ANropuTMbl COPTUPOBKM

COpTMpOBKa Ny3bipbKOM
bubble sort(a, n):
for i = 1..n:
for 3 =1..n -1 - 1:
if al[j] > alj + 11:
swap (aljl, alj + 1])

YcoBepLueHCTBOBaHHAA BEPCUs (PaHHUI BbIXO4 NPU OTCOPTUPOBAHHOM MaccuBe):
bubble sort optimized(a, n):
i=1
swapped = true
while (swapped)
swapped = false
for 3 =1..n -1 - 1:
if al[j] > alj + 11:
swap(aljl, alj + 11)
swapped = true
i++

CopTUpoBKa BCTaBKaMM

insertion sort(a, n):

for 1 = 2..n:
5= i
while (§ > 1) && (a[j] < a[j - 11):
swap(aljl, alj - 11)
j--

CopTupoBKa BbI6OpOM
selection sort(a, n):
for 1 = 1..n:
m = index of min(a, i, n)
if 1 !'= m:
swap(a[i], al[m])

index of min(a, i, n):
min = 1
for k =1 + 1..n:
if alk] < a[min]:
min = k

return min



“Paspenan u Bnacteym”

MeTon paspaboTkm anropuTMOB “pasgenam u BrnacTByn” (MeTod AeKOMMOo3nuuKn, MeTOA
pa3bveHuns) npegnonaraeT Takoe pasbueHve (gekomMnosvumio) 3agaym pasmepa n Ha bonee
Mernkue noasagayun, YTO Ha OCHOBE peLLEeHUN 3TUX nog3afad MOXHO MOMyYMTb pelleHne BCen
3apaun.

O6blMHO MpU  MpUMEeHeHUW MeToda [AEeKOMNO3UUMW  pelleHue 3ajadv  npousBoauTcs
PEKYPCUBHO, KaXObll YPOBEHb PEKYPCUN COCTOUT U3 TPEX LUAroB:
1. PaspeneHme 3aga4v Ha HECKONMbKO MeHbLUMX NoA3agad (Yalwe BCero aK3emnnsipbl Ton
Xe 3agaun)
2. PeweHwue noasagad (“BnacteoBaHne”) C NOMOLLBIO PEKYPCUM (MOBTOPHOTO MPUMEHEHNS
mMeToda aekomnoauummn). Ecnv pasamepbl nog3agay A4oCTaTOMHO Marbl, Takve noAsagayu
MOTyT peLuaTbCs HenocpeacTBEeHHO 6e3 NPUMEHEeHNs pekypcum
3. KombuHupoBaHue pelleHne noasanad B pelleHne UCXogHon 3agaydun

Mpumepbl nNpuMeHeHMst MeToda “pasgensan M BnacTtByW’ ans pas3paboTkm  anroputmoB
COPTUPOBKU - COPTUPOBKA CNUSIHNEM M BbICTpasi COpTUPOBKA.

COpTMpOBKaCHMﬂHMeM
merge sort(a, begin, end):
if begin < end:
middle = (begin + end) /2
merge sort(a, begin, middle)
merge sort(a, middle + 1, end)
merge (a, begin, middle, end)

merge (a, begin, middle, end):
al = al[begin..middle] + [INFINITY]
a2 = a[middle + 1..end] + [INFINITY]
i=1, 3 =1
for k = begin..end:
if all[i] < a2[j]:

alk] = al[i]
i++

else:
alk] = a2[j]
J++

B npoueaype merge ucnonb3yetcsi crneuuanbHoe 3HayeHne INFINITY - MakcuMalibHoe
3HaYeHne Ans COPTMPYEMOro TuMna AaHHbIX - AN KOPPEKTHOM 06paboTkn 3aBepLUEHNUST OAHOrO
13 06beaVHSEMbIX MOAMAaCCHBOB.



BbICTpaFl COPTHMPOBKa
quick sort(a, begin, end):
if begin < end:
p = partition(a, begin, end)
quick sort(a, begin, p - 1)
quick sort(a, p, end)

partition(a, begin, end):

pivot = find pivot(a, begin, end)
i = begin, J = end
do:

swap(al[i]l, aljl)
while af[i] < pivot:
1++
while a[]j] >= pivot:
j__
while 1 <= j
return i

B kayecTtBe onopHoro anemeHTa (find pivot ) MOXeT 6paTbCcs NepBbiA, NOCNeaHNIN, CPeaHNI
W T.N. 3N1EMEHT nogMaccuBea.

