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EERHFRABNBZG T BV G — LA EERRE—MER. ENREREERHE
AR T R MR T LB AR T A S B ek . IEM AT R AL AR IEFE PR HEHE—HF
BEOERERE.

PREVFAR N E A AR T EIEAR U TR KD, BB TFARITBEIREERN
RLEE:

SHMIHTENEREH SHERA

5 TR . BEWKEE M R E(GUD

T [ %o 3R B 2R 4

SR TT HERBA

H 25Tk M 4% i PUE 4 K

BB REER . BRFLN TN RN T RS NS ISR AT T MR, H2
WEMAMETREREAR. fll, ZB—FETHEMBRS, EfEmfiIA—MIBRITEIS—
AMIE. HCHB T RENES. — M EERPRE. T8N, SRR TE RN REAR . R
M, XIFELHRAE, T REEL(TREEARERERER . M. WA, EERRERRE.

T EL, BIMEERARLAE LR A 7 B o N A O L R AR T e . L R T R
RBEFD ? BTSRRI T B AP R E S £ B A P 5 i 3 #R AR
FHEE. RN AR T PG ? P4 b &R TR . R RARA—MAR TSRS
HiIEERBEY? MATPFRENHiESR . MRESBULHSLET, FAXEHZHERRE,
BERYGAHENPERRRSHEEAREE L.

#H—F, FEETTEYBEA AR, ROVEAHTEVRRB LA ERWE. EMRA]
L EXHEAHF SAFHF R P BRI, ERFERKEBMN, B2 EBENE
A ZRERNBE.

RERAREEMREEARNBELEMEX 2 HIERGHEF R SM¥EEN—MHE. A
RAHEHEAR, MBENEEERAZ, RETUZE—%ES, B2, MRE-TFHERY
®, WA LUBHERRSES.

%3
1.2-1 AHENARBERRNANMAN— T, 0 RME%NTEE.

7

[13 ]
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1.2-2 BERMELEHEAHTSEFHF MRS LALH. XIRER » KEA, BAH
FiE1T 8n® %, WIAHHEFZAT 64nlgn . MXTHILE nfE, BAHEFLT IR HERFE?

1.2-3  n WB/MERMER, B76E N 1000 H—NEEEMRYLEE ERTFE1THE S 2 1
FA—AEE?

BEE

111 GEATR R e RIRFRERNEETE f(OZW, XTRPBEAN B () A E
¢y BAETT LATERS (A] ¢ USRI (R RE B B R AR .

1 #p4h 1 534h 1 /ha 1X 1A 14 14

lgn

AEFIE

XTFEEN—BFEEAFZRENERH, SEHUTEERSRIL: Aho, Hoperoft
#1 Ullman[5, 6], Baase fil Van Gelder[ 28], Brassard 1 Bratley[54], Dasgupta, Papadimitriou
F1 Vazirani[ 82], Goodrich 1 Tamassia[ 1481, Hofri[ 175], Horowitz, Sahni # Rajasekaran
[181], Johnsonbaugh 1 Schaefer[193], Kingston[205], Kleinberg 1 Tardos[208], Knuth[209,
210, 2117, Kozen[220], Levitin[235], Manber[242], Mehlhorn[249, 250, 251], Purdom #
Brown[287], Reingold. Nievergelt 1 Deo[293], Sedgewick[306], Sedgewick #11 Flajolet[ 307],
Skiena[ 318], DA Wilf(356], Bentley[42, 43]#1 Gonnet[ 145 i} T B it R — B L ERAY
H. BT 4 PR 4 7] BA ZE ¢ Handbook of Theoretical Computer Science, Volume A)
[342]L4 B CRC H} i€ Algorithms and Theory of Computation Handbook)[ 2514 #28]. i+ EAY
2evh i BB B AL R BT LA7E B Gusfield[156 ], Pevzner[275], Setubal 1 Meidanis[ 3104 &

Waterman[ 350 14555 FI b FP#22l .
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Introduction to Algorithms, Third Edition
o ALl
»,

AERENF-ARFABRER, BENBEERITSTBEEX MERFHITH. X
—EWAWEEA ERMI K, ERAXE 3 ENE 4 BF-EAFKGIRHGERET LR
MRT, MR AL HIATRAD .

B, RITEERMEE 1 BFIANHFFRABENBASFFREE. RINEX—MNTEEES
ARV BB R LN R BGE I “ DS 7, R ERERARINE MM HARE. RE, R
ATHAHFRERE, RITHIER RE % IEBHET o afref [, XMaH5IAT—
FE S, BTSSR [ AN BEE B BT . TR ARG, BRITFTIAM
FREBITMAEHERAXMH T EF R - IRAEFFREE. &E, RISHTEAFHEEF
BB AT ]

2.1 BAHFF

RINTOBE—NERGEAHETKMAESE 1 Eh 5| ARHERF B3 -

%)\: n/l‘ﬁf(E‘J~/l\F?§'J<an Azs ***y Ayl

ﬁ’ﬂ:l: %AI??'JE‘J—’P?IF?’JM{, a;’ R) 02)9 %E a;<¢;<"'<a:o

RNHFEHFWBEOHRAXBIR . BAMS ERNEHEF—NFF, BERAARUnMTE
B MIE B

Afd, RITEFHBEEHRANA—-MORBHEENRER, ZIRBEFZHFEERLUT C.
C++. Java, Python B Pascal, HNR{R%¥EXEIET P HEM—FF, WAL ERITOE L
MZEA EE. ARESEBHXET, EhARBS, RITEHEEW . REENRRTExX
WHAENE L., ARNBREWMNERTEREE, UNRARBA - EXEBERATHRAL
—BHEBPRAEZR. ARBSEBENG—ITRIRMIRBEEERRXLRETIRNEE. X
THEREHMBRRAEENAR, B%ZBEEMSR . HREMERCER R E,

BRITERNBEANER, MTFLETENHR, ER-NARNEE. BAHFHI/EFR
BARZANHEF—FH 5. iR, RITWEFISHARTFENEBRET. K5, BRITEKRMN
ETFLEE-KEABECBALEFPERYMLE.
ATRB—-KEWERMLE, RIMINGEERES
EEFPREHREEITILE, WHE 2-1 iR, &%
EF EWBAREEFTN, FoRXEMERT LM
P TRER A AL

MFBAHER, RIVEEOARBEIBEERN
INSERTION-SORT, SR — g All. . n],
WERKERN n WEHFH—NFF. FEREH, A
FITRMEE n FA. length RFR ) XE R HEHE
FFRARE: BRERE A PEHEX S, fFEEM
B, BRERARPHER N RFHEHEERAS
H. 7Ei3#8 INSERTION-SORT 453 it, A |

A BEHFFRRLFS. 21 (ERHEAHERERHAEFF b

[ 16]

[17]]
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INSERTION-SORT(A)
1 forj = 2 to A. length
2 key = A[j]

3 // Insert A[j] into the sorted sequence A[1..; — 1].
4 i=j—1

5 while i > 0 and A[i] > key

6 Ali+1] = A[{]

7 i=i—1

8 Ali + 1] = key
RAELTEXS/ANHFHERY

Bl 2-2 RAXF A=<(5, 2, 4, 6, 1, DEBEHEWMINE. Tirj 98 B EBEABIF P M50
7. 7 for EIF (AR N HKEBUGERINITE, G&TER ALL .- 1IN FRAMR T 480
HFFHEFPHM, RANTERA AGHL MM TFHERFEWMEE, B E, &
AlL 1SR RREME 18] j—1 WK, EIECHFHI. RIUE AL . j—1]0x L
B RR N — N ERFERX

EH 1~8 478y for B W KRB RTo0, FHA AL . j— 11 ERE ALL. . j—1]

FRTRAK, ECEFHT.

5 6 1 23‘456
1] o CLERDD

1 2 3 6
<D|lp|ﬂ4h|q

B 2-2 ¥4 A=(5, 2, 4, 6, 1, 3) I INSERTION-SORT fy#/E. A TR EK B E
MLEF, BANBERFHENERREKRIES. (~@%F 1~8 17 for ERMENR. &
wERF, BAKNKIEAFERA ALIWXET, 75 5 TPk e S5 aEa8m
R K A HMESRT R, MBZNSH LB RHEES 6 TRABH—IMILE,
BAMETLIEHES S ITXREFHBINM Y . (DERAHFFNEA

EHAATRFEARFRMNEFBEENERE. XTERAARER, RIOLIUEH=%4
TR
M. TR —UERZAET, BEHRNE.

REF: WRBAHEREAZHENE, BATRERZIETIHNE.

#ib. EEAL LR, AKX DRMNBE—-AFRABNER, ZERADTIERABREEE
.
LRGP R RBSL A, EEFNERERZAERRERXNE. (SR, I TIERBEFAE
REBREAZHRIENE, BRMNZLTUEARR FREAAERNE S W HMBEIELHEFE.)
EE, XRUTHFEAE, KPR TIEARFERRY, FEIEH - TERFLM—NEH
¥, X8, EAS—KERZTAZRBL XN FEAFRL, EARA—-RERB T —RERAE
KBALX M T HAE .

FERMERUTRREER, HRRNTECEAEFRAEZRERAERE. 8%, RIOIMIH
TR LB R —BEREFAER . K IEERRTRITE R EAEFERNERME, AR
W, BRI, XELEFLILE, EI1E T,

IRMBEN FEAHTF, WIER X 24 R AL .
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M. HHRIFMHES—KEFERZA (Y j=2 8, BARERME. Il FHRA
ALl . j—1X A TeR AL, Ll bR ALLPERMITE . MHEHRFHRARHETFIFHN
CYRBEI) . XEHE - KEAERZATEAAE R

FbF. HRAHESE - &WE. IERSKERAREARER. BRI, for FIFERLE
4~7F78 AL—1]. AlG—2], AG—3]1%mABI— M E, BRI ALIMEYNE, 58
T AGJRERAZNLE .. X F8d AL Il ERE ALL . jIPRTRAR, HERFH
Fl, A4St for FEIH T —KEARIEM 7 WA IRFEAAREK.

B EWFRN—FER AL BB R RIS 5~7 171 while J§3F 45 tH IHIE B —MEFFA
FR. Rifi, XERMIAPBBEAERECWESEE, MR LIRS PrRIERASE — &t
XA E G AL

#it. BEWREBAKRIERNRETHA. R for EIRL LM EZMAFR j>A. length=n, H
HEREFRER 7 1, BadbF j=nt+1., EEAAERHRRPE j An+1 RE, RITE:
FHE ALL . nJh FOREE ALL . n ] TR, HERFHY . 2853, FHRAALL . .nJREE
ANEE, RAOTEHHENMBACHT . BRBEERER.

EAZEGE A REAMES, RATRER XA A M 7 R IE B B L i IE W .

HRERH—EHE

RANTEHRBFRAUTAE

o SEHFINBREEM . BN, 2B 14TIFIRE for EIMA B S 2~8 1T, 5 5 FTHIEM while

B ERATE 6~7 FEREEE 8 17, RATMLE XS hiE T if-else i54)°, RA%
HERAEE ARG MRE, A0 begin 71 end iE4], 7] LA R KB ECHERIME.

o while, for 5 repeat-until {3 454 LA ¢ if-else £ 54455 C. C++., Java, Python
1 Pascal YIRS EARLMMERS . REFEHITF C++. Java #l Pascal FHHH
B, ABPIERBIERE, BIFTHSRFHME, Hib, BBE— for B35, EHR
HERNERREE B for A RBWIBME. 7EIEHABHAHT M ERER, KA
BRATZER. 51178 for J§3F KK for ;=2 to A. length, FTLA, MXEARLK LA,
j=A. length-+1(EE %M, j=nt+1, FHR n=A. length), ZH4—4 for ﬁ%ﬁ{ﬁﬁﬁiﬁ
INEAEATHEERET, WAV to. Z—A for fEIRFUER WA HAG I B 6T,
WAVEE KR downto, HIEAHEAFLUKT 1 — B ARET, Z oA & BRAE T i 5%
A by ZJ5 .

o FEC//RABITEERSBANER,

o Blli=j=e MEZEMEREIRN e WERBLZE: Mj; BHNBELHEBREN TRE =-
EBRERME=;.

o RN, jMkey) RAMTFAELEN., ZXEXEH, RITAFHLEETE.

s BUARKELBAALTI])"XHEMEZRViE., Fln, ALIRREHAWE X,
WS P HATFEABAPEN—TEE, X, AL JIRRAN—NTHRYA, sa8;
4\7—ﬁ§A[1]’ AI:2:|9 R AD:lo

© LEIFRE for fEIRNS, FEH—WERNRITHZA, RIVEBEBEFAL N KN 2R ENMEIR T HEROIHERE
J&\ TEMEFR KIS —RAIAZ AT . X INSERTION-SORT, XAAFZIBLEIE 2 AL R j ZFHESE — KR
J<A. length BREBLZAT

© T ifelseiBMH, RAIGEHE else BT if HFMER. BREW T KR then, HRIAIB/RALER if 95
RARNPITHIIFR A —/ then FH. W FEHMIR, EHE—MRZE, B elseif KiK.

© REPHGWIES BRKMERAR MR, BEHAHESMMLEH. Python = repeat-until {53 H: H I for
TEFRIE S A H PR for JEFAA LR,

11
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%3

2.11

2.1-2
2.13

2.14

E—®s E @ iR

EEBEBHEHHLENKR, MEXHBYEHAR. RINEHAAFALSHEENRERIES P
BHAERRFERBYE: MREER—- N SHRBES. A, BHTUERE—
AR, CREBY length, FRBARTELILE, W A. length SRRREH A PHITT
£HH.

BATERA M BRATH R OERE RIS RS BAS R HEIREN— 84 T
EAXNR BRI f BE y=z 3%y fET = f. #—F, EAEE = /=3, WY
BERFAE x. fEF 3, MHy fBETF 3. HWFER, ERE y=x/F, My EAH
Eil:iopse W

BAMWBHIC SR, flin, BEEE (AGEERNEMLBYAGEL g
HIXMBR I —AEE . BBAIEE = f e HREBMB SR (z. . g. BeAiEH, WREEL
BE y=xz. f, B4z f.g 5y gt

A, —MEEHRARIERARMR. Xot, RITRATHRHRME NIL.,
BARELSEEEASRE: SRAASBRREESHE SNEIA. REXNENSSHR
B, AAIBEEABIXMBE. YXREEEN, HRRATREBEHBEEES, W
MR BHEHAGEER . S, Rz RBENSAASENSH, ERATIERHR
H z=y SHAAIBERAT A . R, BE 2 (=3 HETRMN. 20, RAELHE
ok, SRIBABAN—MEEBEE, MARENEE, RN BATE NS
RS RE L.

—A return 35/4) 37 BpH LR BRI A S BN A A S . KEH return 1548t —MEE
BEFEAE. RITWAIRBEFSHEBIEEARE, BXARINAFEL—H return (54 F
R [EZAME.

H/RBEF ‘and” M or" H R EHEM . BWHMEU, HRMERERX“z and y”Bf, HERME
z. TSR 2 R{EHN FALSE, IABANRERXAAGERMEN TRUE, FFUAERE y. 5
5b, R x RMEN TRUE, BAMSDTRE vy U EENREXNNME. Ko, MRS
Kz or y”, XY xR{EH FALSE Bf, ARMERER y. EHEHWEEFERIEBHEER
“x7#NIL and z. f=y" XFEMAIRBER, MALHELY = 4 NIL BHRITHRERE = f
BEEEMFAEAR.

X5 error FARE N B AN IBERATHIAT —NMER. AASBRAFTLAEZK
IR, BTUARNTA IR R B 41730

PLE 2-2 iR, P58 INSERTION-SORT 7E%(4H A=(31, 41, 59, 26, 41, 58) EAI
TR,

HEE 7 INSERTION-SORT, #ZZIEFAF (MARIEEFEHF.

ZERUTEX D

BMN: n MEB—FIA=(a, azy ***y a,) FI—MH v,

Bl TR B o=ALJREY v R7EA FHIA, v HFRFHKE NIL,

B &EERNHRE, BEEBNFIIRER v. EH-MEFRAERRIEBRME S
RIEHE . BAKNEARERHE=ZRDLBERER.

H AR o A BEH B BONAESRA A B, X ANBESHIFMEER N n THR4A A 1 B
B, XN R H R RFEEE— (DT C o, HA KA ERIE
KR, #5HARB.
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2.2 SEE

SHEENERERETNEEFTENRE. BRAMNBRINFEXRLBAE. BEWERK
HEVEGEXEER, BEREFRNEEENE TR A, —Bkil, EIPrREEA B
JURMERE L, RATATAEH —F AR Y. X7 7] 8B 48 B AR 1k — N AT RS B,
BREXMEEF, RINEETURFILIERENRE.

RGBT —NERZA, RIIUFE - NEFANSHERWER, GFERHRFARE
RERMMER, MEABHRESHEY, RINBE—FEHNRLESI T EREE—PFEIL TR
Hl(random-access machine, RAM)RIERRITHELIEAR, BEATUATENBFERELHR. 7
RAM Bifish, 54 —FKE—KHT, BAEIRBRLE,

PR HbE, RATN BT E X RAM SRR 4 RIHAM . AT, XEEMEBEZ %R XX E &
KT ST BRELZRKEX . RITEAEEEABEA RAMER, #ln, mR—E& RAMA—4%
HFF184, SEHR? XiF, RIIRA—ZELSMEBHEF . XHH RAM EABELK, EHEL
KAV EAE XHENTES . T, ROV IFEERLRELHEIMZIT, RAM ginfri
it. RAMBERGEELHEN R ERNES: BRES ML, Bk, Tk, Rk, LR,
mFEEE. W BB . BEBHELSGEA. . EHDMEHES GRS IAEHER. T2
FRAMASRED . BEXHENIESIIEREIRVEE.

RAM R SRR R A BB R S, BREEBH, RIT—BAXLEE, H
REFENAT, FEREXEEN., RITEMNESMBEFZOAERE—EE. flam, i
HBR n AR, RIT—BBEMNENIKTEFTINER oo BEH clgnfRFR, RITER
c KFETF L, XBBNFEHTLURE n HHE, NTERIERIIENMHIATTE. RIIBH R
BE, IEFRAASEEEK., RFRADEEEK, RITBBE—IZPEEERENHE
¥, 3 HE ERERETEMRBINHT, XMELERAIE.)

HEMTENEE —% EERS B HIES, XBHFESRET RAM EE F H—KE XK.
i, PEER—FEENERESG? —REATAR; YoMy BELHNH, HE 2 F
BET&ES. AW, EZWRELT, BREEXRE—1FENENERE. FZHENREE
BrE4S, EEFERBAB— MBS MER L. EREBGTENF, B—1BEHNE
ML EB— LM TR REHRELU 2, ERE—-DERWEMLAED & NS0 TRIXEHFEU
28, FRBh, RE R ARF—MIEIFROME, IR EVLT L — &% Bt 4k
WE 2*, BPREH 1 mAR L. RIMIERES RAMBERPXHENKARSE, HE, HrRE2—
AR/ IERBET, RAITEIE 2* BIHEER— % B R M083RE.

£ RAM RIS, RIIHFANZEXSYRHEIFE RNAERREITEE. R, |1
BEXNREEZFMBUAEETEE., JIATEENXRRBRNFERROEW, STELHEN
LEBTHESERF, XMERERNEERN. 2EPH—SRE%E T NEBRRNEN, HEEX
BRI AL RIX L, 5 RAMBERME, SSNERRNERESREL, FTU
AIEEXETF A . HeSh, RAM BERISTE 5 REUSR 47 B SE PRt B L b gk .

R RAM SERIBI T — A BB R BT RER— k. BENRETATHRAFEAS
2. HBER., REET, UERH—-IMARPEERLHTNEES . BASTEANTRNEA, &
EHATHTREARR, FTUARMTE R ERUR RN . 5 THEENARNER SEIRERITR.

