oJbLie BCEro MOAXOAT
clyuau, KOrga 3jJemMeHThl Gojlee HJAH MeHee PAacCOPTHPOBAHbLI
B 00paTHOM nOpAAKe, T. €. AdfA Hee XapaKTepHO HEECTeCTBEHHOe
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nceesenne, OueBWAHO, uTO TpH oOpaTHoM mnopsike ¢asa no-
CTPOEHHA nHpaMiAbl He Tpebyer HHKaKux mnepecnlaok. Has
BOCbMM 3J€MEHTOB M3 HAllero npuMepa MHHHMaJIbHOE W MAaKCH-
Ma/JlbHOE KOJAHYECTBA MNepechljiok ARal0T CJAeAYIONIHe HCXOLHbIe
110C1e 10BaTENBLHOCTH!

Mupin=13 njasa nocaenoBaTeJbHOCTH
94 67 44 55 12 42 18 6

My = 24 15 nOCAENOBATEIBHOCTH
18 42 12 44 6 55 67 94

Cpeanee YHCIO NEPECLIIOK PAaBHO NPHOMH3HTENbLHO -{;—n-]ogn
W OTKJOHEHHS OT 3TOr0 3HaYeHHs# CPABHHTEJbHO Mallbl

2.2.6. CopTHpOBKa ¢ pa3fieneHmem

IMocne Toro kak Mol OGCYAHAM ABa YCOBepPIIEHCTBOBAHHBIX
METOJa COPTHPOBKH, OCHOBAaHHLIX Ha MNPHHUUNAX BKJIIOYEHHSA
¥ BbIOOpAa, MLl BBeJleM TPeTHH, YVAYUYLIEHHLIH MeTOL, OCHOBAHHLI
Ha npuHitine obMmena. Y4uTelBad, 4yTO COPTHPOBKA METOIOM My-
3blpbka B cpeaHeM Obina HanmeHee s¢dexkTHBHOH H3 Tpex ajaro-
PUTMOB NPOCTOH COPTHPOBKH, MH JIOJDKHBI TpeO6OBaTh 3HAUMTENb-
woro yayumenust. OAHako HEOXRHAAHHO OKAasblBaeTcsd, 4T0 yCo-
BepUIEHCTBOBAHHE COPTHPOBKH, OCHOBAHHOH Ha o6MeHe, KOTOpOe
Mbl 3nech Oyjaem o6c¢yvxaaTth, JaeT BooOille JyullIMil U3 H3BCCT-
HbIX [0 Cero BpPeMeHH MCTOR COPTHPOBKH MaccuBoB. OH o00aa-
JaeT CTodb OJeCTALMMH XapaKTepHCTHKaAMH, 4yTo ero usobpera-
teqb K. Xoop okpectnn ero 6sictpoi copruposkoti 2.5, 2.6].

brictpas coprupoBka ocHoBaHa Ha ToM Qakre, 4TO A
JOCTHXKEHHA Hauboabuleln 3(QPeKTHBHOCTH XKeaaTeJbHO NpPOH3-
BOJAHTL OOMEHR 3JICMEHTOB Ha GoJablIHX paccrosuuax. Ilpeano-
JNOMKHM, YTO HAM JaHbl n 3JICMEHTOB C KJKYaMH, pachoJoMeH-
HLIMH B oOpaTHOM mopsiake. MX MOXHO paccopTHPOBaTh, BHINOJI-
HHB Bcero n/2 oOMeHoB, €C/H CHayaJa NOMEHATL MECTaMH caMblil
NeBblii U caMblil NpaBblH 3JEMEHTH M TaK NOCTEeNEeHHO NpPoABil-
raTbCs ¢ ABYX KOHLOB K cepeAHHe. Paaymeercsi, 3T0 BO3MOMKHO,
TOJbKO €CJW MLl 3HaeM, YTO 3JEMEHThl pPaclnoJiOXeHbl CTPOoro
B o6patHoM nopajiike. Ho Bce e 3TOT npHMEp HAaBOAHT Ha HEKO-
TOpPble MBICIH,

[lonpoGyem paccMOTpeTh CJAeRYIOUHH aJaropuTMm: Bhibepem
cayyaiubiM obpasoMm KakoH-To 3jeMeHT (HAa3oBeM e€ro x), npo-
CMOTPHM MAacCHB, ABMrasch cJeBa HamnpaBo, 1OKa He Haiaem
9JICMEHT @; == X, @ 3aTeM NPOCMOTPHM ero clpaBa HaJeBo, NOKa
He Ha#iJleM 3JeMeHT aq; << x. Teneps noOMeHsEM MECTaMH 3TH JABa
3/leMeHTa H NPOAOCJIKHM NpoLece «NpocMoTpa ¢ 0OMEHOM», OKa
JABd NpPOCMOTpPa He BCTPETATCH FAe-TO B Ccepellie MacCHBA.
B peayabrare maccip pasaeauTCs Ha ABe YaCTH: JEBYIO — C KJlO-