AnbTepHaTMBHas peanu3auns ObICTPON COPTUPOBKMK:
quick sort(a, begin, end):
if begin < end:
p = partition(a, begin, end)
quick sort(a, begin, p - 1)
quick sort(a, p + 1, end)

partition(a, begin, end):

X alend]

i begin - 1
for j = begin..end - 1:
if al[j] <= x:
i++
swap(alil, aljl)
swap(ali + 1], alend])
return 1 + 1
3aech B KayecTBe ONopHOro GepeTcs NocneaHui afeMeHT nogMaccuBea.



CoOpTMPOBKM 3a JIMHEMHOE BpeMS

Cuntaem, 4TO copTMpyeEMble 3fIEMEHTbI CPaBHMBAOTCA MO KN4y, FAEe K4 - 3HavyeHue
NPOCTOr0 WUIM COCTABHOrO TWMa AaHHbIX (YMCNO, CTpoKa, KOMOMHaUMsS CTPOK W/Mnn 4dmncen wu
T.4.). Ha MHOXecTBe Kro4ven onpedeneHo OTHOLWEHWEe Mopsiaka (CpaBHEHWS), AMEMEHT C
MEHBbLLMM KITHOYOM CYMTAETCSH MEHbLLIE 3IeMEHTa 3rieMeHTa C OOMNbLUNM KIHOYOM.

Ecnv n3BecTHO MHOXECTBO BCEX BO3MOXHbIX 3HAYEHMI KItoya M OHO KOHEYHO, COPTMPOBKY
MOXXHO YCKOPWUTb 3a CYeT CO3[aHuNs MaccuBa Ans NoMelleHns pesyrnbTaTa (pa3smepoM paBHbIM
pasmepy MHOXECTBa 3HAYeHWI Kro4a) U MCNONb30BaHUSA KIHOYe COPTUPYEMbIX 31EMEHTOB
ANA MHOEeKcauum B 3TOM MaccuBe.

KapMaHHaﬂCOPTMpOBKa

Ecnn wmn3BecTHO, 4YTO BCe BO3MOXHble 3Ha4yeHUsl Kr4va BCTPeYarTCAa B COPTUPYEMOWN
nocnengoBsaTtesibHOCTU POBHO OAUH paa3:

bucket sort unique(a, n):

r = array of n elements
for 1 = 1..n:
rlindex(a[i] .key)] = ali]

return r
3pecb index - OYHKUMS, OCYLLECTBrsAOWAs OoTobpaeHne MHOXECTBa 3Ha4YeHWn Krda Ha
MHOXEeCTBO MHAEKCOB MaccmBa (06bl4HO nNyTem MaclitabupoBaHus, casura u T.n.). [Npumepsbl
yHKUMIA OTOBpaXKeHUs:
® index(k): return k -KIWOY NCNONb3YyeTCA Kak MHAEKC
e index(k): return k - 200 - koY 6onble 200
e index(k): return k[1]*4 + k[2] - KMOY COCTOUT U3 ABYX YMCEN, KaXkgoe YNCIO
HaxoauTca B aManasoHe [0..3]

B obuiem cnyyae B copTUpyemoi nocrenoBaTeribHOCTU 3Ha4YeHUs KItoYel MoryT NoBTOPSITLCS
WM NPUCYTCTBOBATb HE MOMHOCTbI. Torda MHOXECTBO BO3MOXHBLIX 3HaYeHWI Kro4da
pa3buBaeTcs Ha nogawanasoHbl (“kapMaHbl”), co3gaeTcs MaccuB KapMaHOB U COpTUpyeMmble
3NeMeHTbl MOMELLATCs MO 3HAYEHMIO KMoYa B COOTBETCTBYHOLLME KapMaHbl. Kaxabii kapmaH
0bOblYHO peanuayeTcs cnuckoM. OuHarnbHbI pesynbTaTt nosnyvyaeTcs NyTeM o6beauHeHNUs 3TUX
CMMCKOB MO NOPSAKY BO3paCTaHUS KIOYeN.