BPEERATE ¥ REFE ML SRR AT R A e B B, E0 @ I B R AT 417 i
MAREEFZERE. RINBE—FERTE, EHHEMLHEELER R, FaeRAEERE
TRMEERRE, FRBEMHEHZROAET.
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BNAEF EE DT

{172 INSERTION-SORT FFZE AT KB THMA . HF 1000 M HHEF=ABREBEEKY
BHEl, HAh, KIBEMIEBHFNAE, INSERTION-SORT ] §6 28 B4 R B0 59 By 6] SR HE 5 5
MR HFEMBER AT, — Bk, BEFENNESHANAKREHE K, FLERE—
ANEF BT R R A B R . AL, AT FE T4 E RIE BT [E 7 F0

“EIAFAEL

MARBENBERSKRB TN RS, SFZEE, miFssTEEsEEn T, &8
RINBERBRN T ALK, HlI0, FHEFRANIE n, AL EE, MR REHEE, &
AN BRERERAEEN _HHCSEZr-BMAREHAME. A5, ARABETAR—4
BORFARMAMERERE. fln, EENMEENRAR—E, W AMER L IZE S8
TS BAAEORER . X FHRNENNE, RV E AR ANKRE.

—NEREFERA LRETREREITHERRESRSER. EXE"HBSUER
BHSI THSRRLEN. BT, IERIMRAUTREA, WTEAIRBEERENE. BR—17T
55— TR EARSEMEE, BRRIBESE  THESRITEENRE ¢, HP o B—1
HE, XSRS RAMER R -5, FEORB T hRBERSHEELHEN EAMLHRe.

ETEMHES, RATHZ 3k INSERTION-SORT E476t I E AR, BMHAR
HRAFA BRS¢, MBAKICSUEMEH., ERGAHE, HHREBL. XMRFHEMNICSHT
B TRARAZ—IMEEEBES - INEAN.

A8 Jo4h i3 72 INSERTION-SORT ', 4 4%iE A M 47 B R A B AT R K. %t j=2,
3y *y n, HA n=A. length, B t; ZARMIRMES & 5 77T while FEIRIRARE . H—4
for B, while B3N %8 % #9772 (B B FAEIR L o A9 I 3200 18 H B, BRAT 30038 A YR 3 b B AT P8 3

BRE L 1. RIMBEEREASATPITHIED, FIAENATERE.

INSERTION-SORT(A) R KH

1 forj = 2 to A. length c n

2 key = Al5] c2 n—1

3 // Insert A[j] into the sorted sequence A[1..j — 1]. 0 n—1

4 i=j5—1 A n—1

5  while i > 0 and A[i] > key cs 2t
j=2

6 Ali+1] = A[:] e > —D
j=2

7 i=i—1 P M-
=

8 Ali+1] = key cs n—1

A BB T E R ELIEANBITREZ M. FEIT o FEIIT 2 KW—KIEH
W RER cm 5 BIBITHHES . NHEERE n MEKH A L INSERTION-SORT Hyizf7it[E] T(n],
BOITERN S LI P TTEZBR A, 5.

T(n) = an+o(n—1) +etn—1 +e D t;+e 2, G — D+ ) (45— 1D +cn—1)
j=2 j=2 j=2

© EA—-BHPMATE. RIOAGERAKITASEER - IBROTH, RABRFEHON AR - &,
Bitn, ABEETBLSY ML « SirHFRER”, EMRIEEIAN, HHRLRENNAS T - MR, &
B3, —MAATEFNEDURERRNE, MMETEF-BRANTRREESHE. WA, R
RAMEATFRFHERSES R TFRFS SPTRTRFNLE.

© RN TREA L. Vil m MFEMT ELBAT n WH— FKIBARLIE mn D RFRFET .
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BPAEST A E MM A , — B EMEITE WA BB T4 MR IZET B A
Blan, #£ INSERTION-SORT H, #H#i ASHEHETF, MBABEFR. Xot, X84 =2,
3, oy 7y &'ﬁ]ﬁﬂlﬂ%sﬁiﬁ glmﬁm{a]—l g ﬁA[i]gkey,, MﬁﬁXﬂ'j:z’ 3, vy m
A =1, BREBRNBITHRENR:

T =cantc;in—1D+c;(n—1D +cs(n—1) +cg(n—1)
=(ag+ct+e+c+cI)n— (e +cy+c5+cs)
RATTLHERBITRERAR R an+b, HPER o Mo KRBT EDAM .. BHilt, ERnHWEY

B

HAPUEC REHT, BREEFHTF, WSBEREL. RITLIEENTE AL/
SEANCHRFFHA ALL -1 TTRET IR, X =2, 3, =, n, H=j5, &
3
= n(ng-l) -1

=2

O
<M$Mﬁ*ﬂ,%§mw§m,%ﬁ%mﬁﬁ%ﬁ%T,mﬁkmwmmnmﬁﬁﬁ@ﬁ
T(m) = ante(n— D +atn—1) +o (Z2ED —1)

+Cs<n(n2 1)>_|_C7(n(n D)-I—cs(n—l)

= (Cs +CG +C7)n +(C1+Cz +c +——C—6—C—7+cs)n

— (et s+t )

RATT LB R BN F BT RIRAR KR an® +bntc, HpER a, b Fc XIKBTF BN c.. B
I, BERn W IIREH.

BRAEURHNETHRITEE B — LG &N I AL, BIEEENRA, KT hdn
BBAEML, {EREH WEL RGBS AHEFIREE, BXREITHEX A NMmARE S,

BIRERS FHERSH

OB AHEFR, RAITBEIR TREFR, KPWABACHTF, XHRTEFRER,
HP@mABHE RmETF. R, EEBHATHRSS, RITEEERT AIREFEFRIETH
i8], BPXTHAER n WAEfTSA, BRMBKIEITEE. T B XN =S5 Hh .

o —AMEBENERBERETHEIAN TEMEGANSITHEN - ER. METXMR,
MEBRRZERARNFEE RN E . AT LT ZE 17 B (8] AR b & 2% 005 I 3 7T LA
BEAREHBENR.

o XMWREEY, BIMFREEHA. Fl, YEBBEPRRE-FFEHELN, HZER
AEHREF LR, WERRBEENEREASEFHN, EFRENAS, SHRREBH
KRR EN.

o “PHFL"AESERERRB—HE, BEMILEE - MO ABARRF. FEZ
KRR EETFHH ALL . j—1IWH A BBATLE ALj]? FHk¥i, ALL..;—1]
FER—ETENT ALY, —FTERT AL BT, FHRE, RIOIEEFH4A
ALl j—100—2%, B4, RARK /2. FBEEHE ST RS RGN EREBIT
A iE]—HE, R AR — A KR

ARHEEEFLT, RSN —MREENFOERETHERNE; RETAE, RITKE

[ 26|

[ 27]
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AMESWEARAGATEMHEL. FHELMTWEEER, BANTRENREE, tamm—
MOPHBMAFARE., RINEEBREAEUENTEMARLGHRAMNTESE, LhRE, ZRE
AIREARRLSL, HE, ABATLMFEABNMAEE, T —SEILR%ESE, UAFHITERSITF
FEAERANERETE, £5 5 BEUMEENEMILES, RITEH—SHEREILERE.

BKER

RAVEE FAFE LSOk 372 INSERTION-SORT Wi EMAS . Bk, SR
B o RAXER/MREBEFEOHLRHEAM. KK, EEISEEBRUESETHRINEES
ERNELSHAY . IERIFENBITHERRR an?+ontc, HPHE a. b Fc KB TFEHLH
cio XFE, RATAEZBEZERAERAY, MEBZ BB .

RARINBE —FEEANME . WRMNEERXBHSITHEMNEKESERKES. i
URNMAFERBARXPREZENTEGII, an®), EHY n HEMBKH, BHRTHESTEEALEE,
RO ZBEEENTNERE, FAINKHAA, EREITENERNEERTFAIEKEE
B, XTFHEAHF, YRNZBENTASEEZNTHEREN, AR TEEENTPHEF
nt . BATCHEAHER B BIRBREITHE 002) GEfE“theta n 7). AEJEEAILMFEH @
i85, 3 ERANEFEREX.

MR- NEENERBRETHEAREES N EEERNERKRESR, BARITEE AN
MEHEEEAYN. HTEREFRENT, WF/MEA, STHEIEEREMKERN—
B5ETHEHAEREERKERN IS —NEEMLL, ERTEROHEE. BRENEBK
A, Flan, —4 ) WBEEEENRBERT S —1 0 ) WELEBITRER.

%3

2.2-1 A @itEHEREH »*/1 000—100n* —100n+3,

2.2-2 HEHTFHFHEERAA P N BEREAPHB/NTERBESAN]PHTES
13ctk, BEF, Rl APHKRE/NTEFBRS ARIPRTEFEITRE:. X AFRT2—1
MR Z T ARSE. ZEERAEERE, SHEMRE. ZREERERFRNEARRER
RBIA? AT AERTENR n—1 MK, MARXNFA n MuRET? AOIES4H
WEHEF MBI B S BN BB 1TRT ] .

2.2-3 HREREEERRMGE %Y 2.1-3), BEEERATEST M IHAFHIEET
, FTHFRERERAFIINZOLE? BIRBERXAR? et SAHAREERY
EHE R AMBIR BB TR . IERRER.

2.2-4 AT AAMESULEEBEERFEZEA BRIFHRIF B REITa E?

2.3 gitHEE
BRATTUEBEFERHOBERERITEAETRE. GAHFFERATHETE: EHFTFH4A
ALl j—1)GE, HBBEATR AU MEATHRARESNE, mEFFFRTHRA ALL . /1.
EHRIVBESD —MRR MRN8 4 BRERABRR LI E. RITEAS
WERBT—MEFEE, ZEENEFRERSTHE LHEAFEDSRE. MEREENTA
Z—R, EIFEAE 4 ENANBREERE B E LB E,

2.3.1 &k

WEAERNBEEESH ERBERY: ITHER—AGENEE, Bk—REEREIEHH
B SRR EEHERNE T RS, X885k EES RN A, BRRES A



£2 HXERM

JUAPER/IMER LT IR B 0 F R, 33 ) R X & 7 R AL, ARG A 3R & T R K 7
S 2 37 7 1) R A o

IHAR AR R BN =P R.

SRR A T T IR, 3T (Rl N R0 R A AR/ N S 68

RGBT R, BITHRBE TR, R, T RERAEEE/N, WEERRE.

B HX LT RN A JO R R R %

RFHFR R EREMARNA. B0 EHRENT .

SR HERHEFE 2 NMTRBFIIRE R 2/2 A TTREPATFI.

Rk FRIAFHEFR IS BHEF AT

B BHWICHFHTFIIUSECHFRER.

LEHFRFFIRER Lo, BEITHRET”, EXMIER T ABRMEM TR, FAKEN
1 KN FIIERCHET

JAFHHF AR R BRER A" PRI CHFFIINEIH . RATETHA— BT
## MERGE(A, p, ¢ NRFERAH, HPHAR—IHA, p. o r BEATR, WE p<¢<r.
ZABBE TR Alp. . ¢JF1 Alg+1. . P JHEHFF . E/HFEXRNFRALRE K EHEEF
TR IR LRI F 5 Alp. . 7],

id# MERGE B E o) it [al, Ko n=r—p+1 RHFEHTRHSE. EHUTIHIAL
fE. ERIRMGHEREHT, BER LA WM TS LA, SERCHF, B/RMER
Lo BIFBEXFBEEESIHRE—NHEFF R HE, MASTRRER L. RIHELLR
ALFETE R ) _E AP HERR A TH_E BT P S BB/ — T, BRI P R I R TR K
BE-HEEDFEEE T A ZE R . ERXNPR, BRI MRAERE, XY,
RATRA B SRR AR BB AN WS T O 2O B2 M . BRI R B T A m K
i, FUHE BN EASREZFENE. BARMNBREZUIIT n M EALR, FLUAHEFE
O(n) BT IH]

TEHMHRBERT L BE, EF - BMEL, B EENEALRLIKE
REABANZE . EEMERNRERE-KEEM, E0& - MEERNE, ATALRB, X8,
AVE e N RME, HRELYBFE—RKENoKIME, EATRAE/NKM, RIEFMHEEHD
BEEMHEMERME. HE, —BREXMHEL, FAEERERCHBCEDRLE. BARIMFER
HBEREF r—p+1 RSSO E B M, FTU—-BEHAT r—p+ 1 N ERLST, BEBTU
k.

MERGE(A, p, g, r)
m=q—p+1
m=r—gq
let L[1..n,+ 1] and R[1..n,+ 1] be new arrays
fori=1ton
L[iJ=Alp+i—1]
forj = 1ton,
R[] = Alg + ;]
L+ 1] =
R{n,+ 1] = o

i=1

WO 00 N & U W DN =

-
- O

i=1
fork=ptor
if L[] < R[]

—
w N
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18 -« F—#a E@mif

14 Alk] = L[]
15 i=i+1
16 else AL£] = R[]
17 j=j+1

8 10 11 12 13 14 15 16 17 8 9 10 11 12 13 1415 16 17

1 2345 1 23 45
L[2]afs]7][=] R[1]2[3]6]]
i J
(@ )

8 9 1011 12 13 1415 16 17

(c) (d)

(e) (€))

(g) (h)

8 9 10 11 12 13 1415 16 17
4 ~[1]2[2]3[4]s[6]7]~

B 2-3 MFE AL . 161 5FE (2, 4, 5, 7, 1, 2, 3, 6)AF, #EF MERGE(A, 9, 12, 16)
% 10~17 FTH08E. ZEERIHBANER, A LEEQ, 4, 5, 7, o), 4 REGE,
2, 3, 6, o), A FHERBHMNERSTEININELE, L MR FHRAMMEBESEFTH
ZHEAKME. 57—, RAKMEERBSSERAE AL. . 16]FHEMHIHE, Af
KRR B ARSI EENE, LR PHEFARMBLSCHERIEA ME. ()~
TS 12~17 IFEFR B RERZRT, BHA. LARURENSEN TRL, i flj. (DK
IR MBS TR, XEF, ALS.. 16]JPMFRABSHITF, L MR PHFHANHEREXFH I
APNERFDNREEHIE A KTE

17 MERGE W4 TAERRBINT : 58 1 TR T8A Alp. . o JWKRE n, 5 21THETHA
Alg+1.. I KE n . TE5 31T, RATBIRKEDHIN n +1 Mn+1 BB L M REERH™),
FAMPU PN BRI . 5 4~5 171 for IR T Alp. . ¢ JEWIBI L[ . ], 5B
6~7 171 for JEFHFHUH Alg+1. . BB R(L. . np . 25 8~0 M RN E S L A1 R K



$2%8 HixEw

B. % 10~17TE/R7EE 2-3 1, B3BERUTEARER, PIT r—p 1 M ERPEK.
EFFH%E 12~17 47 for FEF h B R A R B, FHE Alp. . k— 113 /ANE AW W5

&4 L[1..m+1]f R(L .o, +1]90 W k—p AT E. # T, L[ RIES B A

ERAPABEAFERL ARNRDITE.

WATSIIEBALE 12~17 17 for EIRME - K ERZ N EBEHAAERBL, REFHERE
RBFZEAER, FEBARIER, ZAERBET —FE A EFERIEH EfE.

WL BIRE—WERZA, F k=p, FFUTFHA Alp. . r—11Hh% . INMEHTFHA
A& LMR B E—p=0MB/NTE. XENi=;=1, Bk LL: ] R[j JER & B FiERA PR
BEF ESA A WB/NTE.

R B THEESKERBEREFAER, HEBE LLISRL], X8, LLGIRKRHEE
HIEEAE A KB/ITE. BEH Alp. . k—1]8E k—p MBRU/NTE, FTLES 14 47% LLIE #13)
AlR)Z G, TEA ALp. . K IBEE k—p+1 ANM/NTE. 3N & FE E for TEIRHEFOM < 19
BHES 57E, I TREREFEL TREFRAER. RZ, & LLI>RG], M5 16~17
AT IE Y MR SR BRI AR

%k, Rk A=rt+1. BE\EARER, FHRYE Alp. . k— 11512 Alp. . rJEEM/PNBEIRH
IR E L1 . m +1]JF R(1. . o, F1]H ) k—p=r—p+1 P B/PTR. HHL MR —EAE
mtn+2=r—p+3 TR, REIMBERHTRUSS, HMAEFATEBCHERERL A, XM
MR RHTGERREE,

K T HfF:3 2 MERGE KB 1TET LR O(n) s Hf n=r—p+1, HEEB, 5 1~317M% 8~
1 IFHHETREERRE, 5 4~717H for BRFE 0(m +n) =0 WEE®, FHH, §
12~17 171 for TEARA n YER, BRERTEE BTN,

MERMTLUELE MERGE i A HHHEFHEEP WA TFRFERA. TENIRE
MERGE-SORT(A, p, NHFFHRH Alp. . rJHHTE., & p=r, WEFHRABEE—ITTE,
A &HFT. BN, HELRERMITE TR ¢ # Alp. . BB ANFHA Alp. - q]
MALgt1..7], WEAE I/ 2NTE, FEEEI/ 2N TES.

MERGE-SORT(A, p, r)

1 ifp<r

2 g = |(p+n/2]

3 MERGE-SORT(A, p, ¢)

4 MERGE-SORT(A, ¢+1, r)
5 MERGE(A, p, ¢, r)

)bTﬁFJ?%’I‘F??‘J A= <A[1:|9 A[2:|v °ty A[":D’ ﬁ"nmﬁmﬂﬁﬁfﬂ MERGE-SORT(A, 1,
A. length), XBEWRA A. length=n, B 2-4 HIKEA LHEA T 4 n 8 2 WERZIREBRE.
BHRAUTREAR: 3RS 1 TNFIIMERKER 2 WHEFFRFS, SIKRER 2 HF
FINTE AR ER 4 BHFFRFS, KT E, EBRER /2 RN FIISEHRETERKE
2 n BHESF RO FFS

© HEHFIED, RIBBEAMITEHBERLE 0IE5H%FK.

© FHALBRARTRET 2z WE/MES, (BAPTRET 2 WEAEH. XEIDS7ER 3 TEPEL. BRIEE
a BH o+ /2= H SRS B R [n/ 21H0 Ln/ 2 FHA Alp. . 180 Algt+1. . BB B T LR RYE p F -
ABPERBESANEETRH I 4 FES.
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F—#a £ # iR

HEF P I3

/A /A f,a#x /A
[4] 2] [E

W%ﬁﬂ

B 2-4 JAHHEFFTESH A=<5, 2, 4, 7, 1, 3, 2, 6) FAOHRYE. MEEEEH
I R, A A B HET R A B A BE R W n

2.3.2 SHaEaEE

- ANEREEXNEESNEEREAN, RITEETUARBAFESHEARRERELET
BfE], R BAREER/NAA LB TTE RERFEREIER » R LK SE1TetE. R, %Jz
fIT7T RAGE RS T BSRSR A 2GR A RIF A BRI R .

MREEBETRERRERE A EAEAN =BT, WRTATR, BRITBR TR N
n —N A BREITEE . EHRERE RSN, WHENEER o n<c, WHEBERBEETERN
&, RITEES/E 0., RIZIEIRRIBMIFBE o« N FEE, FAFRBKIERERBK 1/0.,
CHEFHHETF, a fo R 2, R, RITEFREFSMEEER, a#b) R TRE—MHER
n/b B FRIEE, TE T(n/b)KETIE], FrPATRE aT(n/b) AT EIERME a NFRIE, IR 0E 1 E
B F I EFEE D), & 3FF 8RR SR R B %R EZE Cn), BABRBEIER.