B cnyyae, ecnv 4Mcno kapMaHoOB paBHO pas3Mepy MHOXECTBA BO3MOXHbIX 3HAYEHWI Krtoya (B
Ka>XaoOM KapMaHe cogepxXaTcA 3JieMeHTbl C OANHAKOBbIMU KJ'IIO‘-IaMVI)Z
bucket sort(a, n, m):

temp = array of m lists

result = empty array or list

for i = 1..n:

temp[index(al[i] .key)].push(a[i])
for k = 1..m:



result.append(temp[k])
return result

B cnyyae, ecnu ymcno kapmMaHOB MeHbLLE YMCa BO3MOXHbIX 3Ha4YEeHUI KntoYa (KaXKabln KapMaH
MOXET copgepxaTb 3J1eMEHTbl C pa3HbIMA 3HAYEHUAMU KJ'I}OHa), npn nNoCTpoeHnn (*)VIHaJ'IbHOFO
pesynbTata TpebyeTca MNpPOU3BECTU [LOMOSTHUTENbHYD COPTUPOBKY 3MEMEHTOB B KaXKAOM
kKapmaHe. [Ina aToro B npefyayLwemM anroputMme CTPoKy result.append (temp[k]) HYXHO
3aMeHUTb Ha result.append (sort (templk]))

COpTMpOBKa nogcyeTomMm
M - YACIIO BO3MOXHbIX 3Ha4YeHnn knova. Knroyn MOTYyT NOBTOPATbCA.
counting sort(a, n, m):

b = array of n elements

c = array of m elements

for i=1..m:

for 1 = 1..n:
clindex (a[i] .key) ]++

for 1 = 2..m:
c[i] = c[i1] + c[1i - 1]
for i = n downto 1:

ind = index(a[i].key)
if c[ind] > O:
blcl[ind]] = ali]
clind]--
return b

CopTMpoBKa NMoAcyYeTOM SIBMSIETCS CTAbMIbHOW, YTO AAET BO3MOXHOCTb MCMONb30BaTb €€ Kak
OCHOBY A5si NOPSI3PSIAHON COPTUPOBKN.

nopaBPHAHaﬂCOPTMPOBKa
Kntou coctout n3 r nonen k,, k,, ..., K.
radix sort(a, n, m, r):

for i = 1..r:

counting sort of a by key k|,

AnbTepHaTMBHas BEpPCUH: KapMaHHasi COPTMPOBKaA a MO MEpBOMY MOS0 Kro4a, 3aTeM Mpu
c6opKe pe3ynbTtata BbI30OB KapMaHHOVI COPTUPOBKN ONA KaXXaoro KkapmMaHa no BTOPOMY MNOJ1H0
Knw4ya n 1.4:
radix sort(a, n, m, key num):

temp = array of m lists

result = empty array or list



for i = 1..n:
temp[index (a[i] .key[key num])].push(ali])
if key num < r:
next key = key num + 1
next m = num of key values for key[next key]
for k = 1..m:
len = length(temp[k])
srtd = radix sort(templ[k], len, next m, next key)
result.append(srtd)
else:
for k = 1..m:
result.append(temp[k])
return result

/loMalliHee 3ajaHue

TpebyeTca peanu3oBaTtb ykasaHHble B 3agaHUWM anropuTMbl COPTMPOBKM (MCNONb30BaTh A3bIK
NporpaMMmMpoBaHus No BbIGOPY) ANsi COPTUPOBKM 3anucen u3 BXoAHOro darna no ykasaHHoOMy
kntoyy. [1na TecToB ncnonb3oBaTh dansnbl U3 BCnomMoraTesibHbIX MaTtepuanoB (CM. creayoLwmi
MYHKT).

dopmaT 3anucu Bo BXO4HOM panne (MO OOHOW 3anmMcu Ha CTPOKY): Vima damvusms I'on
poxneHusa Mecsalu poxneHua JHeHb poxneHuA. VMma, pamminmsa - CTPOKA, ron poOXIOeHMA -
uenoe yucno ot 1900 go 2000, mecsau poxmeHusa - CTPOKA U3 MHOXecTBa Jan, Feb, Mar,
Apr, May, June, July, Aug, Sept, Oct, Nov, Dec (COKpalLleHHOe Ha3BaHWe Mecsua), neHb
poxmeHud - Lenoe ymucno ot 1 go 31.

Mpumep:
John Smith 1980 July 4
Robert Paulson 1964 Aug 12

Ecnn kno4 COpTMPOBKM COCTOMUT M3 HECKONbKMX MNoNen (CIOXHbIWA KIto4d), TO B pesyrnbTaTte
3anuMcn OO0SMKHblI BbITb OTCOPTMPOBAHbLI MO MEPBOMY MOMO Kko4va, 3anucy C coBnagaroLvm
nepBbIM NOMEM Kroya AOMMKHbI ObiTb B CBOKO 04epeab OTCOPTUPOBaHbI NO BTOPOMY MOS0 U T.A4.
CopTupoBKka No MecsLy poxaeHusi nogpasymeBaeT COPTUPOBKY NO HOMepPY Mecsua.