T = {@(1) Falc
aT(n/b) + D(n) +C(n) H Ak
HEE 4 EP, RITEFTRIMMAREXEE RKREAR.

BAHHFEERS R

B4R MERGE-SORT B ETLTENBEARBH W ERM T/E, HE, MEREE
MR 2 %, AETHEAXMNIITEEEL. XoFEAN 85 BT ERAERISF A n/2
KB FRE. fEE 4 FE, RITEFIXMRRAR WEAXEHERELR,

TERMNSFESLIFFHTF » MRFERZETEE T RMEIER. BFEEF—1 g
TEFEME., 48 n>1MaEE, RIOTMBSITHREILT .

S ABSERUGTEFRAMFRRME, FEFERE, Bk, DH=6e(1).

Rk . WATEITHSRBFH NI A n/2 HFRBE, BRI 2TH/2) KBFTE ] .

&3 RNESERIAE—NEE n M TEWTHE L3R MERGE BE 0w HBt |,
K C)=00,

2% T 4T AFHER IR RS D(n) 5 Cmamet, RITRER— 0 EHEH—1 6
RPN, FIBAR n —DRMEREE, B oM., BB S5kA“ER"SBRIIN 2T (»/2) /M,
W44 HIAFHHER MR INE BT R T BE K

e Fan=1

T = {ZT(n/Z)-i-@(n) #n>1 2.1



5 4%, RIVEBI LT, TEHREHEIIEY T W 0(nlgn), 3 lgn K% log, n. B

$28 HExE#

HITPRP AT ML KPR K ENR, FTUXEERNAA, EBRELT, BTHEN 0nlgn)

M HE PR T BATREL R 0 KIBAHET .

AT HMBEEEEAR C. DRFIT 2R T)=0((lgn), RIFEATEREH, B3

K. DEENR.

c

T(n) = {

TRHET S

B 2-5 ER T TR AgBIAR 2. 2) . AHTERL, BENFE 2 MR, B H>ER
T T(n), BEDBLBY RE—RELBIAXNENH . T cn BRRGEBAKTZ TN
), WHFRFHERNB/NNRER T(/2). (OWSERTEBLY R T/2) B8

Fn=1

2T(n/2) +cn #n>1
Ho# & c RERBIAER 1 WERBHFENHRBIURESBERSSH S REBENBHTER

(2.2)

o, EEZBBAY, BNTERPENFRARMER cn/2. BATEDHEF 578 5 E I

RETHE B LRI RESEY BN PRENE S, ERREMETES L, 8/ TRERE

T(n/4)

R c. (DIMAERTHRIBEAB

T(m) cn

n2)  Tnlk)

(a) (b)

T(ni4)

[€))

cn

N

g
3

cnl4 cnl4 cnl4

’
i

'

'

(d

ANINANL

cnl2 CRI2 wssssssssnssnsnsanifie:

AVYA

cnl2

/\

T(ni4)  T(nid)

BARAM: onlgneen

B 2-5 XBEKX T =2T®/2)+cn, IAME—RBER . QFSER T, BEED) ~(D)
HogZELY RUERBIAR . DI, TLY BT HRRIEREA lgnt1 E EIMEH
N, HEER g, BEETMEAYN cn. L, BRMH cnlgnton, EHE 0(nlgn)

© MR R—BR T AR BRI RS 1 WRERNE T XRRELR SRS AHSREBENFLTEK
REfIE] . BB ¢ X EAE R BRE AN R KBS BTN RN — A LR, REELBE R
PN R BN FF AR A BB IR 2N 4 B AT R — AN TR RATAT DA X AR, B4 A AR

£ rlgn, HE—RES HBTHEN Onlgn).
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37
l
38

2 -« H—i#s E@mig

BE, RIEFIXENOESENHTERMEM. TREE SRM cn, T—EEABRHM
c(n/2) +c(n/2) =cn , T—RRT—RBEEBRN c/D)+cn/D+cn/D+cn/4) =cn , &
%, —BOR, TRZTHE  BREZANER, BIMERTARRM /2D, Bk, TEZ
THEE  BEABRM 2c(n/2) = cn . KREA n MR, BNMEETRRMN oo ZEHER
#Hrh cn,

E 2-5 R AR ERERECH lgnt1, Hb n BHE, XM TFHARE. —FIERERLHA
ISR IEZEIE . n=1 R AELRFR, XNNRAEF—-2F. BHlgl=0, FFLIA lgnt1
BHTEBRNER. EXAHERIER, REBRREEA 2 MHEBARNGEECR g2 +1=i+1(HXN
Xt i BAEAMEERE 1g2' =1 . FEARMNBEMAMER 2 WE, FTUT-1EZENRAREER
2, B n=2" P — R L EA 2 AR ELS -2, IUREBRENGHD+1=
lg2itt 41,

HTHEZERAKXC.2DORRHEAHM, RIMRELSEZHRMmER. BENEE lgnt1
B, BEHRNEH v, FTUABRM I cn(gnt+D =cnlgnton . BEERTRMER cEALT
BENER 0(nlgn),

%3

2.3-1 {HFAE 2-4 fERBER, BAEBHAFHERRESH A=(3, 41, 52, 26, 38, 57, 9, 49) kY
BiE,

2.3-2 HEE IR MERGE, XA #AWE, ME2—BHA LFKR WHETEYEEHEA B
SAMEIE, REHES - EAHNFRIAEHE A,

2.33 ERABFPANEUER: X iR 2 WEN, DTEAXMEE T =nlgn,

T = 2 EFn=2
2T(n/2) +n #En=2¢k>1

2.3-4 RATATUIBHAHFRA NN TH—NBIESRE. BTHF ALL . o], RITBEIFBHEF
All..n—1], RFIEALBABHRFHEA ALL . n—1]. AEAHEFHXAEE RS
KBRS BB 1Ta RIS — MBI,

2.3-5 [EFHEREBEGELEY 2.1-3), ERE, WREH A SHFF, STUEXFFIRF R
5o #7HE ., BBHBENER, FFFPE —LRTUASAHBM#H—-BPHERT. =
SERBEFEEXNMIR, BREEFIIRRTLSOMERE L. I Z4ERE HERR
WSRO, . —AERHEREREITHES 0dgn) .

2.3-6 BFEF 2.1t INSERTION-SORT HIZE 5~7 47 H) while fE3F % Fi — Fh &R - 2r 36
RRMBRHEHFFHFEA ALL . j—1]. RITTUFEA—2ERGS LGS 2.3-5)
FICHBAHEF BB LSBT ERH D] 0(nlgn) 5?2

*2.3-7  #R—NBITEER Onlgn) B E, A n MEEMNESR S A —1MEHx, ZRELEE
WiE S P REFAEFNELMRGT R z WTE.

BEE

2-1 (EEFHATHIRARABEARF) BREFHFHBAELSITHEN 0(nlgn),
T AHEF BB BB 1TE B O(7°) , HEBAHF I HBE T RBERETE » B/
B, 7EFZHE EERBITRER. Bk, EEFHF DY TREZRRES /M, RAHARE
AHER R IT M R A B M. FENAFHF R —FEE, KPEREA#FER
HFREN W n/k TR, REERAREREHNEREIFXLTR, KB LRI
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$2E HixEw

E HIfEL.

a. EH . BAHFEIFE R LE 0k B B NHEF B MKER & W n/k 4~ F&,

b. RIEBINER T WAL O(nlg(n/R) BRI A FHXEFE,

¢ BEGYWENEENWERERBITHNER 0(k+nrlgn/k), BHEBBURHEL SR
HIREHEF B A ME MBTTRE, 16 » M—A R, fEB) 025, k WRKERM A7

d. FELERA, BAIBLZIMTESRE 2

(FaMAes EmL) BUHFRE-MRTERBNHEFELE, ERERRRERZHRME

HIRIBRFHESI TR

BUBBLESORT(A)
1 fori = 1toA. length — 1

2 for j = A. length downto i + 1
3 ifA] <A — 1]
4 exchange A[j] with A[j — 1]

a. {Bi% A'#7R BUBBLESORT (A) f#fi i, & T #EH# BUBBLESORT IE#§, RATLHHEH

ERLILFES:
ANI<A )< <A [n] (2.3)

K n=A. length, J7TiE8] BUBBLESORT #L5E M T HiF, RITEFEIEHM A7
TEAEBSHIEARER (2. 3),

b. K% 2~4 171 for EIEH UL —MEFRAER, FHIERAREF AL . VRIIE
B BL I A A E 45 TR IR AN 2R SCIE B I 4544 .

¢ FHAMMBSIEAMBEARALNMKIEFZME, RE 1~4 171 for JEI YA —MEARAZE
Ry BEABXBFEIREBIEARER (2. 3) . IR R AT P 45 i G RA 2 RE
BN .

d. ERHFHERBREITREREZS? SEAHFRETHEMEL, HKtEagin?

(E % (Hormne) MR 64 EAH) BERE a0y a1y -y a, Mz BE, KRB

1 y=0

2 for i = n downto 0

3 y=atzey

ELHTRATFRELZTR
P(x) = Eakxk = gy, +x(a, +x(a; + -+ + x(a, +za,)))

BB .

a f8B) @15, THEHMMELL AL BIKETTH EZE 7

b. HEWRBEREAPRNSIARMEREE, ZREENLTHRITESIANENT. ZH
BHEfTRER S SEAMNARLL, s

¢ BEUTHEHRALZN:
FESH 2~3 17 for [EIBRBAHIT A

n—(i+1)

y= 2 apin 7
BB T ARENET 0, WA 4 BB A BRI 5, XIS
FAERAAEPL LA y = Zax
A SRS TER 4 AR B MR 1 B aor a1» s o) AIEBIZ TR M.
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244 (EA) BIRALL . nlR2—ME n MAFESEA. &< BALISALG], WXHEG, HDFER
A B— ¥ B Xt (inversion) ,
a. 7'Jt|:i§5(2ﬂ(2, 3, 8, 6, 1>H4J5/|\ﬁF-FXﬂ'o
b. HEE{L, 2, -, n}PRTEBBRRFABARERZHFEF? EEESLHWF?
¢ FBAHEFHETTHESEMARE S E RN HEREZRIRMAAXRER? IEHRKMEZ.
d ZH—IHEE n MITENEAHFI P EFNHENERE, BNERTEE 0(nlgn) i,
(R BREEHRF D

EEFi

1968 4F, Knuth ®# T 8B NCGHENRFERITFEARI209, 210, 211 ] =HFEPHE
14°, %1 58519THRITBENBEERENTR, GZRETSITHEINST. SFXEAHKNES
FE, X3 BEEMRARARS | AMAAEMENSE R, KB Knuth B3, “BER7XMaE
BT 9 48— EHT R K 4 7 “al-Khowarizmi”,

Aho, Hopcroft #1 Ullman[ 5 J{2{B# A% 3 ESIAKIES, G 025, WERMEHLST
Yk bR P B I —Fh vk . AT HES ™ T (I 2 RS 1R 19 Bk f0 B 4TI ]

Knuthl211 R T HLSHFEEN—FER2BUNLHE. &R HEEFEEN BT
KRBT SE, XRORMTRATX BAHEAHEF 247 . Knuth 3445 A HERF 893+
WHEEZEENILMEE . RPEEZEARZM D. L. Shell £ 8 Shell HiF, X AFHIHE
WUTRIGERABART, SRERT —MERNHEEFERE.

Knuth B#R TIHHHEF . MRBIZE 1938 EMAE AR T —FMIREEFEE, fHE—#
HEHFHAFEILER . HEVR2KEKZ — J. von Neumann BRF 1945 E7E i+ H EDVAC
ENAFHEFHRET—IBRF.

Gries[153 iR TIEHABRF IEHEMN BRI 8, BRI E —FXEFZT P. Naur,
FHBRFEARAERIFITF R W. Floyd, Mitchell[256 198 5 B A P iR TIEHBRF IEF K —L

EHHHRE.

O GHENBRFTHEAREE 1 £55 3 ISV EIRE AR T iRAt AR, ISBN 978-7-111-22709-0, —— 4548
O GHEHNBEFIETHZARYE 3 £ 2 FECHEIRE YR T HARAt AR, ISBN 978-7-111-22717-5, — 438
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Introduction to Algorithms, Third Edition

ZIEA iR RS

% 2 EhE LB RBEITR A KB RmZE T HERE, HEEAFRIT LB ®
BHHAEERE. — BMANE n BB EB R, BINERETHEN 0(nlgn) WIAFFHF# R
BIRERBITHIES () AR . EWMRAIFES 2 EhXIE AR TN, BRAERHRM
SEBHE— N EENERSTHE, BEREEFAFEBENSCKRIHBEECURBERANEE. X
FRGKKEA, KRS 1TE R AR5 5 B AR 00 A AR 5 i e B X e .

UMAMEREGK, FRAFETHEMNERERE XN, RITERRTEENEENE, &
RV, W10 MMAMBETTRIG M, AR, BB THIE TSR ARE R X
TN, EE, BEE AN EXT RN AN T B R B Rk,

AEELA W TURPARYE T B R AL B B O BE M. T — W e ULK“WHEIS”, Hb, &
fIE2IM— I PIFROIES. RE, RITAERFFHEANILMIESAE. BE, RN
Bl — TR A 8 LS T &t h.

3.1 #nEidS

FAR AR B AR 1TE B E SR IEE SO B REE N=(0, 1, 2, -} REOREX.
XEEMIESSHRBEIRBERSITH A EH TORFEN, B ZESEE RE LEEEH AR
BE. R, RIOIERGRESFHGTRNEASELICESRTER. Slin, RATTUT BiXICS 2L
BoREH B R B B R — N FE. R, RIOIDOXFREEEFZICS RS L,
UEAEEANASRATE. A TEEX—SBEANEHELS, N E—SE LS.

LIRS, HWEETHE

EMRNBHAHFWBINE BT E RN 02 B BREE, RAITE FEMAINLIESRER
BRMEfTaE. RW, SHEidSERENATER. BB—T, RITSEHEAHEFHERER
BITHEZIE R an® +bntc, HFa, bl c RER. BIEHEAHFNEITEER 0G0, Bl
BRET ZRBMFELAEY . BREHEICSER TR, RIS RKN 0D SR ER an® +ontc,
B A B R ELRE TS ZIE T A HEF SR B s 1T i ] .

A F ot H AT FEHLIE S R R B0E ¥ 2 E B ST E . EREHEICSETLER T
EEEMEAN LA E G, B AN REER MRS, HEZEALIERTMEREE M
R RH.

BpEE R AL IE SR A BREMEBTHEE, RITUTETHEERABTHE. &t
BATT BB BT RN . R0, RAIVEHEFEZEEMAMARNBITHE. BaER, &
IEEFEMHE —FME S E ST RAT AU R R EFRNBFRER. RITEEIZLES
ZI BT A BB 1T R ¥HEIE S .

0its

B 2B, BOATEAFFHEAELBTHREN T()=0(n") . iL&RikE XX MBS
B4, H—MAERER g, B O(gm)RERUT 2kes 4
Bgm) = {f(W) . FEEFEE .o Fn, ,EBXFA =, A O0< cgn) < f() < gm)}®

© HEHREILSH, BERE MR,

(44
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%ﬁﬁﬂzﬁ'% a Me, ﬁﬁ%ﬂﬁ‘)ﬁﬁ@k% ny @ﬁ f(n)ﬁﬁ“i'é/\”clg(n)'—ﬁ cZg(n)Zl'ﬁ] ’ BI'Jf(n)
BTFEAR 0., BN )R- ES, FURLLE“f(n) €B(g(n))”, LR f(nL
B(gM)MEF . ERER, RITEFIL f(W=00gn))”URFHFEWE S, BARNHEXH
FRERATER, FFUMRATRRRBEIER, HE7ESTHEERITEE BHXEMA Hirkt.

B 31@BH TR (5 gW—IEEREE, P f(=00gmn). MEn REAH
WA E, fMPMENTRET agBMNTRIET g . HAER, XHHE n=>n, B (0
E—ANEEETHET g . BRIV g R f(n) l—NEHE B 57 (asymptotically tight bound) .

c,8(n) cg(n)
fn)
A An)
cig(n) cg(m)
- n . n i n
ny e ny
Ln)=0(g(n)) fin)=0(g(n)) Ln)=Q(g(n)

(a) (b (c)

31 8. OMQIESHWES., FEBNHD, WM n WERB/NYTREE, EMERXNEREE.
@OIESHE 1T BHREFRBEEAFH. WRFEEEE v, o Mo, FREn REAH,
FOBEBMT agE gMZRIBRETEN], BAIE FW=0gw). (DHOIBSHEH
BHE—NEEREFANLER. WRELEEEE n M c, BEn RELAEH, FOHEENT
RETF cgm), AL fW=0(gm). (DQICENEHLHE - NTEERBETFANTR. NRAE
EEHR n flc, FBER BHAHR, WHEBKTFRET g, BPAIE fW=0g®m)

B(gmMEXERE MR f(n) €O(g(m) HF#TEIES, BIY » BBERE, f(nIEM,
(¥HE IERFBLRX A BB KK n HAEM B OB, BB A HBRHEIER, FTUR
& 0(gm)AZE . FURIMNBRRAE 0L 5FHEN REHEEER. XNMBREXMNEERE LK
HAbHELIE St

TS 28, RINABT 0iCSH—FIERLMBE, XTI HMEE I H 2 0 5 5 B 5

AR, IERIE YRR SUET 3o —3n—0 () RMEMIELIMER, Wik, R
MAFHEERR o\ o e, BARIPAH n>m, H.

1
art <=t —3n< et

2

An BREXB.

1
2
WA ERAEMA ' . =>1/2, AUEAERMAEXNER =1 WERSL. R, BLEFEAHE
' o <1/14, UEZLARARERNEM =7 BERL. B, #35%# a=1/14, =1/2H

n=T, FLHER 5 —3n=0CF), MR, BAAMKLH RIOHLEE, BREBMAFAL

a<< _%<Cz

A, ERENR, KRBT ER L2 3 RT 06O MR ARIENBERFN A,

RATEAT LAE AT R4k SOREH 672° #0(7?) ., RFARIEY:, BIRFELE ¢ Mony, HEXET
B n=n, B 6n*<cn’. RMA 2 BIER, B n<c/6, B IEER, FFUMEREKRKE 7, &
AER R RERLAT



FIE HYEK

HE, — UL ERBE R TES E WHE T AN T IR, EAXNKRE », EMIRE
REBER., ¥a8KN, BESEHIH— RN IMEUAIEFERBT. Bk, ¥ q
BRAHDTEBHRRBKEIE . BEAMKTREHT RN EELS 01258 L PHAEFKX
BREWE . ZRHARBFRRET LSRR, RHAENURE-ISTRRENEERTREE o
Mo

ER—ABIT, BRERZRE f(W)=an’+bntc, KH a, 6Mc BAKRH >0, 1)
RERENTOHBBRERER f(D=00") . ATEAHIERMRAIKELEL, RITRER o =a/4,

c;=T7a/4 B no=2 + max(|b|/a, v |cl/a). TLLIEBAXFRE n=n,, B 0<cn’*<an®+bn+c<<

on’s —BRYL, MEBZHK p(n) = Z}am" » HH o, AERH a,>0, BRATAE p(n) =0

(ZREBE/E 3D,

EAEREER—IOHEHR, FUTUBEREERERAR 0K ). KRifi, &
—FCER—MBMMIER, BN ERBARIFREEA2EBRBTES®. RITELEGERTS
BRBHE—-NEERERTENEEN— R B

(OB 8=

QICEWHEHAH — N EEM EAMTR. ¥IE-EHE LR, FHOIES. T4
EHEB g(n), F Og(m) GEIE“K Og(n)”, HEHURIE“Og(m) ) RERUT BEMES

O(g(n)) = {f(n)ﬁﬁiﬁﬁ cin ERRFTAn=n,H 0 f(w) <cg(m)}
BAMEA OILSRAHBEN— M EFREFHANLER. B3-1(DEBRT OiILSHEEHEREM
W XE ny BEEHMEFEE n, B fWHEENTFEETF g,

BRANE f=0(gm) LUFEHEE f()BESR O(g(m)HEF . BE, fW=0gn)HKE
f=0gm), BH OIESR—I OiESEBNMS. HESBPHNEE, BRITE 6(g(n))S
O(g(m), EHIt, XFEBRZIKEH an’ +on+c, Ha>0, £ 0D PHIEABIEH TEEX
BRI R BEAE O ) h, tiFEAANRHFHRY a>0 Bf, FEEREH ant+b WEOGE) H,
BB c=a+ | 6| Mn,=max(1, —b/a), AUBEZIEHXNLEE.

WMRERUFAT 0185, HRERARNMXBERE A n=0*)REFE. X, AR
I&B OB SR RIFEH R, HNERHEH OICSEXNAET., R, AHPYEE
F=0(gm)Et, BRIMUIER g WENEEFHERE fWOWBHE LR, MAERERE—F
ZLEHN ER . EEEIRT, RENBERXSHNIE R SHHEHRA.

A 0IRS, WAVE B UUUE T 25 3k 0 SRS MR R B B 1B 178 ). #lam,
%2 EPBAHRFEENNERE/BASGHN B ERBITEE S BIEE— OGO ER: K
BREAGRERHR/NL OO ER R ER, Tiriflj BBEH n, WTF 24 i M) EFHE
—3t, WEARRSPIT—K.

BER OiR5HiR LR, BAYKAERBHEENERBRETHEIN, XTFTREEEES
A LB TEE, BATRAE—R, XRBENEIHENESERR. FHilt, SHEAHFHORIFE
BB TR R R O(®) 1 A FREEME MR ANBITHE . /T, SHEAHFORNERE
IR R () FERBERBAHF X ENRANBITREHFER 02, Hlin, RIITES 2
EEEILMACHIT R, BHAHFRBTHER 00,

MNEAREE, HREAHFRBITREN O)EEAEE, BINEAEN n, LREKEBFTH

© HEMRERERKEFICSHAX SRR T REE. £AREd, RENSBEHERENH. B2 THE
Boan.n?y, REEBEHR Ar- 7. R, RA—FEHEICSHERBBEL L, FURMEEAZXF
&R
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ERZR, K THRER 2 WIFERA. YRR BITEEN O, BREFE—
O WEH f(n), (HB5 »n WIERME, AEERBEMHAREHIEN » A, HiB7rEKE
FER (. XURBREEFFREZITEEN OG0,

Qigs

EMOIESRET - MR HELR, QICSRBETIHETR. MTAESHEH g,
A Q(gm) GEFE“KR Qg(n)”, BBHURE“Qe(n) ") RFRUT BBEHESR:

Qgm) ={f):FEEFE cFn  FEBAFTAn=n , HO< cglw) < f(w)}
B3O T QIESHERBRE, XNEn KEABNFEEn (MWOWELSRTFRET
cg(n),

BIFEHMEIANXLHINEICSHNEN, AHIEFUTEEEHR (BN 3.1-5),

EBE3 1 AEEANRK fWF gn), ZMNA f(D=0(g), %BRE f(W)=0(gn)
H f(m=0(gn)). n

YEAMN AR —NMIF, XRTFHEZER a. bFc, P a>0, FHan’t+bontc=00?)
FHE BT an’ +ontc=Q0D) M an® +bn+c=00n?) , LR EARARBZBF PSS, N
FEH 3. 1 NBUEHARBEE AT R, MEERHEASELRAMTRRIEHEERA .

MHFR— BB R (BB RN Q(gm)E, BRITERENSEAN nfE, REREBH 24
EEMMA nthiN, RE n BBR, NPMHAWSITHRRBIZDR s WERRE. SHH,
BINBXN—NEEWBIFER TN EAH —NTR. fln, SASEFHRTFERETE RN
Q(n), XBEWEBAHFRZITHER Q).

i A AHEF BT R F Q) F O(d) , HANEEA n MR EE S n B K E$ 2 8]
AR . TH, PRI ERY . fl, SASFHRETHERRZ QG0,
HAFEE— AW, SmACHERFRD, SHEMmA, HAHETFE O RBENETT. R,
XEHRBAHFHEZRE LBITREN QW) HATFE, BARE—TEA, FHXEEEES
Q@n?) Byt

EXMAEXFHHIEIZS

RIMNELFIEHLICS AT AT FH2EAR T, flin, EHB OiLSa, i2“=0x")",
RINTEEEE i 27° +3n+1=2A"+0(n) , ITEBXRER AR IB?

LEHEIC B M FER(FAER) WA BIRE—-ITERHAKPDE, WME =00,
RINEZENSEBHESHRARXER: n€0(?) ., R, —BRUE, YILICSHAEES
ARFE, RITGEBERARBENRNARELZHRHEZ B, A, &KX 2n°+3n+1=
20" +OM B 2nt +3nt+1=2n"+f(n), HP f(WRES O FHE B, EXNHF+F,
B f(n)=3n+1, KEPHHEE O,

X R REAEHEIC S U BER— N EXP R EENA T 5RE. i, #F2&E
o, RATBIEHHEF M BIR B a7 [H FRm R 3=

T(n) = 2T(n/2) +0(w
TR A5 T(n) WBHEAT RS, ABRELERERUAMARNT, ENB8EEmI0SE
B O(n)FRRHER BB P.
—AREIRAFELGRENHEETUHEMBNETEHECSHAMKRE. flm, ERERX

20(:‘) H, AE—AELER(—1 i WES0. Bt XAEBRRATF 0D +02) +-+

O(n), Ehr LEEBA —MEWER.
EFREH T, BHEICSHAESRMAD, Fl
2t +0(n) = B(*)



FIE HHHEK

RAVERUTANRBRXER: AREHABTFTLARNEL A, $A— Rk EEFTA
BHELEBEEFXRL, FHlt, RITWOAFEEMEERE /(D €O, HFEEAMEHgWE
8G), WIBXTIER n, B 27+ (=g, BER, FRA0 DR AR,

BATITLLE XN X REE—R, i

27 4+ 3n+1=22"4+0(n) = 03(2)

A AR ERHN SRR ER. F-NEXRUFEEAEH f( €M), HHEMFEK
n, B 2nt+3n+1=2n"+f(n), HEANERRIFMEE R g(n) €O WRIRIREIW f(n),
FEENMEE AW EBWD), HBMEIEN n, F 2r+gw)=h(n), TE, XMHRRERE 27"+
3nt1=0("), XMEERNFEEN LRBELARITWARTE.

oigg

B OiCSRAMEHE LR TTRER B TRARIEEHN. F 27" =0G)) BEHALEHK, H
BA 2n=00") AR, RIVERA o it SkBAR—TEIEERW LR . BRIHE XL o(g(n)
GEAE“/D og()) AUTESE:

olgm) = {f): HEEEEE >0, FEHEn >0, E/NFTAEn =, B0 f) <gn)}

Blan, 2n=o0(n®), {HR 2n*F0(n?),

OB 50 i5HEXHEM. FEMXFIRTE f(W=0@m)H, FOSf<cg(mIFFEA
HE >0 WAL, B f)=o(gm))Hf, RO<F)<<cg)XMHAHE 0. EWE, 7
0itSH, YnBETIFH, B fHIMNT g)RIFEERHARET, B

lim £$2 = ¢ G
oo g (1)

Az B X AMRRRYER 0 RS HE X AT rE SGERE E S RPEIHEIER.
ARGE=
witB5 QIEEBHXRERUT it 5 H5O0IETHRER. BRITEH o L5 kFR—IEHIEE
BWHTHR. EXEH—FTRE:
f() € w(g(n) BEHRY gn) € o(f(n))
R, BANIERILHE XL w(g(m) GEVE“/D wg(m)”) WU T HEE:
o(g) = {f() : HEEEFE SO, FEFEEn >0, F/NAHFAn=n, HO0< g < f(m)}
B, »*/2=w(n), BE72/2%0(n’). KRR f)=w(gn))BHRE
lim () _ o
oo g(n)
WY, WRXMEBEE, B2 Y nBTFIFEE, fOHENT g RREBEEKRT .
EE B & Fh el £
IHMFZRAFRBUEATHELE. TERE fDF g EHERNIE.
R,
f) =0(gw) H gn) =0h(n)) HEH f(n) =60HGLmn)
f(n) =0(gn)) H glw) = O0h(n)) BH f(n) = Oh(n))
fm) =Q(gn) H glw) = Qr(m)) HE&E f(n) = Qh(n)
f(n) =o(gn)) H g(n) = oh(m))  BH&E f() = o(h(m)
: fm) =w(g®) H gn) = wh(n)) BE f(n) = o(h(n))
BR%:
: f(n) = B(f(m)
fn) = O0(f(m)
f(n) = Q(f(n)
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xR
f() =08(gn) YA Y gn) = O(f(w)
BRI
f) =0(gm) ¥ HR Y gn) = Q(f(n)
f() = o(g(m) YHR Y g(n) = w(f(m)
B g ixX S R B R 5 BSL, B PAWT AZERIAN RS f 5 g BRI N8 a 50 19
HBZ ER—FpAE L
Ff) =0(g(n) XMUTFa<b
f) =Q(gm) kL Fa=b
fn) =0gm) (MUFa=05b
fm) =o(gn)) £Fa<<b
fm =wlgm)) £-Fa>b
& f(m=0(gm), M fWFENF g(n); & fW)=w(g(n)), MFK fWFEKXTF gn).
R, STH T HERA B BIWEIE S
=59 HEEHANAERK aFb, THAZHEART—FLARL: a<lb, a=b, HK ab,
BRERWANLEHI AT ASHITHE, ERARFAEHRITH LR, B2, AR
FF gln), Wik fFW=0@NF fF()=Q(g(m)EABIL. Hln, BAIAREFERAIEICS
SR LLEBRE n M n' o, R 2T RMEAE 0 5 2 S, A TREZRIMFAHE.

%3

3.1-1 B f(n5 gEFRHHEIES R, FH 0185 HEAE SORIEH max(f(n), gln)=
O(f(n)+gln),
3.1-2 iEHR. X‘f{fﬁi#ﬁ afob, E':F >0, ﬁ
(n+a)® = ") 3.2
3.13 BRI AEE ANBITHEZELREOW )" X—RARRLTE LW,
3.144 2""'=02")WILG? 2"=0(2") B3 g7
3.15 iEBiEHS. 1.
3.1-6 B . —MNEEKETEEN 0(g(m) S B{USHERBERZTHEN O(g(n), BHE
BB BiEfTEE A Qlgn).
3.17 iEH: o(gm) Nwlgm)NZE.
3.1-8 ALY BRIICSHERNISE n fim BIEE, FHPH n Flm 7] LIRS [E) 3 3200 57 i
BTEF. MTEERERE g(n, m), FH O(gln, m))RFRLLT BHE:
O(gn,m)) = {f(n,m) : GEEE B cono oy EBHFTAEn=n B m=my,
HO0L f(nym) < cg(n,m)}
Xt Q(g(n, m))H O(g(n, m))EHAHMBIE L.

3.2 HRARRSEEREN

21K [ — SR R R SID SRR ENZERNXR, B4 RRHLESHMA.

RiEk

Hm<nZHH f (<), MR f()RBFBEB. BB, Fn<n HW f ()=
f), MEH fHRBBERAMN. & m<nfWB f()<[f(n), WEH f(DRFEBEH. &
m<nZZ® f (m)>f(n), WEE f() BFHREIEEHKY o
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B TRESH EE
WHEREH z, RITALz |RARN/DNFHET = WERRBEHRGERE - WE TRE”, HAlz1R
ARFHET z BER/PNER GEE x By LRE”) . XE L <,
z—1l<lz]<zs<[zI<z+1 (3.3)
Xfﬂfﬁgﬁ ny
[n/21+ n/2]=n
X‘ﬂiﬁiﬁ =0 FI#EH a,6>0,

[z/al]l _[x
e]=[5] 3.0
|beled || 2] 3.5
+@B—1
&< et (3.6
[ e a0z G.7
M B RS (o) =z RAFEEE, mEBEERE f(o) =R EABEN.
BiEE
MEZEH o« FMEFIEES n, amodn WEBER a/n HREL:
amodn =a—nla/n] (3.8)
ZEREA
0<<amodn<n 3.9

BE-NBEBRUS N EBEHHIRBPRE NG, TUFEBSIARRLEBHERERIC
5. #H(amodn)=(bmodn), M3t a=b(modn), IHHKME nita EMTFo. HAFEH, Ha 50 %
U n Bt REHAFMRE, W a=b(modn) ., %M, a=b(modm) ¥ HMNY n B b—a H—ITHT.
FEnbfa REHT 6, Wi aZb(modn),

WM

BE-NERESH D, nd RE|XNARAFUTERN—EH p (0 .

p(n) = Za;n‘

Hp¥ERa, ay 5 oy REMAMEBERHE 0,740, — MBI AEHEEKN Y BALY 0,>0, X T
— N AREHEERMZTR p(n), H p()=0n*), ISMERLEE a=0, BE n BRI, WHEE
LHER a<O0, B BIHER. ENENERE B f=0x"), WHREH fHRSTARERK.

E

XA L a>0, mfln, RITEUTEER.

ad=1
a=a
atl=1/a

@) =am
(@) = (a")"
a"a" = a"*
XBFA n Mla>1, Bl e XF n BB, N, RIEE =1,

ALGES U T FEEESHA SHRBEEREEAREK. WHAEHB I HEERa b, B

b
132:1’— =0 (3.10)
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P 1H
n’ = o(a")
Hit, EERKT 1 WHERRH LIRS TR HUE R B ®R,
B e RFR BARNBEEIIK 2. 718 28+, XIBELE =, RITAE

e,=1+x+§+§+...= > ;J'UT (3.11)
Hp“1""RREVNEEE X TRELR. WAL x, RINEAER
e=14=x (3.12)
HPRAEY z=0 WESA ML, Y|zl <1 8f, RATEEMUET
1+x<e<l+z+2 (3.13)

Y x>0 Bf, F1+x4ERN e MR PIRAE TR .
e =14+z+00)
(EXANERP, i 5HARMRY x>0 MAR z>colt WIRIBITHR) . A =, BRIA -

Eg(l+f)n=e‘ (3.14)

X
RAITEERATEMIZS
lgn = log,n (B 2 4 J& oy 3t 30
Inn = log n (ERXHO
lgtn = (lgn)*  (BEF
lglgn=I1glgn) (£4)
BATERAN— AN EECSAETRAH BB RERATAXNT T —R, Frillgntki B g+
AR lg(ntr), MREE >, AX n>0, EH log,n BF“HHEEH .
XA L8 a>0, >0, >0 fin, &
a= bl°gb“
log (ab) = log.a +log b

log,a" = nlog,a

log,a = llzi—jz (3.15)
log,(1/a) =—log,a
log,a = 1——1-
og,b
a'B = come (3.16)

H, ELEEHENERF, FEEKRAR 1.

BELERG 15, FPHEA—INEEIAS - BROER{UE HHERE - EREE T,
B MBRATA DX BETH, FIIE OiESH, RIBEFERICS“lgn”. HEIB%ERE
B 2 BAHEHB BRE, FNIEE ZHEEMBIRERY RIB—A RSB

4| z| <18, InQ+)FEE—FMEBRHRBRTT.

I N N SR
In(l+2x) ==z 2+3 4+5
St x>—1, BF TFTHEPIAERX:
I L<Ihn(l4+20<xx (3.17)

14+=x
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HAp Ut z=0 F5 L.
EXNEANERE f(=0g"n), WHEHK f(MREFHERN. £%XG. 104, EF
R lgn R n M 2° R a, ATLMESTRS SXEAIE KT AR .
i s = I =0
BREXMEIR, RITTUER: SHEBEE >0,
lg? n = o(n*)
Hit, ERIERNZH R BEH AT R S X PR B KB R.
5%
L5 7l GEAE“n R & LW BH n=>0, &
1 £n=0
nl = {
ne(n—1! #Fn>0
B, nl =1+2+3wn,
MBI —AFHERR ! <n", ERERTED, nTHEBHFELH n. B (Stirling)
EAS
nt = vzm(Z) (1+6(21)) (3.18)

BHTANEEHRHEFMTR, Kb e REAKAXNBMIR. EINZ 3. 2-3 ZRIEHK,
n! = o(n")
nl = w(2")
lg(n!) = B(nlgn) (3.19)
HAPEMEMARE B TIERASER .19 . A =1, TEHER MR

nl = /2w L) e (3.20)
He

1 1
1—2;1-_'_—1<a,,<T2—;l (3.21)

EERY
BAIMERES fC kFREH f[WDER  RIEAF—M01ME £, Bk, BiE
FEHE R — R WIERER , RATEAE X
> L £i=0
PP = vy #i>0
#lm, & f(m)=2n, W £ (n)y=2n,
S EIH R
RAVERIZS 1g" nGEIE“log B n”")RBRZEMHY, THSAHENEN. Biklg®nEX
wmk, X fm=Ilgn, BNEEFMMELENL, FFUREEIR T n>08f g n AHENL. —
EBERXA 1g¥n(NSE n Frih, HEEMAMBEE K5 lg'n(n XM KFD). TREXE
EX R
lg*n=min{i >=0;1g®n<1)
ZEMNPR—NHKEFTERELR-
lg"2=1
lg"4=2
lg*16 =3



34 - F—#s5 E@mig

lg* 65536 = 4
lgn (265536) — 5
EAERFENYFEPRFOEBE MR 10°, @mm/pTF 255, FURIMBLB B —F
lg* n>5HIE AR n,
EYi& EEs
FER T EAEIARRE LRI RE .
F,=0
F1 = 1 (3- 22)
Fi=Fo,+Fey, i>2
FEt, SAEHIRRBERPEE MM, FEEKFETIRN
0,1,1,2,3,5,8,13,21,34,55, -+
LA SESNER ¢ RHILEHI AL, BNETIHHBROFEAR.
Z=x+1 (3.23)
FHTEHHARAH (SRS 3.2-6):
6= lj;—“/g — 1.618 03+ (3. 24
3= 1—:25 —=—0.618 03+
o, RIAE
_#-¢
F=to
Al A R A gk SRIE B X AN (4T 3.2-T), BRI <<, FRUAE
1#l_1_1
= <E<7
XAEEE
_|# . 1
F,._[ﬁ+2J (3. 25)
KR N EEIREE F, £ T ¢ V52 ABIBIENEE. Bk, BHRIFZBLEEIEEE.
%3

3.2-1 EH: #&F fF g(n) BEBEVBEEHEE, MR f(n)+g(@ M f(g(n)) 2P
W, Bsh, & fF g@RIERE, W f(n) « g(n) RETHIEH

3.2-2 EB%K(3.16),

3.2-3 {EH%ER(.19), FHEH n! =w(@D B n! =o(n"),

*3.2-4 B[ lgn]! ZWMAFHRG? K[ lglgn]! BWMAEHFG?

*3,2-5 IITFHA RSP, B—EHEE R, lgle' niER 1g* (gn)?

3.26 iEH. HENBIR S RIS HWETB L’ =211,

3.2-7 FRAYEIEN: % NEEIRREH L EFR

F, =

Hev ¢ RESNHIRE S RHILIR.

$ —¢
N

3.2-8 iEBA: kInk=0HEE t=0(n/Inn),
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31 (B3AXHETH) BE () = Zasn‘ R—ANEFnid RETR, EF a,>0, k£

— AR, FRHEICSME SORIER T EN R
a. & k=d, W p(n)=0("),

3-2

33

34

b.