Mpumep:
Knitou: chamunus, aeHb poxxgeHns (KIod COCTOUT U3 ABYX MOnen).

Bxogn:
John Smith 1980 July 4
Adam Smith 1954 Sep 1



Henry Rodger 1988 Jan 31

Pes3ynbTat (CHa4yana copTMpoBKa Mo UMEHM, 3aTEM MO AHI0 POXAEHUSA):
Henry Rodger 1988 Jan 31

Adam Smith 1954 Sep 1

John Smith 1980 July 4

[na kaxporo anropMtMa COPTUPOBKM M3 3adaHuns NOCTPouTb rpadmk/Tabnuuy 3aBUCMMOCTU
BPEMEHM BbINOSIHEHUS OT Yucna 3anucen B danne. CpaBHUTbL pe3ynbTaTbl BpeMeHN paboThbl
anropMTMoB Mexay cobon, a Takke co BpeMeHeM paboTbl CTaH4apTHOW (PYHKLNN COPTUPOBKM B
asblke (std::sort B C++). [1na npoBepkn KOPPEKTHOCTU COPTUPOBKUN BbIBOAUTL OTCOPTUPOBAHHYIO
nocnefoBaTesibHOCTL B doann.

B oT4yeT BKIOUUTL:
e ycrnosue 3afauv
® onucaHve UCMNonb30BaHHbIX anropTMOB (NCEBAOKOA, OLEHKN BPEMEHHOW CIIOXHOCTH)
e pesynbTaTbl TECTOB (rpadpmkn/Tabnuupl)

Koa nporpammbl B OT4eT BkNOYaTb He o0b6sa3aTenbHo. Tpebyetcs nokasaTb paboTaroLuyto
nporpamMMy 1 ee UCXOAHbIN Ko (a Takke 3HaHWe MCXOOHOro Koaa) Ha 3aHsaATUMN.

BcnomorartenbHble MaTepunalibl

BcnomoraTtenbHble mMatepuanbl MOXHO MCNONb30BaTh Kak OCHOBY 151 BbIMNOSTHEHUSA 3adaHus.
OHun HaxopgaTcs B peno3ntopun https://gitlab.com/georgy-schukin/mpiaa, anpekropus sorting.

B damnax .h n .cpp Haxogutca MCXOAHbIA KOO TECTOBOro npumepa Ha si3bike C++. [pun
peanusaumm CBOen COPTUPOBKM AOCTAaTOUHO M3MeHNTb kog dyHKumMu doSort B dhanne sort.cpp.

[na reHepauum BXOAHbLIX (QAWMNOB HYXHO 3anycTUTb CKpUNT inputgen.py (OofmkeH ObITb
YCTaHOBINEH s3bIK nNporpammmnpoBaHust Python). 3anyck ckpunTta B Linux, B KOMaHAHOW CTPOKe
(B OMpeKTopuM CO CKPUNTOM): ./inputgen.py WM python inputgen.py, B Windows:
python.exe inputgen.py WM OBOWMHOM LLUENYOK Ha dhalne ckpunTa.

TecToBbI NpUMEP NPUHUMAET Ha BXOA ABa apryMeHTa: MMsi BXO4HOro darna ¢ 3anucsaMmmn um
UMS BbIXOOQHOrO (panna pAnsi COXpaHeHWsd 3anuce B OTCOPTMPOBaHHOM nopsgke. [lpwu
OTCYTCTBMM aprymMeHToB OyayT UCNonb3oBaHble 3HAYEeHUs No ymonyaHuto. Mpumepsbl 3anycka
(sort.exe - ma ncnonHaemoro ganna):

® sort.exe - ByayT NCNONb30BaHblI BXOAHOW M BbIXOAHOW dhaisbl MO YMOMYaHMIO

® sort.exe input leb5.txt -yKasdaH BXOOHOW daiin, BbIXOAHOW dann no yMOMYHUIO

e sort.exe input led.txt my output.txt - yKasaHbl BXOOHOW W BbIXOOHOW

Gannbl


https://github.com/georgy-schukin/mpiaa

BapuaHTbl 3aaHWi

Homep eapuaHma QOnis @bifiofiHeHuUs = cgod HOMep 8 crucke epynnbi % Koaudecmeo

eéapuaHmos
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2.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

CopTupoBka ny3bIpbKOM, COPTUPOBKA crnsiHuem. Kntou: nmsa, damunus, roa poxaeHus.
CopTtupoBka BCTaBkamu, 6bicTpass copTupoBka. Knwou: wumsa, damunug, mecay
poXaeHus.