ZEk<d, M p(n)=0(n"),

c. #EHk=d, M| p(m)=0"),

d

& k>d, W p(n)=0(n"),

e & k<d, W p(n)=w(n*),

(Fastdrie g k) HNTEFPHENFERA, BIEBARTEBKO, o, Q. o H 0, &
WEe=1, 0 H  S1¥RER., BENZURRKWIER, BRI ‘E"EEBIEHKT,
A B (0] 0 Q w ®
a lgkn n
b. nt I
c. ﬁ nsinn
d on onl?
e nlec clen
f. lg(n!) lg(n™)
(AR A% 7 3L 38 K 3 A
a MEEKBOHREFTEOEE, MREWLE g =0(g), .=0(g), , gu=
Q(gao)ﬂﬁﬁﬁﬂ@—ﬁﬁliﬂ 81y 829 ***y 8300 ’}F_’.{ﬂ?ﬂ‘]%ﬁﬂﬁfﬁﬁ%ﬁ'@é, ﬁ'?%gﬁ fm)#
g TEMRIEP Y HALY f(n=0(gm). (6L
lglg'n) 2¥°" (/2o n! (lgn)!
(2) =  gn gad 2 pve
Inlnn lg*n  ne2" pleln Inn 1
len (Ign)'e" ¢ 4 a4+ /Ign
lg* (lgn) 277" n A nlgn 22
b. AHIAEREE SO —MBF, EEMNAEE@BIPHRER g (n), FWOEAR
O(g:(m)HWARE Qg (n).
(HFELF ) BRIE S g(n) REHEIERE . EASRE T HHE I HE0.

a f(n)=0(g(m) M g(n)=0(f(n)),
b. f(n)+g(n)=0O(min(f(n), g(n))).,

C.

S)=0(g(m)Z lg (f(n))=0g(g(n))), HBIFERBRE n, B lgg(n))=1
H fm=1.

d. f(m)=0Cg(m))ZH 2/ =0(25"),
e f()=0((f(m))?),

£ f()=0(gm) AW g =Q(f(n),
g f(m=0(f(n/2)),

h. £ +0(f(m)) =B(f(m)).
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3-6

S8 & miR

O5 Q#y—2%H) FUEEZRA—-MHESRITHEARMGTRREN Q; BERIMER Q
GEAE“Q R RERXFATRNEN . BEEERE o, FENEFEIER 7 & f(D>
cgm=0, M f(W=0g(n),
a M. SHREIER R ERAN B FDF g, BE f()=0gm)RE f(m)=0(g(m)
REZEWRT, R, MEBEFEH QRARE Q, HAKGEHFHE.
b. HRF QR Q eI ERR ST R A 5 5 Bl
Hofhe s Fl— R MR R R X O iR ORERIMARNENL., &
fIIFR F)=0'(g(m) B BAVY | f(n) | =0(g(n)),
c WSRO OBMREE O, 5 3. 1 9“4 BI04 B8 % B I 2 852
BB E R L OGR4k O") % B35 A E T O:
Og(m) = (f)  HEERE cok Fine FEBHAFH n =m0, 4 0< f) < g Ig* ()}
d F—mAM T RE XOMS. IEHSEHE 3. 1 AN RS,
(3 &%) RITTUIEATES e PHEEERIERS « B TL8E TR ARREE
B f(n). SHATMER CR, RITENEERS 7 X
fr(n) =min{i =0: () <}
BERADIEFA SR TN RSN, $BaER, 85 WRIFE/NESHE c RE/

iR ER f EENARNEE.
AT AR f(OFER ¢, B L OH—TMREEHKFA.
fn) c f& @
a. n—1 0
b. lgn 1
c n/2 1
d n/2 2
e Jn 2
f. Jn 1
g nl/3 2
h. n/lgn 2
FEFID

Knuth[ 209583 O 2SR E R 1892 ££ /1 P. Bachmann 2R E W — 588 #f . E. Landau 7E

1909 4ER B 0308, FATFITEZERMNAM. Knuth[213]8#18 0 #1 0122, MUY ECERPRATH
EHAFERGST ERMTABER OIESMNEN. FEAE OIESHEAR L ERERN T S5
R OIS, XTHHEICESNHE R 5EBHEAITE, 2% Knuth[209, 213]LL K Brassard
0 Bratley[ 55 JBRE I E/E

BRAEMENFERESBEAKNERTR—2K, B, FRITAKIEEE MR KT AR

EXHLIE S . —&AEKE LEBEAREHEER KRR, RECIINAXNERESH R,

2K (3. 200 B JAZHF Robbins[297]. FeA K2 o P iy Ho bt BT LAZEAE T — B ¥ S

ZHhRB, B, Abramowitz il Stegun[ 118 Zwillinger[362], tA] AZEMBR A H#k3], #
1 Apostol[ 1818 Thomas 2:[334], Knuth[209]PA B Graham, Knuth F Patashnik[ 152 ] & K&

64]  FITFHEHLRE R BB A AR



| A

Introduction to Algorithms, Third Edition
»
a4 R
[ ]

FE2.3.17, ROAFTHHRF, BFATHARE. BIZ—T, EMEEEP, R
BIAMRE—EE, EEERRPNANT MR

43 &% (Divide) 2B BRI R R) 23 A — L F a8, FRIBHERSRERIB—FE, RRIAEE/N,

fift R (Conquer) 2B IAHR AR F IRV, AnSRFRIGMBLR SN, WHEIR#IET, BHERE.

A ¥ (Combine) 25 BR¥; 7 ] R Py e 4H A B3I o) BB ) 1

LFRBERBR, TERIRME, RIRZABIATER (recursive case) . HF A BERLE
B/, FNEFERBLN, ROVEBHESLMK”, FATEREFR (base case), HH, BT HE
MEE R E—HHREE/NY FRESN, ERERBSERBEATLE—ENFRE. RITH
XEF R RBEME I LR —H .

ARG, RIMEBEIEZETHRERNEE. B TEERBEAFRANE, HEA
B—MEEHYE, BEFERERARERMNES FHY. RERIMTEEIIFH N RE X n B
Tk M B MEEYE: . HP— I ETIEN 00*), HAMEFFALEE. B8 —F 1 (Strassen
B WEBITIER OG-*), WarmEREHR T EARE.

#BIRN

BAXEMEFTEREEMHEXE, FEAEEARBIEAT R B R % 818 B KB 1T E .,
—AMMEAR (recurrence) LR —NMERBAER, TEIE/MEA LK EBUERER— R
Blan, 7€2.3.2 %9, RATAHBEERX#ERT MERGE-SORT 3 2B E i ia17rE T(n)

) En=1

T(n) = 4.1
=T +em #a>1 “-D

KA T(n)=0(nlgn).

BAXTUAREBER. B, —MBEELATER BRI S I REAR SN FEE, n2/3
X 1/30R 4. MRSBHRMEHTRERLZENEMN, XBENBEESZEBAR T =
T(2n/3) + T(n/3) 4+ 6(n).,

FIRI LA 0 R S ) AR B — A [ S Ee . B, R IRMBITRA (% 2. 1-3)
B —AF R, HAEA L R R — A TTE . 8RB I8 %48 % % 2 ad | H i
ET—E#BEAKEE, BEERY T)=TGx—D+e(l),

FEMF=FMRERARNG TS, BEBHEEN @R O’ EIE R

o RAZE RIVEW—NF, REABEANEEAXMREERN.

o ERARE BRAXFRAI BN, REAXRFARRAERREBFRAEENRN. RE

KR R AN R g3 3= .

s XFHE AIRMEOTEAXMELERKRA.

T(n) = aT (n/b) + f(n) (4.2)
Hera=1, 6>1, fMBR—TABHER. XHERXBEARXBERL, BZ2ET XHE—
NFREE: £ o NFEE, S8NFRBHIEREREREN 1/6, 2BNEHSE
IR SRR K (),

%JT@FHEE???%, DHERC=FER, HE—-BREETXMIE, HEBEsmasaR
HEHERRERRAS . FEATE D, RATEEH I 75 8k 30 5 18 5 R T4 1] 31 0 48 [ HH 7 17 7
HIZMAEEAETTETR], 2% 95 oo R A 43006 SR s A 8k ol P 5 B BEAT 4T .
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F—Es E @ iR

RIMARSBREAREXTRAFRMRER, Bl T<2T(0/2)+0(n) . B HRxE—Fgid
UERT T W—A LR, FHRATDAX ORFEMAR O SRR HME. A0, mERER
F T=2Twm/2)+0(m), MEFHEARXRAET TH—TR, BRIINMEH Q /S R#RER.

BEXBEARAT

FEERM AT, BRATSZE X AR — ARG . fln, WRY N TEAR
MERGE-SORT, X n Rar$ad, WAF RIS BN n/2 1M n/2], WEHFRIFEERRE /2,
HAY n BAE, n/2 AR—DEH. BRE, #iR MERGE-SORT £ 1% 6112 17 i 6] ) HE W
bt Y= Faw)

o) Ean=1
T(n/2D+Tn/2D+0() #n>1

HRFMRF—BRINEEZBEHAT . AT F-IEEREREA, BERNBTHREN
HE, B TFREBE/N n, RARBERETHEKZEEX -8B T(=001), Hit, HFHE,
BRIT—B 22X RE M, BRI n, TREE. F0, BHERXG DEEERHN

T(n) = 2T(n/2) + 6(n) (4. 4)
EET n /P EHRENBER. FEAET, BAYE TAOWESSRZT®REFRMERE, H
BT EEASBL - NMEHEF, BmRENEKHNASEL.

M, SRAEBEIFAKN, RIOTEEZBE THRE. BB EORZE. RITGZB XL
W, MEHREXLANTHERETERAE . BEERAK, BHREFENETARRESE
AK. X—HEELUMRELKRAN, H—FHE, —LEHBRE, MTFREZEMEEERZE
B, XHAPFALSEREEERSLER LD, HE, f4EZd, RMNSTHEFE®HET, B
ABARKRE T ENES.

4.1 BAFHEANE

BERKR T REEREAEAFNIE. SREFRLZER R/, XXRAFANBEERN
BUEARER . REHEF AT IAE R B 2L 3 — XA R R, HFEZRREA B HE
H, EHZHMRELYRZDERGHIT. BT MEX—RE, RATLLT BB R BN R
M ERRRRE. B41AHT 17 RAKKRENE. 50 REBREMEREMK 100 25T, 4R
A AZECZ JE AR B (B SK BER SR . AR AR BN S, RS —— AR R AR e 3K A
B ZEERRMENZS, XETUBRMKE. ERIBHE, E—-BAEHBEN, TRELHE
HEBIZEBARM IR I KRR, REERFEMEEEZH. S, 78 41 P, BEMEREESRT
R, MREHHEEES 1 R—RENER, BENES.

120

T = { 4.3)

110 o

100 / \ [\ A~ /\

90 N/ N\ [~ N\~

80 v AN / \/

I \v/

60 T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

x | 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

g [100 113 110 85 105 102 86 63 81 101 94 106 101 79 94 90 97

B 13 -3 -25 20 -3 -16 -23 18 20 -7 12 -5 2215 -4 7

B41 17TRH, BRRBERE, EREAZAFKBRENMEHER. HMFRAM, AHE
AR . REHRE—1THH T BRMEHEX TR—X8%EL



BAE SERB

YRAT BB FT AZE BT AR B 35t , BUERA ST SE . BIAT &R folicss . B, 7El 4-1
F, RATATAES 7 REEMERGEEA, BITHbiis. mRXMHRESRARHN, Nk
ERAABRGERIEFRER . FREFGMEMME, KRG NBEREMHEITI6 0 £ I RZETHRME
i, NREHIEFFIBEAIFRZBRERME, BEIMETRERAE. BE42HHT—
AMERK RS, BAAERN BRI RIEERGM R L, BARTERFMHENEL.

11

\\ //\\ £ |0 1 2 3 4
8 M (10 11 7 10 6
7 \VA \ 24k 1 4 3 -4

6 T T T T \1
4

0 1 2 3

B 42 AFUARAKEIFA —ENBBRNHETHREZBERNHELSER. 5H 41
—, WERR B, QRRRME. ARG, RREENEKR 3 ET,
52 REi, 53 REMWRBIUBEREE. 5 2 ROHHE 7 RITH R
Mg, TsE 3 REHHE 10 T ERF MK

RNKRWBHE
AT AR 5 080Tt — 8 1 07 SRR AR [V R . o R b 2 i 4 X T BB B S E S Hh

AREA, FESHARERABBZENT. Kook ()R apaa. mx())=e0,

mabEEst H SRR 200 R, EHik, XFHENEITIER Q). BEFHT
PG ?

8 3 i

A TR =BT AN o () B, RAITEN—DFEEA R A BEREREABIE.
RMNWEMEIR-BRBEH, FHRNE-RIBF-RUKEMGSEEEKR, Bk, RITAE
NEHEMBERNAELEEFRARE, MESEREEMEEL, £ REONMBThE L HE XM
Fi—1XRPMEE. B4+l PRHRBUEE—-THETEENEEL. WREX—-TEHR—
Bl A, Il 4-3 frn, IBAMBREEL R TR A WMBERKNIESESETFRA . RITFRXENE
ST IR A FE4H (maximum subarray) . Blan, XPE 4-3 PREE, AL . 16]MB R THA
HA[8..11], HFk 43, Hik, RIS 8 R(T RZE)BABE, HES 11 KExH, &
B MEs 43 £t

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

4q 12522 15
D
BRFHA

4-3 BEMREAERRATHRARSE. £+, FHH ALS. . 11]8M
243, B A WA EZETRATMBKE

F—F, XMWBHEXMABERBHBEEG 2. 3T B2 ROBEH, RIOVMATERE

—1
(", )=00m T8, %3 412 BRER, RMH—TRAZ TG H R L

B, ST OGO N TFHAMN, RATTEHALGHFEIT R, A2 ATHIE 0 T
AR SR TR, BT FREARMW RN O, TR RN M FT LR
B 60,

BTR, ROFREATFHATVEOERKORBH; K. RS, RITEE R

39
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F—#a E &R

KFHRA"MARBRFEA”, BATEEEZ N FHRABDBKM.

REYFAPEEAEE, BERFHAMNBEAEREL. MRFAERHATEAFRIERY, X
FHRAMBEEEMEE, BERIENMANTEERTEKM.

ERASRRIENKRBS E

RIVRBE MAAMEEARRBERFHRARE. BERNMNEIRTFHEY Allow. . high]
HBRFHRE. FAMBBERERERNMNEE FHRAMNS IR M ERBHEN FHE. it
B, RAFEANPROE, L0 mid, REZERMBHENFHA Allow. . mid ] AL mid+
1.. highl, WE 4-4@ R, Allow.. high | EMESEFHA AL. . j I MAMNELREUT =
FERZ—:

o ZBENMFFHH Allow. . mid]H, HM lowi<j<mid,

o BEMFFEE Almid+1. . highlh, B mid<i<j<high.

o BETHA, FHI lowi<mid<j<high.

Hit, Allow..high]f— M ERKFHRAFRLHNEBLREX= ﬂ‘ HHZ—. Lk E,
Allow. . highJl—NMNBRFHALRRTZLMT Allow. . mid |, ZLEPT Almid+1.. high]
PEREBEB P ENIA FRAFMBERE. RO LUEEMKE Allow. . mid]F1 Almid+
L. highJBKFHH, FIXFHANFRIBHERE K FRAMBE, REHEE/N, B, #MTH
W TEREIFIREBPEAWBEKRFHRY, REE=MBRPERMERE.

B AR

— A[mid+1.j]
mid high low j j
Illlllllll‘.‘ll“lll LITT B
~— mld+1 ~—— S——— mid+1
2t FAllow.mid] & SEL0ETAlmid+1.high] th ALi.mid]

(a) (b)

B 4-4 (@Allow. . high] I TFHAMTREMNE: ELMTF Allow. . mid]H, FEMTF Almid+
1. high]¥, BHEBERPE mid, (b)Allow. . highlEMBEBP SN FHRHAHRNF
Bl Al . mid ]/ Almid~+1. . jIEB, BHF low<iKmid H mid<j<high

RATAT IRA 5 s AE LR A B 18] (RS T F 30 Allow . high JEI D) PISR i BB U R OR
FHH ., SRS REEAEE DML, EREMAT RE—K 8T HALTE R+
Ao WA 44D PR, (TSN FRARME RN FHE AL . mid)f Almid+1. . jIHR,
He low<iKmid B omid<<j<high. B, BRIIRAFREFEW AL . mid ]F0 Almid+1.. j K&
KPP, RIEHIAEIIT. &7 FIND-MAX-CORSSING-SUBARRAY # KA A f1 T 45
low, mid Fl high HHA, EE—TiradRlEEf+ Qe TRARLR, FRERKT
BUH P EEIF

FIND-MAX-CROSSING-SUBARRAY (A, low, mid, high)
1 left-sum = —oo
sum = 0
for i = mid downto low
sum=sum~+A[i]
if sum > left-sum

2

3

4

5

6 left-sum = sum
7 maz-left = i

8 right-sum = —oo

9 sum =0

10 for j = mid + 1 to high



$4E SERE

11 sum=sum + A[5]

12 if sum > right-sum

13 right-sum = sum

14 maz-right = j

15 returil (max-left, max-right, left-sum + right-sum)

AR TAEFRIM TR, 8 1~7FTREEEHR Allow. . mid B K FHHA. BTHTF
BANFEE Almid], & 3~T71T7H for JEIRHEARZE R | BN mid Frif, BBEZEXT low,
Hilt, BREZENENTFHREAHREA AL, . mid JMER. B 1~2 TR EER left-sum Fl sum,
B R B L RBINB KR, FHERE AL . mid PIEENM. B85 TRI-1FH
H Ali. . mid )RR T left-sum BF, BATIES 6 174 left-sum BF HXAFRAMNM, FHEE 7
TEHEE max-left KIDFEHUR TR, 5 8~14 REF¥E Almid+1.. high JMBRRFHA, o
BEAEEEM. AL, 56 10~14 178 for FEIHRMEALR j BN mid +1 F 45, BEEZED
high, Bk, BHREENENTFHRHABEE Almid+1..j10WER. &E, % 15 7&E TR
maz-left fMlmazx-right, RIEBEBPSWBERXFRANAT, HiBEFHA Almaz-left. . mazx-
right ] le ft-sum~+right-sum,

MRFHH Allow. . highlBE n NITTE () n=high— low+1), WA FH FIND-MAX-
CROSSING-SUBARRAY(A, low, mid, high)£%% O@(n)B}[E], B FHA for 1EFH M B RERIE
# O(DEE, RITABLEH—HPITTELWER. 8B 3~7 178 for EHRMAT T mid— low+1
WiER, 5 10~14 1FH for FEFARPAT T high—mid Wik, HiL SMEFFEARECH

(mid — low + 1) + (high —mid) = high —low+1=n

A T —/ At A # FIND-MAX-CROSSING-SUBARRAY 7 F, RATEA AR RMEH K

FHRARBRMEEENHRBT .

FIND-MAXIMUM-SUBARRAY (A, low, high)

1 if high == low

2 return (low, high, Allow]) // base case: only one element

3 else mid=| (low+high)/2]

4 (left-low, left-high, left-sum) =
FIND-MAXIMUM-SUBARRAY(A, low, mid)

5 (right-low, right-high, right-sum) =
FIND-MAXIMUM-SUBARRAY(A, mid+1, high)

6 (cross-low, cross-high, cross-sum) =

FIND-MAX-CROSSING-SUBARRAY(A, low, mid, high)
if left-sum = right-sum and left-sum = cross-sum
8 return (left-low, left-high, left-sum)
elseif rightr-sum = left-sum and right-sum == cross-sum
10 return (right-low, right-high, right-sum)

11 else return (cross-low, cross-high, cross-sum)

478 F FIND-MAXIMUM-SUBARRAY (A, 1, A.length)&RH A[L. . nJBERKTFHA.

5 FIND-MAX-CROSSING-SUBARRAY A1, #1337 FIND-MAXIMUM-SUBARRAY ik
E—AFHGH, ETBEAFRANDR, FeHEESAFHEFHMEZH. 8 170REx
B, BTFRARE - ATENERL. ERFLT, FRARE-ANFRE—TEHES, BRLE
2ATIRE—ANFHRTTH, FFRMER TR —RTE, FEERTENEEIRARN. &
3~11 FPAbEB AR . 55 3FTRIAFHA, HEPE TR mid, RIVFTFHA Allow. . mid]H
EFBA, Almid+1.. highDhEFHE. BRRMNMETFHA Allow. . high]E > BEHATT

41



42 - F—#Ha E#mHiR

#x WE, AW THASZELBE-NTR. B ATHE S THHBARRBLA FHRATH
BATHA. H6~11TRREH T, 56 fTREBTRIMBRTFHRAEZ—T, 5 647K
) F RVEFF AR A SE M 2, BOR AT IBMA IR . 8 7 TR KT
BUARBELTHAT, HR, FMEEANLTHA. BN, FITRUBEAMTRARTES
FHAF, FL, FI0TRELTHHA. MRE. ATHREAIAQETRRFHL, WBEKFH
HDREET R, 1 THEHEE.,
SREERSH
BETR, ROTEL—MREZRHREF LR FIND-MAXIMUM-SUBARRAY K12 17 8] .
0 2. 3. 2 WARSATIAFHEF A, AT R, BRI, 2 )R, XHFE T
HIB . RATH T &R FIND-MAXIMUM-SUBARRAY 3R n AMTEE MBA T
AMBfTrtE. B, $1TEREENE. XTF =1 KWERFRL, WRER. 5 2/7H0%
B, Hi,
T(1) = 8(1) (4.5)
Hn>1 BNBARO. 5 1ATME ST FRME. 5 417 5 1TRM I T RS K
n/2 ATCR M THA (B REEAE Y 2 KR, RET /2 HBED, EHEESNTRBHRER
2y T(n/2). BARMNTEFERBEANTRE—ZETRANE THRA, HUH 41708 5 74
BIBTREEMT 2T (»/2), MBEMRE S LF 2, 5 6 17 FA FIND-MAX-CROSSING-
SUBARRAY 7% @(mBf ], 55 7~11 170765 @D . Hitk, XFBEEL, RIA

T(n) = (1) +2T(n/2) + On) +0(1) = 2T(n/2) + B(n) (4.6)
ALK U 5)FR 4. 6), R{71EF FIND-MAXIMUM-SUBARRAY &7t 8] T(n) B85 .
o) Fa=1

T(n) = i
) {ZT(n/Z)—l-@(n) #En>1 4.7

W IAR SR @ DAFHEFRRAR R, RIE 4.5 WEBEIHEFEREIHIARX, BN
T(n)=0(nlgn) . HRWFTLATEFEEH—TE 2-5 FHEER, REMBATLHER T()=0(7lgn),

Hit, RIMBIAFAMEFTERI T - NEERERTRARBIFENE L. EdEH#
HF AT HERFHRAMSE, RITFHEXPETERBREANE T —LTH. A8f, XFEAMR
B, METERANENIRROEY, THMNE, RITCAAMGTEEZRMEET. w4k
3 4.1-5 fims, BRRFHARBER LFE—RENRINES, FRERMETE.

%3

4.1-1 4 ARFAETLEYNAEE, FIND-MAXIMUM-SUBARRAY i& [F {47

4.1-2 MWERFHHARE, ®RERIKEITEHHNRL, HETRENZR 0G2).,

4.1-3 FEREITEN EXRERTFHRARBR RN BEEMBIAEE. HEHS KR ERE n
RUERXX A —AUZEBABEFTURNER? RE, BURBHREHESRHE
G HRBHRENT ne WRARNEE. BYE, HEXXASWREG?

4.1-4 BEBRBEXTHRARBREL, RAFHERAZTRE, KR 0. REZMAEERRAE
Bk, HEMNERAFESTRANRLLER?

4.1-5 FERNTRENERTFHARERIT—NMEREK ., SEREME L. NEENELR
Fif, HEZELHE, ERBEMIELELLBINERTFHRA. HFEMALL . jIH&
RFEH, ETWTHEREEY RN AL . j+H1MBRTHE: ALl . j+1HNBERTH
HBEAR ALL .G IWBERTHE, BARENSTHAHA AL, j 1A +D. EEA
ALL . FINBERFHRAREL T, TAEREN EARGEEW AL . j+1HERTFHA.
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4.2 SERETEERY Strassen E ik

MRIRURT Y S8t B, AT T M T ERERe L (B, HIED.1¥), & A=
(aij)ﬂ] B=(bij)%n><n B RE, WIXT 4, i=1, 2, =, n, %X;ﬁ*ﬂc=A'BqJB(J7—U?Cijjﬂz

Cij = ;a& . bkj (4. 8)

RINBEIWE »* MEBETR, BITRE o/ MEWA. TEIBRER nXnEBEAMB, BEE
BRI —nXn FfE C. R NEERE —NEYE rows, G HBEFNITH.

SQUARE—MATRIX-MULTIPLY(A, B)
n = A. rows
let C be a new nXn matrix
fori=1ton

1

2

3

4

5 ;=0
6

7 ;= cijt au * by
8

return C

117 SQUARE-MATRIX-MULTIPLY T/EfBUNTF . 5 3~7 178 for fE¥A I+ EFITHRHIT
B, BE i 7P, B A~T1T7K for FEFTEEBINPMENTTE ;. B 5178 o, kiR 0, FFR
AR )RR FE, 5B 6~7 171 for TEA KB L ERE AR . 8) P —IEmPER .

BT =E for ERME—BEEBRTFPITH, W 7 TERPTHEREERE, HidR
SQUARE-MATRIX-MULTIPLY 7% @(»*)Bta].

PREF O BEA T SE R TR AR EAE % Q) BfE], HMEMEREN BERE XA EEH#ITX
AZWRHIRETEY: . HXRERN: RIBEFEE o) B NZHREMERE. RS, BRI
¥ & B Strassen MEZ nXn EREHEHRRITBE . RITEFE 4.5 HIEHARBFTHERN 0(2¥),
BT g7 #£ 2. 80 71 2. 81 Z ], EH, Strassen HILMIBEFTHIEN O(n* ™), BHEEZMEMFRI#
) SQUARE-MATRIX-MULTIPLY 378,

— I HEANSEEE

AR, YERAMEERITEERH C=A - Bi, BE=ZEEYH nXnEE, HP
n R 2 R, BRIMEXMRREBRAEGNAHEERY, nXn EEERBRISH 4 4 n/2Xn/2
BITFEERE, MREE R 2R, WRE n=>2 BInFIEFEREME n/2 55,

BEH A, BHMCHHMEN 44 n/2Xn/2 FFIERE.

All A12 Bll BlZ Cll CIZ
A=[Am Azj’ Bz[Bz, Bzz}’ C=[cm Q} “9
B AT AR C=A « BHE X

I:Cu C12 } — [All Al2 :| . |:B“ Blz } (4. 10)

Ca G An An B, B
ARG 10FEMTHT 4 MK
Ci =Ay, *By+Ap, By (4.1
C:=Ay * B+ Ay, * By (4.12)
Co = Ay * By +Ay By (4.13)
Cp = Ay * B+ Ay + By (4.14)

BANAKXXRLFPIN n/2Xn/2 FERERITRE R n/2X n/2 BN . BATAT LAFI X EARBH—1
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F—#o EamiR

EHEKB M.

SQUARE-MATRIX-MULTIPLY-RECURSIVE(A, B)
n = A. rows
let C be a new nX7n matrix

if n==1

else partition A, B, and C as in equations (4. 9)

C,;=SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,;, By;)

+ SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,;, By)

7 C,:=SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,,, B;;)
+ SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,;, Bj,)

8 Cn =SQUARE-MATRIX-MULTIPLY-RECURSIVE(A;, , By)
+ SQUARE-MATRIX-MULTIPLY-RECURSIVE(Az, By)

9 C,=SQUARE-MATRIX-MULTIPLY-RECURSIVE(A;, , B;;)
+ SQUARE-MATRIX-MULTIPLY-RECURSIVE(Az, Bz)

10 retern C

XEWABESE T - MU EEERNSRAT . 75 5 TR RERE? MRBATEK
BIEE 12 M n/2Xn/2 55, WL OO EEHEBETE. Lk, RITTUARLEH
TRAETBERENME, HPiRESRERA TR, RATTLUENRER M —HT THRf—
HI TR —NTHEE. BARFTEENTESRAREGENTEBRERR, XRER
AT . XMRATENFLRE, B TIRTEENTERE, WTHE 5 TRE oD KR
6] (B ARBATHF 2R T 1 T B T R R 2 AR AR B Xt BB 47 1 18] 3 o ) .

B, RATESHE—81FR3kZH SQUARE-MATRIX-MULTIPLY-RECURSIVE Hi&17
BfE . @ T RRREBITERAN nXn ERERRBEE . X n=1 HEREL, RIOIRAFH
I—RIRBREGE 41, Bk

1
2
3
4 cn=an * by
5
6

T(1) = 6 (4.15)
4 n>1 BHRBRIAER. WETCATe, 75 S T ERA TR E RS EERESR 0D EHE.
% 6~9 17, 13 8 WiRIA¥E A SQUARE-MATRIX-MULTIPLY-RECURSIVE, i F4&%EIH
VRATZRFAAN n/2Xn/2 SRR T, HILIERBER T(n/2), 8 WiEkIFFEM LB 8T(/2),
RIEFTETES 6~ 178 4 WHEREME: . 8MEEEE A/ /4 Mk, B, SREREMEE
% OB, BHFEREMENREEEE, 5 6~9 1T THEREMENAEER 00" (XBER
TMRRERA TR E TR EREMENERBE THEE CHIERAME, BIEWHRNBINFHE N
BATLE ODEED. FE, #3051 580 S8 b 2 e 8] . 328 05 78 A B 18] B 48 B m 2k B ()
ZH:
T(n) = 6(1) +8T(n/2) + O(n?) = 8T(n/2) + O(n?) (4.16)
ER, WRESERTERLHERENE, BINTEN 0D, BARARESEERE, RARRE
ot R 3R B A .
HEAR U 15)FAR (4. 16), #1182 SQUARE-MATRIX-MULTIPLY-RECURSIVE i&
7o e A3 AR _
e Fn=1
T® =Tt/ +00) £2>1 .10
RAE 4.5 WHLBAFHEFERBZAR W 17), BAREN T=00")., Eit, REE
BB RME T EE M SQUARE-MATRIX-MULTIPLY 33 #2.
TEBREEA2E Strassen BIEZ R, iERATGEE— T AR . 16) B JLANH B ER #0273k
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W. ATHITEFEMEEN nXn EFEEH OOE, EERMERTENE. BRKRATEEA
HMERNEETFE 06 H, HERFRLOMFSFELEEHEH2ENT. BREBNERCE
EATEE, WEANMEREHEMFLSR 0O E. B TFEMEEEE A /4 MR, BRMEIESR
8’ /OEtE. ERFRE, O FESELBEHFHE T 1/4, B, A n/2Xn/2 EREAE ML
OBt fE] . WATFEST 4 WHEFEMZ, BiK, RIVEABRERT 04 EE, TR 0(n*)
. (YR, VRATEERBLIRATAT LAUE 4 YIEREINILIESR T O(4n® /4 B[R], T 4n°/4=1n", {HiLAL
MESEOFSELEETHEHRET, TREFNEHE FHTEROEN, RITRLEIHN
m e, ALEEME=Hh—.

B2, Yot 8 BRI AN, MARHANBERHEF 8 T. HawEl, RILHMULENA
VIR 8T(n/2) B} [E], AR T(n/2)BFH ., EFXRANtA, VRATLAEE—T & 2-5 i
B, ExRLEIERC DEBEER G DHEED, HBFERR T =2T®/2)+60(0), BEF 2
RETHPENERBINETE S, HMRETHHE—EBHENTRT S0, mREHE
AR @ 1O PHET 8 AR DFHET 2, BARBRE NEEEH, MAREEN"T,
WS —2 R BT T 5,

Hit, ¥ic, BRUHERSEETHEHEF, ERA/FSA TG/ 2)HAEE.

Strassen A%

Strassen B 5k O BAE R 23 AW REOR IR 2 58— =L, BRI 7 KMARE 8
W n/2Xn/2 SERERITRE . > — YR B T v 4 SR I AR AT BB R SN JLIK n/2 X /2 56 RE B
2%, BREWFHK. SriX—#, YErdHXZEEITeEE, BHRERME® 0 F5a
BEA,

Strassen HIEARIB2EM X ERABHREATSWMT T). BT 4IMER:

Lo #BARU DBBAEM A, BHEHEMC MEN/2Xn/2 WTERE. RATHRHTEY
%, W BIEZ 0(DAE, 5 SQUARE-MATRIX-MULTIPLY-RECURSIVE # .

2. ﬁ“@ 10 /l\ n/ZXn/Z E‘J%EM; Sl ’ Sz LI} Slo ’ /ﬁﬁ\iﬁﬁﬁﬁi% 1 EP@UEBQW/I\%mM“
. HREEN 0GD),

3. FIPER 1 RIEM FREREFEER 2 RAIER 10 MER:, #BIEMmIHTE 7 MEER P, Py -
- P BANERE P B REn/2Xn/2 1.

4. i P MR ARAGHTMEEE, HEBEREE CHFEMRECL, Gy Cus Cyu.
TEBRET ] B(n*) ,

RITWESBRLE 2~4 AT, EIAERT AL Strassen B HZEFTEREIEAR. BE
—BHIEREREN n 228 1, TR AN EREITH, EW SQUARE-MATRIX-MULTIPLY-
RECURSIVE 58 4 1738 . X n>168F, H5R 1. 2 F14 3£ o) BFE], BB 3 BR#T 7
K n/2Xn/2 ERERTRS . B, RITBBIITHIR Strassen B KBFTHTA] T(n) B9 AR

TGy = (& An=1 (4.18)
TT(n/2) +0(n*) #n>1
BRITABESREERENRN B T —RERERE. —BRMNER TEAXEER, HEFH
XFPAZ e S BB R EAR UL E TS ], AU 4.5 WA EHFE, WRSREBAR G 18 WRN
T(n)=0(n""),
RAVBAERA R Strassen LT . 7EL T2 H, QIEIWT 10 NMERE.
S, = Bi; — Bz
S, = Ay +A;
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c - E@ail
S; = Ay + A
S: = By — By,
Ss = Ay + Ay
Ss = By + Bz
S, =Ap—Ap
Sy = By + By
Sy = An — Ay
S = By + B,

BT UHBEAT 10 1K n/2X n/2 FERERIINEYE, B, P ]RIER 0GR,
LT3, BEAMTE 7R n/2Xn/2 EERTRE, WTHR:

P,=A; +S =Ay*B,—A; ¢+ By

P, =S, «By =Ay * By + Ay ¢« B

P;=3S; « By = Ay * By +Ay « By

P,=Ap S, = Ay * By —Ap By

P;=S; 5 = Ap ¢ By 4+ Ay By +Ap c Bu+ Ay ¢« By

Pi=35;+S5 =A;; * Bu+Ayp By —Ap * By —Ap * By

P, =38, +50=An+*By+Ay*B;—Apn By —A;y * By
EE, ERAKXS, RADE-FINRERRIEREITER. AAXs| REMARRIXERRY
SR 1BIENFERTFEEZRMXR.

HRAXER S QUM P, EEEHRTMBREE, HHE CH 44N 2/2Xn/2 WTHEE,
B,
Cy=P;+P,—P,+Ps
FASA P WRFAXBRFERLE, 84 P MR TRM—1T, 7T RIHERTEE X
¥, RITATUES C\ETF
Ay * By +Ay ¢ By +Agp ¢« By + Az ¢ By
—Ap * By +Ap * By
—Ay * By —Ap * By
—Ap * By —Ap » By +A, . By, + Ay, ¢ By

An . B11 +A12 * Bm
52ARU 1IDMRE. HKpl, 4

C.=P, +P,
W C.%F
Ap B, — Ay, * By
+An * By +Ap ¢ By

An ° Blz ’ + A, ¢ By

5ARX@ 12)HR. 4
Cyn =P, +P,
#C%TF
A21 * B, + Az ¢+ By
—Ap * By + Az ¢ By

A21 . Bu +A22 ® BZI
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H5AKRW@ 1DMEAE. BE, &
Co=P,+P—P,— P
W C.%F
Ay + By +Ay By +Ap ¢ By +Ay ¢ By
—An * By +An ¢ By
—Ap * By —An * By
—Ay By — Ay * By +Apn ¢ By +Axn ¢ By
Ay * By + Az ¢ By,
SARAOMA, A%, AT 83 2/2Xn/2 EHEMIRE, EILER 0GHRE,
i, RIMNEBd 4 N5 TR Strassen Bk, WEXAERT ERMERERA, #H
KU IOZRET EREBITRE. B TREE 45 TEIRBEAXNBR T =00""),
Strassen J Z: BT R 24 MK F E# K SQUARE-MATRIX-MULTIPLY & #. &AZEHF &1
Strassen $5. 3 5E B B FH 7 THT A9 — 26 [A) R,

%3

wE: BRY%Y 4.2-3, 4.2-4 M1 4. 2-5 R T Strassen EIE WAL M, BARDN Z 5L 4.5
T, REFZAREX IR,
4.2-1 {#f{ Strassen B E I T HEMERE .

F A

SHITRENRE.

4.2-2 3} Strassen BEHE T,

4.2-3 WfAMBEK Strassen H Bk, (FZEMEMEME » AR 2 MAFMNFR? IEH. BXNET6
[ @),

4.2-4 WRATLIA B RFEEBRME (RE TRE W ZHRBABL) ERFA 3X3 EEHET, AR
PATE o(n®* BRI SEIR n X n JEREHATE, WEX—KMENBEKM k BED7 WEKNET
B[R] R B 7

4.2-5 V.Pan RE—Frek, FLIMA 132 464 IRIBIEIRIESTR 68X 68 MEREMITE, RIA—F
Tk, FTLAA 143 640 WAL BAESE A 70 X 70 EREAETR, B RA—F ik, ATLLA
155 424 R Fe L BRAE B, 72X 72 MM REAETR . M TR MR E LN, LR
BERBBENEHLEITHE? 5 Strassen BEkAHLL, HERBINT?

4.2-6 [ Strassen WRAER FHBRHT—A knXn EEEM— n X bn EEHET, BRRFEE
HREKEE? WHMAEEREERAER, EIZH R R,

4.2-7 BitEE, UMEASREHTRE T SERE R atbi fMc+di R, BEFERa. b, ¢
fd REA, HEREE ac—bd MEEH ad +-bc.

4.3 RARNERMBLAX

RIELB BT A WA A BTN, FEREINMREBBER, BRI
M RAETF I .
RNFERIEE R B -



48

F—®a E @ &R

1. B,

2. FIBCERMBERIBBPRER, FERBRIERY.

208 H BN A TRUMOER, RATEHFI AR RS, FHRBE“RAE”. XFFEHRR
K, ERILDFEEHE HFEAER, UEEEXARA.
BRATATARARAE @ ARE S ERETR. fl, RO E TEREAXN ER.
T(n) = 2T n/2D) +n (4.19)
BB AR GBAR G DF @ DM BRIVFEWEMES T()=0(nlgn), RABRBERIEH, hXH4
WEEH 0, TJF T(n<cnlgn., HERBEW EFANTEER m<n WL, FHRMTF m=
Ln/2], B Tn/2D<cn/2]1glln/2]). BHARABRER, B3
Tn) < 2(cln/2]1gln/2) +n< cnlg(n/2) +n

=cnlgn—cnlg2+n

=cnlgn—cn+n<cnlgn
Hep, RE =1, BF—SHHLWT.