CopTtupoBka BbIOOPOM, COPTUPOBKa cnusHueM. Kniod: pamunng, roa poxaeHusi, AeHb
poXaeHus.

CopTtupoBka ny3blpbkoM, BbICTpasi copTupoBKa. Kntou: dpamunus, rog poxaeHus, mecs
poXaeHus.

CopTupoBka BCTaBkamu, COpTMpOBKa cnvsHuem. Knwod: wumsa, damunusa, OeHb
poXaeHus.

CopTupoBka BbIGOpoM, ObiCcTpad copTupoBka. Kniou: ums, rog poxoeHusi, Mecsil
poXaeHus.

CopTupoBka cnusiHueMm, KapmaHHas copTupoBka. Knwou: rog poxgeHus, mecsy
poXaeHus.

BbicTpas copTupoBka, kapmaHHas copTupoBka. Knwouy: mecsy poxaeHus, AeHb
poXaeHus.

CopTupoBka cnuaHveM, nopaspsagHasi copTupoBka. Knwod: rog poxaeHwus, OeHb
poXaeHus.

BeicTpas copTtupoBka, nopaspsgHas copTupoBka. Knwod: rog poxaeHus, mecsy
poXaeHus.

CopTupoBka ny3blpbkOM, KapMmaHHasi copTupoBka. Knio4: mecsau poxaeHus, AeHb
poXaeHus.

CopTupoBka BCTaBKkamMu, KapMaHHasa copTupoBka. Kntouy: nms.

CopTunpoBka BbIGOpoM, kapmaHHas copTupoBka. Knitod: doamunus.

CopTupoBka My3blpbkOM, Mopas3psgHas copTvpoBka. Kniou: mecsay poxaeHus, AeHb
poXaeHus.

CopTupoBka BCTaBkamu, nopsa3psigHas coptupoBka. Kniod: rog poxaeHus, AeHb
poXaeHus.

CopTtupoBka BblbopoM, nopaspsgHas copTupoBka. Knwod: rog poxaeHus, Mecsl
poXaeHus.

MopsispsagHas copTupoBka (06e Bepcun). Knod: rog poXxaeHusi, Mecsl, poXXaeHusl, OeHb
poXaeHus.

CopTupoBka cnmsiHuem, copTupoBka nogcyeTom. Knwou: rog poxaeHus.

BbicTpas copTupoBka, kapmaHHas copTupoBka. Kntoy: eHb poXaeHus, NMS.
CopTupoBka CnMsiHueMm, KapMaHHas copTMpoBKa. Kntoy: mecau, poxaeHus, hamunus.
BbicTpas copTnpoBka, copTMpoBKa noac4eToM. Kntouy: rog poxxaeHus, Mecsl, poXaeHus.
CopTtupoBka BblbopoM, copTupoBka noacdeToM. Knwod: mecay poxaeHus, AeHb
poXaeHus.



HOHTpOJ’IbeIe BOMPOCbHI

My3blpbKOBasa COpTUPOBKA.
CopTupoBka BCTaBKkamu.
CopTupoBka BbIGOPOM.

MeTog “pasgenan u snacteymn”.
CopTupoBka CnusiHueMm.
BbicTpas copTupoBka.
KapmaHHas copTupoBka.
MopaspsaHas copTMpoBkKa.

®NOoOOAWN -~

JInTepatypa

1. KopmeH T., JlensepcoH 4., Pusect P., LUtanH K. Anroputmel: NoctpoeHne n aHanus, 3-e
n3gaHue:
o [naBa 2, lNpuctynaem K n3y4yeHuio
o [naBsa 7, bbicTpas copTupoBKa
o [naea 8, CopTupoBka 3a NMMHENHOE BPEMS
2. Axo A., XonikpodT O., YnemaH [. CTpyKTypbl A@HHBIX 1 anropuTMbI:
o [naea 8, CopTupoBka
3. Cepxsuk P. dyHoameHTanbHble anropntmbl Ha C++:
o Yactb 3, CopTtupoeka, rnasbl 6-10