BERNEERRINERAMBED T ZMHT OB MIEAX—&, RITEEIEAMTFIEH
B, HRFEBESENEAFBR., X#IAR @19, RITLHIEH, #iEE R B RHE K
¢ AIRAMER R T <cnlgn STFEZMHRBL . X—BERERTRES|IRAE. i, ITH
B, Big TO=1 2BAXE—MHRZME. 5t n=1, BRFKMHF T<cnlgnBEFH TH
llgl=0, 5 T(O=1FF. EHik, RAITHITLIER A FRA R .

BRATEEE AT — 8% S, AT LIRS, X 0 R A A RIS Bl
wn, 7E#AR U 1DF, BHERFSNBERBRIT n=n, IEBA T <cnlgn, HHn, REMNTLA
TENER, RITTURSFIAX—8, RIOVREREWAFFZMS T(O=1, RN IEFHNIE
B BE. FTHIX—A, EEMEZRNT >3, BAXFAEEKE T, Bk, HHEH
TR EAEN TOOESN TOM TR, #4 =2, T8, RITEREXWERFER (=
DFBGHERAMERER (n=2 M 2= XAFRT. B T(D=1, RNBAXEIH T2 =4
T)=5, B AZRIAWIER : MENMER =1, T<cnlgn, FEREFELBERKK c, W
B T(2)<c21g2 M T(R)<c3lg3. FXL Lk, il =2 EEBLRIE n=2 Fl n=3 WEARFH ML . XF
FRAFETRHRESECEITZRUL, ¥ RBARFZMAFERAABREIB/N n B, B—MERE
B, RITEAEEE B ULIAX 7 mR4,

i H Ry FE

BHRAR, FAFEAEEF N ERBNE AN ERG. BURERLE, BRETEAE
1. EBHR, RATLAEA— 88 RO B RO — MF R . R R DL AT AR
BRI, RAITEFE 4. 4 WERIX—F .

IR BRAR B IR SR I 698 T AR, IRAB— N RUNREAEN. i, %
Jr-3 ST = v

T(n) = 2T n/2]+17) +n
BRRMBEME, HAEEXAD THSEPEMTL7”, EERL, EMX—-TASBEY
R AREIE . Y kRt Ln/2)filn/2]+17 WEEARKA. ZREBIE n—2%, Hit, RITHE
W T(n)=0(nlgn), #RA]AGEFARABLAEXMEWZIERK (L% 4.3-6),

BB B R EIEHEEAXBMRW ERMTR, RS/ PMHENTEE.
ign, xFEERG 19, BRITTUNTR T =0 F i, BAEAXPEE »nX—T, &7
PAEBA— M ER T =0") . RIg, BITTLUZHRE LR, BATH, EZRSBEHE
EHRAE T(n)=0(xlgn),
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e 7:0F Rl

ABHRATRBIERS H TR IAXBOHER, B2 K AERNIEANRKT. REEE
HEPNBREABE, THIEHERKA. YBRXAEBE, mRESEN, BEEE—ME
Bre9T, BRI EE SRIR #AT

Z R TiEIEA.

T(n) = TUn/2)+T(n/2D+1
RINBWHEAN T =0(n), FHERIERAMEMEYELPER c» T)<cn BL. BRITKHE
WARAEIEK, B2
Tn) <cln/2]+cn/21+1=cn+1
XHAAERENEER c 88 T<cn, RITTEENMEZRBU—-NERMRE, in T =007),
BAMNX MM EUREEREHER, HERMNEBEN T =00 REHN. KRNI TIEHERER
B, RATLFUEH ERIFARIZ.

BEil, RITWBENRBEERY. RE—NEH1L, —MERT. HE, BRIERITEHAS
BABRBEHE—BRER, BNHERNEERSRM . TR E X 22 M Fe /T B 55 1
PR E—MEMT. FHRENRN T<cn—d, d RRKTFET OH—NEH. RITUES

T < (cln/2]—d)+ (c[n/2]1—d) +1
=m—2d+1<cn—d
RE d>1, WABMBL. SURT—#F, RAITUDHMEZERBRY o RN F 4.

AR R AW — MEM TINS5 ERRAEEN . B3R, WRIEHALERRKT, BRuxE
BREMMUAREL, BEMHAGEEARERSIERAE? A—&! YR HANEIERA -1 LR
B, PR BIEBA—AESSM L AT RESEEME—L, FER R TIEH—-AEHM LR, BRIERH
IERA R AAE A FEEES WA . EXRMEFS, YA EB8E—MRRTE, KR
FWE—MERH THERE BRX A BT —MER T . ZELBIP, BRITBEERIH
K, —KEX TUn/2DW, B—KEX T(n/2DT ., RITURER T(m)<cn—2d+1 4R, 7]
URAEZHRE - d B, FB cn—2d+1/NFETF cn—d,

1B 42 B B

HRASHERASRAS B, B, EEEARX G 19F, RAITTREE R “IER”T(M) =0(n) ;
W T(m)<cn, FLIE

. Tn) <2 |n/2D)+n<cn+n= 0On) < 4R 11
Ehc BREH. HRETRIFRIEESANBR AR -G HX, B TO<cn, B, 4E
I T(m) =08}, FEBNNMIEE T(W)<cn,

BMEETE

A, —AN/PORBEEE T LU — RN ERT RRTRERRER . fln, ZERnTE
J=Ew

T(n) = 2T(WnD +Ign
EEERMBEME. BRAITLESHEZRERELE. IHEERL, RIIFLELENSAREE
[B] %% n%ﬁfﬂﬁﬁﬂ@ﬁ%ﬁﬂﬂ 4 m=lgn, 183

T2 = 2T2"?) +m
ﬂﬁiﬁg Sm)y=T2"), BBFHEARX:

S(m) = 25(m/2) +m
b'ﬁﬁ)ﬂi‘ﬁ(tt IDFEER. XNMFHRARBLE G 1D BEHEAKNRE: Sm)=00mlgm)., H
M Sm)E#e Bl T(n), RITBE] T(w)=T(2")=S(m) =0(mlgm)=0(lgnlg lgn) ,



50 -+ H$—#a E@aiR

%3

4.3-1 iEH: TW=Th—D+n BRI O,

4.3:2 iEB:. T =T n/2D+1 KfEH Ogn).

4.3-3 RANIED T =2TUn/2D+n Wf#H Onlgn), iEH Qnlgn) WRXABRIIFX . M

‘ MEHEE. @R 0klgn).,

4.3-4 iEH . BEAEHMEAFEAEMNEBE, RIS ITYEH SRR &4, BIa] 575 A
R @ 1D BB REKM T =1 R EXE.

4.3-5 GE: JHIHEF TR EIE R (4 D MEN Bnlgn) .

4.3-6 iEH. T =2Tn/24+17)+n R O(nlgn),

4.3-7 4.5 PR EHE, ATESE T()=4T(n/3)+n BRI T(n) =0(n":*), L
FRE T <cn'* WARABERBIER X —S0, AR5 U 08 o 8 & —MEB T 58
BARABUEH .

4.3-8 A4 SHPHEFE, TUEH T =4T0/2)+n BN T() =00, HWHETR
B T <cn® WRABRBIEARX—LE. SRJE U6 108 8 8 % — ME B T 52 BRARA

PAEH .

4.3-9 FIAMATRENTEREBER T(n)=3TWn)+logn, VREERIZZEIEEHRN. b
HOBERTREH.

4.4 HizAW T ER BRI

BREATUARAE R EHIER - MEREEARNWERSE, ARE - MTFHBERUTRES
R, EHEER, WRATE 2. 3. 2 W4 IEHHEF A3 A et Brif s aRee, B4 i
M—FERMEREN T %, AR, BMEARA—NR—TFRENARMN, FRBEXRFR
BARBUAM. RITE#PEEHHARMNKRA, BAEGERN, REBHERHRM KR, 53
B Bk 338 05 78 A o SR

BIANBIE A AR AEBFHEN, RAENTHARARRBIERURESTESR. HHEHAEA
PRAERIFHBRUE, EEBREEZZ—SILAER”, BN SRIERVNRTER. |
SR AR A SR R, R ARANESRERBRESER. E£XF P,
RATH A PR AW A RIF R, HEE4 6, RIVEERBEEAMERIER TR
i 2 2,

RATLLE AR T() =3T (L n/4D+0(n*) HBIRFE—T tnfa] A IFRAE R —NF BN, &
FRTWTIFRBH—A LR . BARMMES A REZAXBEEBEEEW QL BIRRITE
BERZAREHRG— T, BIETUREIERE T(n) =3T(n/4) +cn? RIE—3 IR, HPE
HHHER SUENRENERRE 0,

&l 4-5 7R T MGBEIAR T(n) =3T(n/4)+cn® s H8Ia% . IHFERRL, RIVEE
24 REGEZAERN I —F), XHEHE FRBHIESRER. B 4-5@QBRT T,
BEA 45 Y RA—BRENHRIER . BEKPH on® IRFBHFATREHAL, BH=
BFRBRIEN n/4 BFRBHR=ENRN. B45QBRTH -SHERANMIE, ¥
B 4-5(b) FRH T/ D LSBT R, RINSEY B PENLE S, RE\RARXBEHRX

FHREMBERIANERR ST ETFLER.
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T(n) 7 / cn?
@ 1@ 73 /0(44)2\ /c(%)z\ C(?)z\
T(fg) 7(f%) 78 1) 7% 7% 1) (%) 7%
(a) (b) (¢c)
¢ (%) : c (%)2 c (%)2 --------------------- I 1-33 cn?
logyn / \ / \
C/(l%)\2 C(lﬂé\z 0(1116)\2 71%{ C/(l%)\z C/(l%)\2 c(f2) c(f%)\2 C/(i%)\z -------- e (1_33) o
Ty Ty ) Ty W) ) M) ) ) W) Tl) T1) T(1) e Ooesd)
nesd
) Bit: o)
B 45 WRBAR T =3TAn/4D+cn? HEBER. @WBRT T)» E D)~ DHRBET BN
BEARHTR, (OFBRT I RZEMBIER, KN log,nCH log,n+1 )

EAFREBMIESE— B0 E—E1 1/4, FiUBKRMREBIHALZME. BLABRERS
BEESH 1 MF IR Zm B ? WEER « 4SSN RN n/4' TR, B, Ya/d=1, ®
S i=log,n B, FRIBHAEAS N 1. Hit, BIEWE log,nt1 BOEENO, 1, 2, -, log,n).

BETRBENNE—ZHRN . SRNEEEHELE—BK 31, FHIREY i 2888
3, Eﬁﬁ—%?ﬂ@ﬁﬁ#ﬁ%k—%ﬂ@ 1/4, BrRAX}i=0, 1, 2, -, log4n—1, iﬁ‘:)ﬁjﬁlzﬂﬁ‘@
MERRRM KT c(n/4)? . —TREAH, Xti=0, 1, 2, -, log,n—1, TERN i WHELE
RIERIH 3'c(n/4)?=(3/16)cn’ ., WHBRIEEIRERN log,n, A 3= "=n"= A gK, B
AERH K TQ), BRMR 2T, B oG, BAEE T(OEEE,

RAERNRIABRRNZA, FaZ B

2 logy m1
TG = en* +Sen® + () e+ () en® + @@=

logg n—1

> (% )icnz +@(n*)

i=0

loggn __
— (3(/31/61)60;4_ 1 ].an +®(nlog43)

(RIEAR (A 5))
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BREHXNMAREBRALEREL, HRIOTUFKELSFHA—ERENAER, 3R HTRE
BILTRESER LR . EiB—$, MAAK(A 6), RIEE

logy m—1

Tw = 3 () ent +00) < 2(%)271%@(#%3)

i=0

= T )

= -}gcnz + O(n=*)

= 0(n*)
X, XMFEBEEIEAR T()=3T(n/4D+0), BRIATESH T W T(n)=0*), 4

Bl on® KRBT —MBEBILAEE, ARAAK(A6), BHXEREWMMY -4 L

F—HEH16/13, B FRE ST SRMBTERA cn®, FTUARE R S B — N
Bl BAESL, MREARRN SR T RN A .
Lhrl, MR OEHELRBIERXN LR REERSIEHX—E), RABLRER—EH
F. Aftar BAE-KERAFANRN R 0, Hit Q) BDRRBFARK—ITFTR.
RAERARABRIERBNZERY, B T)=0)Zi#IFAR T(n)=3T(n/4)+00") H—
M EFR . BROFBIUER To<dn® MENER >0 Br. 52—, FREE 0, RITAE
T(n) < 3T n/4)) +cn® < 3d | n/4]2 + cn? < 3d(n/4)? + cn?

= 13—6an + cn? < dn?

Hd=(16/13)c B, BE—HHRBIL. cn wecn

EF—ANBEEEH TS, B46 BRT
AT AR . / \

T(n) = T(n/3) 4+ T(2n/3) + O(n)
CHMEEL, BREHT &ARE Sz e [\ /\
—F, é’\ciﬂ—% O(n)lﬁﬂhﬂﬁﬁ'%rlﬂ?-o Xt B o c(g) 0(2") c(%") c(4”) -------- - cn
R HRARGEREK, YRAHZA Pvoih g
o, RIVZABRHAMEIR cn. MRBIHH C '
BRKERABER n>(2/3)n—>(2/3)n—>+—1,
BT k=log,,n B, (2/3)n=1, HILKE Bit: Otrlogm)
bl loga/zn,, K 4-6 #BAX T(n)=T(n/3)+T(2n/3)+cn

B L, RITHEREXNEBRLSEBHERUEEHARH, B OCen log,,n)=0(nlgn), {8
B 4-6 (NBRTHEMWTHEILE, HAARBAWHENBRGRMER cn. FEHLEHHR
#r. GBI R —IRRER log,,n MBI, N4 R BER K 202" =n"%e", BF
BN SR IEER, BRIIAENESHERNHI 00n*2?), BTF log,,n B™HKF 1K
EH, MR ARN AR Qnlgn)., BREARNFARELE XN, BEHERBEE/NT
nrt, TiH, YMRGERES R TFEN, BREBEHHGESRBRRN, Bk, BANPETH
BT BRPBITERANTF cn. RAITUITHEHHAERNOERE, FIEERNRAEFERH—
AEW, ATFRARE. RITERBZ AR, ZRIEBNKN LR Olgn) RIEFHH .

AT LT AR AERAE O(nlgn) B# AR — EH . RITKIEH T()<dnlgn, H
fdRB—-MEYWEEH. RIMNA

T(n) < T(n/3) +T(2n/3) +cn
< d(n/3) lg(n/3) +d(2n/3) 1g(2n/3) +cn




FI4E SERBE

= (d(n/3) lgn—d(n/3) 1g3) + (d(2n/3) lgn— d(2n/3) 1g(3/2)) +cn
= dnlgn—d((n/3) lg3+ (2n/3) 1g(3/2)) +cn
=dnlgn—d((n/3) lg3+ (2n/3) 1g3 — (2n/3) 1g2) +cn
- =dnlgn—dn(g3—2/3)+cn
<dnlgn
RE d>c/(1g3—(2/3)), B, TFXHBIEWNOAMETERHBITE.

%

4.4-1 SHEPRX T()=3T(n/2)+n, FIABREAMHE—MFHOEHE LR, ARAER#ST
.

4.42 IHBAR T =Tw/2)+*, FFBENTE—NMFROEHE LR, ARAERESRITRIE.

4.43 SHBIEAR T(w) =4T(n/2+2)+n, FIABREREE—NFROEHE LR, ARARET
IiE.

4.4-4 SHBAR T =Tn—1+1, FlIABREANFEE—NMFREHELR, ARABBITERIE.

4.4-5 BAR T =Tn—1)+T(n/2)+n, FFLBEANEE - MFROEIE LR, ARAE
HATBIE.

4.4-6 XHBARX T()=T(n/3)+T2n/3)+cn, FFEAWISIERBEHRN Qnlgn), HdcH
HE.

4.4-7 HBIAR T =4T(n/2D +cn(c HEHO, BEHFEIAW, FH4A HELEH— UL ER
. ARAEH#ITRIE.

4.4-8 XBEEAX T =Tn—a)+T(a)+cn, FHBIEPWAE —-IEEEHRBE, EPa=1H
SOREH.

4.49 XHBEHER T)=T(an) +T(A—a)n)+cn, FIFHBIAWLE B —8HEEWR, Hd o<
<l fl >0 BB

4.5 REFERMBBARX

FH AN TR RR AR T —Fh S WK
T(n) = aT (n/b) + f(n) © (4. 20)
Hep a1 Mo>1 BER, fORUHGEERK. A THEAETE, %¥$frj_ﬁ’ B, {EREJE R
RATUBREGHRFREFEAR, BEATFELNENHL.

BIFK . 20 R R —FEIENEITI R . BN n RIS RN o >FREE,
BAFRIBHER n/b, K afMb HRIEFEH. o N FEEEEMHFITRE, BNEHRHE
T(n/b), ¥ f(MEET REMERTRIEFESIWARM. B, #R Strassen FL TR
B, a=7, b=2, f(n)=0?),

MERWIERMELEE, HiEERER EHFARRIFEXK, EH /b TREARER. B a
T T(n/)EE R T n/bD K T([n/bD HAL R IT A BT R GRATREAE T — I iEB X7
). Bk, BITEFEXAYETXMENNSBEENRAXN, ZBSARNERBHIER.

EEIE%

FHEERB T IENEH.

EEAVEEE 4ol P>LREH, fMR—ABHK, TODREZLAEEFEH LY
#)aX.

T(n) = aT(n/b) + f(n)

53



54 « SH—ipa E & Hif

F P EAVHE n/b BB K n/blRn/bl. AL T() F 4= F LR
1. ZHEMFHS0H fW=0G"), B T(n)=0(n""),
2. Z f)=0"*), W T(n)=0""lgn),
3. ERHEAFHSOH f=Q@H"="), BHEMFRK <L FHARBRE A af(n/bD<
cf(m), M Tr)=0(f(n)). n
EFEAECEZRE, RIE—FIILNRAZRXER-TENETL. ¥F=EMBHHNE—
M, RIMEER Ff(DERR i #ITHE. EXEL, BAEEBERERETEHARNNRE.
HERE A ER, GER 1, AR T() =0, ZHERH fFEKX, MER 3, WEHR T(=
B(f(m) . HWANREK/NMEY, WFR 2, MR LE—-IPHEEF, BN T =0 lgn)=
O(f() Ign) .
EWERZIN, RINBETH -BERAN. #E—-FFRP, FE f/NF = BRET,
MERBEZWMAB X LHM/NF., R, f)BHEHE/NT noe, BHE—IETF», Hb R
KFOMER. EE=ZFHELP, PR fMDKF A RBT, MEELZHABRL LW KRTF, MA
REWHREN"ZME afn/D<cf(m), BRITHSBINESTRFKRE T, SEEWHRILEE.
ER, X=FERIFRES fOWFETREE. BH 1 AER 2 ZRE -SRI, f(wA]
BBANF % BRREZTMAE X /N, 200, H0 2 fER 3 ZRINBAE—ER/EK, f(H]
BBRTF % BERRETMREX LW KT. MREH fDFEXHANRIPEF, REFH 3 PER
BIIEM &AL, A RRGE A £ Bk ok g% I3
EREHE
FEREFERER, RIOIRAFHEEZSHENWBMELRL, BIATHERR.,
ROVEFTEXAHIF
T(n) = 9T(n/3) +n
WFXABEIAR, BIIE a=9, 6=3, f(n)=n, Y n*®%* =n*%"=0"). HTF fF(W)=0
(n®°7), K e=1, FEWATMINAFEHEMER 1, NMBAR T()=0"),
LR
T(n) = T(2n/3)+1
Hedra=1, 5=3/2, f(n)=1, HH, n®=n"®r'=n"=1, BTF f(n)=0#"=*)=0(1), FHIHMN
BN 2, NiB2I# T(n)=0x1gn),
Xt g
T(n) = 3T(n/4) +nlgn
RATE a=3, b=4, f)=nlgn, B n=®=n%=0E"), BT f(n)=QEH"=**), Hrhex0.2,
B, nRETLAER IE R SRS, BIRT RSOl 3. X n BB KRBT, X F c=3/4, af(n/b)=
3(n/D1gln/H<(B/Dnlgn=cf(n) . HL, HIFLR 3, BHEKKEN T =0(nlgn).
FEHEAEBATITEERX:
T(n) = 2T(n/2) +nlgn
BARAXNMBERRFBREEBYWER: a=2, 8=2, f(W=nlgn, LAJk n%°=n, {RATEELERHD
INHRZN G 3, AR f()=nlgnBHEKTF n's =n, MBHEECHARSTRNEX LHK
F. SHEREEE e, HHE f(n)/n%=(nlgn)/n=lgn BREHE/PNFnc. B, BIEARNEATHL
2 FIEN 3 Z I EIBR (LR IA X MRS WY 4.6-2),
BRANTAAEFERBEL LT 42 PG RIHBEAEARUG D,
T(n) = 2T(n/2) +6(n)
TZIE T B FEA R B EFHF 6B B s 176 E) G BUE F i, RIMZ T#A



$4E S BERME

RPEAFREHER) . X8, BRITE a=2, 6=2, f(n) =0, HI n==n2’=n, fF
f)=0(), MARK 2, FREZH® T(=0hlgn,
PR A1),

T(n) = 8T(n/2) + B(n*)

ERHARTEEREREE - NTREERNEITEE. RITE a=8, 6=2, f(0=0"), Hit
e =n%t=n BT BHABXEKXTF f() IRt e=1, f(n)=0")), RAKR 1, #
H T)=0x),

BJE, BRIMEE#EPAR4. 18),

T(n) = TT(n/2) + B(n*)

EH#RT Strassen BIEM B ITHE. XB, RATE a=7, 6=2, f(W=0*), H n*= =
a2, ¥ log,7 BN 1g7, HTF 2.80<1g7<<2. 81, RAVHMHEN e=0.8, & f(W)=0n""), H
WM AER 1, BRITBAE T()=0x""),

%3

4.5-1

4.5-2

4.5-3
4.54

*4, 5-5

FFFEIEAR, EHEFERBEHEERA.

a. T(n)=2T(n/4)+1

b. T(n) =2T(n/4)+v/n

¢ T(n)=2T(n/4)+n

d. T(n)=2Tn/4)+n’

Caesar B RIT—MNWHERT Strassen BRMERFHTEE. MNBERFERMEFTE,
VBNEREDN BN n/4Xn/4 BFHERE, SHMEMAFSRILER 0 IHE, MEEHE,
HHERETEQUREEZ DN FEB, 88T Strassen Bk, MR EELBIRE o ~FR]
B, WHHRZEITEHE] T) BRI R T(n) =aT(n/4) +0(n?), Caesar FHIFHEEINR
BEWIERT Strassen Bk, o WEKBHRENEEZD?

FRAEFEIEH: —28ERBHAR T =Tw@/2)+0D) HER T(n)=0(gn) ., (Z432
BRG] 2.3-5),

FHEENATRAR T =4T(n/2)+n* 1gn B7 EEBHANH AT UHF RH AR
Plo % HXABIFRE—MEHE B

ZBEEEHER 3 H—H: MEMNER <1, EMNKE af/D<cf()REBL. &
—AMEIF, HPER a1, 6>1 BRK FWHEEEEBNR 3 PRIEMNKEINFE
- JL N

*4.6 ERAEEIR

AVHEEEHECGER 4. DWIEHA., HMRREITHEAFEHE, RALHEBEXERA.

IEBIA AFEERSY . B4 ERAR . 20), HEEEL, BE TOIUEXIE 6(b6>1)
BREL, B n=1, b, &, X, X—HAAETHEBREIEHRERNTTHOTAER
iR, BTRHAER T IMTESTY BRITA EEE n; X—I400FH T AL H T # i _E B
BB EETT

AN, RONAENSHEERSHERS, FARERMNIUE X b MR ENEENTN. H
12—, WHERSHE XERXNITE RS RRSERER R0 R, AR 6 85, BERH
P U A TEE{6: i=0, 1, 2, «} EMARFEEAB EFHHEFEFS, FFUXH
G N
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F—®s E @ miR

R, HEAE—AR RS L RAWHER Sat, BB ZI/NG, BafRSRNEgt.
Blan, *fn k2 HREMBRIEH T(n) =0 HFARHRIE T(n) =0, EEH T(n) AT BERIXFEE SCHY :
T = n #En=1,2,4,8,

n Hfh
WHHERTFHAE nHNBELRNI T =002, BTFURSBXMTERE, A L
HENAREHBEL T, KEUAEE—ERMES EERERS.

4.6.1 b HFIEAEEE

FE BRI — 4ot 2 A= (4. 20) .
T(n) = aT (n/b) + f(n)
BE n RoG>DWR, b A —ER—INMEBH. RITEIWIBIBEAH=1FH. £/ 5%
K#EFAXWEBELEL I — N RAMBEXWRERE. BN HEBEXNMMANHR. £=
ANB|HERIH G HE = A—, iEH 2 B o WERNBA TR EEH.
5142 4a=l >l RZFH, (WA ANMEXLENFREGERAIK, TWRELE
ey F Loyt X,

Tt e Ean=1
n) = .
aT(n/b) + f(n) #n="b
i RERK, AL
|08[,"_l
T(n) = @) + >, df(n/b) (4.21)

j=0

iERR  (EAE 47 PRBIER. MPRERBRNHI f, BF o METFER, S RGN
K fn/b) . C a BE—NEBEAER B E, LTS Rm e L miL, EAPCEEAEHRER
X—R). BMEFERNE aMBETF, FREREN2HBRLEE & MR, BIMHRANR
/By, — i, WEN WERREF I ANER, BRI f(/6) . BAE RN A
T(DH=0(), TEN log,n, EHH /b= =1, HhILE s =n"s 4K,

Sin) i Afin)
/q>\
Afnlb) Anlb) ((71;) IR - afin/b)
a a a
log,n
fnlb®)  fnlb?) ---fnlb?) Anlby)  fnlb?) ---fnlb?) fnlb?)  fn/b?) --fnlb?) weiv- a?fn/b?)
@(‘l) @)(‘l) G)&l) @(.1) G)(II) ®('l) 9(’1) @(Il) ®('1) @(.l) G)(Il) ®('l) @(ll) e O(n°%)

nlog,,a
logy, -1
Bit: 0w T afnb)
j=0

B 47 T =aTH/b)+ fHERR . BERE—RTEL o XK, BEN log,n, FFH s A0t
%5, BREAARMBRELAN, RTFIMAR @ 2D B



FAE HEKRBE - 57

AR 4-7 Frai@Iam - MR A R RMRM, BRIAKXW. 2D, B’ERj WFEA
RN K o’ f(n/V), FTLANERE S8 SRHH -

logy n—1

Z af(n/t)
ERREP, ﬁ¢ﬂ§ﬁﬁﬁ?ﬁﬂ5éﬁ?l‘ﬂ@ﬁﬁgﬁmo B 25 SR GRR BT
F = AP 1 WFRBERRM R 0(n=), [

MBEWE, FEBH=FFERLSFIRR LT =ZFER . (O BERY &R Rk
E; QOB ERMBTIHRAERKIERKLE; GOWHSRM BB SR MIRE.

AX@ 2D PR FER T HEEER P AR SEHSRORN . T—EHUA L TX4
REKEEHHHER .

3|43 4azl P>l RZFH, (WAANEXLEIHRLAET IR, gRELE
bEg R Loy TR,

Iogb n—1

g = D) df(n/b) (4.22)

bR, g(n) B T HFER:

1. ZEANAEH S0H f)=00 %), A gln)=0n"%"),

2. & f)=0"), M gn)=0(n"%" lgn),

3. ZREANER <L FHARBRE nH af n/D)<cf(n), W gn)=0(f(n)),

ERR XHEL 1, BRATA fD=0"""), XBHKREF f(/V)=0(n/b)=), RAL
K. 22)15

log =1 log,, a—
gln) = O( Z:: a (bll) ) (4.23)
XFF O 5 M, iﬁﬁﬁm@%ﬁ“ﬂﬁ“ﬁ%;ﬁ I:.l?‘Jﬁn EE Rt B L INCIES S @
log, » i log, 1
S e ()™ = 5 (L) = e ST ey
— s (bs—b‘ _'—1 1 ) ploss (Z: — % ) 100

BT ofMe BEL, HETUKEERE—NRERNEER i 00)=0n""), FAXIRZIRR
BRK (4 2P AR, BE g(n)=0E"), HIFLR 1 HHE.
B TIER 2 BE f()=0x"%), FHIE f(n/0)=0((n/t)*=), RAAKWU. 22)15

logy n—1

s =0( 3 o (2)™) (4. 24)

RASHL L R, Kb ®H%V\]$ﬂﬁﬂgﬁ fﬂzivt#ﬂ&4§¥|]~/\nﬁ£&§k, i 2 & B
MAKE—IEHEMAFR K .

log,, m—1 log, a logy, 1 j log,, n—1
Zo & (_bnT) P ese 20 (bh_‘:b:) = plog,a 20 1 = n*%elog,n
FAXANFEBRBRARU. 20 FKFK, RITET
g(n) = @(n™ log,n) = O(n"®* Ign)
1EH 2 1Rk,

B0 3 BIEBAZEl. BT F(n) MBIZE g(m) ISE L (4. 22) 0, H g(n) MBI TES R IE
FEUL AT AR LSS X6 R, g =Q(f(m). BEEXFIHEF, WNEMEH <1 FFER
BRE 0 af W/ D<cf(n), BEXMEEEEBE R f(/D<(c/a) fHER j K, BE f(/6)H<
(c/aY f(n), BEEMHM, o/ f(/)<If(n), RPBREHTERNELBK. BTFRE—1, @
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BRERB/NYER n/b", HBBRE /07 REXBRET .
RAAK @ 22) 3446, BATBB IS, BEE5HRL LERPHRIMEEARR, XK
101] BEMEBRBKIVATEE. EH— ODTRER n BEXXMRRZRE XM

log,, n—1 log,, n—1

g = 2 df/B)< 3 If (m+0M) < f(m) ¢ +0)

= @ (7= )40 = 0Cfm)

EH c B—MEH. BEATLBALELE. oM, em=00/). 1F 3Bk, F/HEiEkE. =
BERNIRIEHA n o HRENBERTHEEH,
Sl 44 4alFb>lRFHR, (WA AEXLEIVAFEGERIE., TWRZEXLE
by F Lehi#)aX.
e EFn=1
aT(n/b)+ f(n) EFn=¥
AP iREEH, A2t 8F, TH I THLER:
1. ZFEANFTHSOH F(D=0""), B T(n)=0(n"%*),
2. & f)=0"=), M T(n)=0(n"%" lgn),
3. BHEANFH S0, A f(M)=Q0n"™ "), FENEMAEH <IFHARGKE n, &
af(n/B)<cf(n), B T(W)=0(f(n)).
iERl  FIATIE 4.3 PRRXFIHE 4. 2 PRI 4. 2D HITRE. MEFR 1, RIE
102 T(n) = @(n°%*) + O(n ) = @(n"%*)
Xt FEHR 2,

T(n) = {

T(n) = O(n"") 4+ B(n°%° lgn) = @(n'®* lgn)
X FIED 3,
T(n) = O(7*%*) +B(f(n)) = BO(F(n))
BR f(m =%, [ |

4.6.2 [ TEREME LEE

HTRBRECHEMIER, RITLHE LR B 3836w T R M bR
RIEGL, XERARXME XAEFRABH L, MIAEMUNE X 6 WFE. BESEBUNTHEARNM
TH:

T(n) = aT([n/b]) + f(n) (4.25)
PR TR R

T(n) = aT (/b)) + f(n) (4. 26)
FERBATAT A E—F BT R n/61=>n/b RBAFIFLER, WME_MBERMA LR /6]
n/b, AJMERJLPE—RERB AR AL EEIFR (4. 26) W T AFBER L. 25 L7, HHRIR
B E— R HER.

X 4-7 FREBIEARETEY, BRIE 4-8 PRGN . HHEBIEME TR, RAITEBM

TRABAYSEF .
: n
[n/b]
Mn/b]/b]
Mn/b1/61/8]



$I4E SR H -

i n RRFFIHEE ] ATTR, HF

_n #j=0
T ["j—l/b] %J >0
RITE—NBIRRHE n REHEHPRE L. FAAAER 1<z +1, TR

n<n

n1<“Z_+1
n2<b—’§+%+1

"3<b—ns‘+b—1z+%+1

L b

<_"__|_§l £+il=
NSy T Sy Ty b—1

T

4 j=|log,n], "I1&
n b

(4.27)

n b n b
M) < gl 51 gV —1 " a6 h—1
= b+-— o)
HRATTIAEBERE log,n], MEBMEZEZRELH.
fn) fin)
1 /ﬁ>\
j(nl) ﬂnl) fn) e, e aj(nl)
finy)  fn) - fn) Sm)  fim) - finy) fin)  fim) - i) e HIN a*finy)
o) o) &) o) e() ed) () e) &1) &) - &) &) O(l) i  O(wne)
O(nous)

Llogy n)-1

Bit: O(ns)+ /§ afin)

B 4-8 T =aT(n/bD+ f(n) B9BIFH . BIEFSE n; FEXRAR . 27)

Llogyn -1
T(n) = (%) + Z} adf(n;)
BT n 79&%%& KEBRK b RZS, XNAR ‘3/\it(4 2D JLP—HE,
HATIAETT LASHAR (4. 28) H AR AT R (E

(4.28)
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Llogan—l
gm) = >, df(n) (4.29)

FEE5138 4.3 WIERAREL. RATAER 3 FFif, WMEX n>6+6/0—1), af([n/bD<cf(n) &K
I, Hi <L BEH, WA f)D<If(n). Bk, RATTLUAREIH 4. 3 BEH—RERIT AR
(4. 29 AR FATRME . W TFHER 2, BIATE (W =0%), THREEIEH f(n,) =0 /')
=0((n/&)" ), WIEH 2 FIEH E AT E 4. 3 BT ET ., MED j<|llogn JEKkE
b /n<1l. F f(n)=0n"%") BREFIEFE >0, HHRMNHFARBRE n,

f(nj)gc(l:l_f-i—b%l)m“=C(I%(1+%.[.’%l))bg"a
= () 1+ (& 2))™

<) (1) ™ ol )

BA c(1+b/G—1)"™RHEE. FHit, H028HE. H50 1 WIERALTFR—FH. XERIEH
F fo)=O/b)*% ™), XERITGFOL 2 IR IR RIERAARML, REERMAREO TR 4k,
RERMNCEXN AR 2 EN T EEHH ER . THROIERAEM.

%3

*4.6-1 Xt o RIEEEMIEEZLHMER, FHARU 2DH n, MIERTAETNEBER.

*4.62 FEB: WFE f) =00 lg'n), Hr £=>0, WMAEBHRMEN T =0(n™" 1g"'n),
hfE R, BEn b HE.

*4,.6-3 IEEH. EEHEHHHEO 3 BIABRAT, NEMEX LR, MEMEH <1, ENLK
#H af(n/D<cfWBIAEERBREFLEEE 0, #8 f(=0=%"),

BES
41 GERXHFAF) NTHEMNEER, 8 TOREELRATR. BE <28 T(EE
B, AHREEHRNT, FRIEHERE.
a. T(n)=2T(n/2)+n*
b. T(n)=T(7n/10)+n
c. T(n)=16T(n/4)+n?
d T(n)=T7T(n/3)+nr’
e. T(n)=7T(n/2)+n

f. T(n)=2T(n/8)+Vn
g T(n)=T(n—2)+n
42 (BHEBERD) RINE-ANRFFABEHBRE—IBEAATWSREREREBEE,

Bpffs s — i NP R ABRIE. EREFRGES, XMBREBLHM, BhEHR

MR M BE RS, TIEBAEE. FEBITR=MHS A HRE .

L. BALEN TR KA. BFE=0().,

2. BHBEL TR EHRMERE. WHE=0N), Hi N 2EHHHAE,

3. fBdEn, REFSBTREHRNTRIR. #7854 Alp. . ¢J8E&#, NEHE=00(g—
1,

a ERAFFELAFERTREWBELN-AERBEE SRS 2.3-5) ., 4H4AH ER=F
SPERERT, —ERBENEREFTHEINREAR, FLHBPAXNBHITFHLER.




43

44

45

FAE B ERE - 61

4 N AREEBEHEL, n AFREEHIE,
b. %f 2. 3.1 4% MERGE-SORT & Eff(a) . 107
(£ 3098 XHF) WTFHEMNERARX, G TOHEHE ERMTR. BREXTREB/NY
n, TWRER. AHRBEHNF, HEIEHIERY.
a. T(n)=4T(n/3)+nlgn
b. T(n)=3T(n/3)+n/lgn
¢ T(n)=4T(n/2)+n*JVn
d. T(n)=3T(n/3—2)+n/2
e. T(n)=2T(n/2)+n/lgn
f. T(m)=T(n/2)+T(n/4)+T(n/8)+n
g T(n)=T(n—1)+1/n
h. T(w)=Tn—1D+ lgn
i T(n)=T(n—2)+1/lgn
j- T =VnT Wn)+n
(EAARE) AR (3. 22) & LRI RBEOHER . RO 64 R B
ARERBEFRRBAR . ERBB(XHEAERABREDF € XH

Fl) = iFiz" = 0+z+2% +22° + 32" +52° +82° + 132" + 212 4 ---
Ho F, R85 AN EBIRRE.

a . FR=2+zF(+2 F(2), 108
b. iEM .
e 2 _ 11 1
jf(z)_l—z—zz—(l—*ﬁz)(l—&z) [(1—¢z 1—$z)
He

= 1+[ — 1. 618 03+

p= # =—0.618 03+
CoﬁEBE:

oo

Fl)=>) —(¢ -z

i=0

d FIHC@MERIEN: X i>0, F.=¢/5, ZREAIEBENER. (7. WED
|3l <1.)

G& X #)  Diogenes HIEA n A RER 2 —HRNES B BN, FHE AT FAREER

. FEOWKXLEFE REEFNFBRE . YR BER Ert, SEHRERFHENS 5,

FHMEERITFRE. —PIFHER BREERRE S —EHFMFR, BEEREFEERS

FREMER. Hit, 4 FHalErNRERINT .

HHARGR W BRIER % ®
BRI A R4 FIRERIFH, SRR
B 24FH) A RRH EL—RERH
B2 A BRI BEL—RERH

B ESAH A B N
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4-6

F—Ws £ wh M iR

a. IEB: WFEBA n/2 ButhFRINH, FRAEARTFXFHZETENBRERNFER, BERBEAR
BET IR i BT . BUEIR S AT AR IR 4R .
b. FEM n ISR P IFR—PIFE BRI, BEBT /2 1SR BT . B #1Tln/2]
WA 2 LA (] RE AL
c BEET n/2 s FRIFH, IEH: TUHOMKREXMNBUKBFHER . AHERE
WA=, HRBE.
(Monge BE31) X —4 mXn HEHREFI A, EXNHAHR 1<6<b<m M 1<G<U<n B i,
i kFILAE
Ali,j]+ ALk, [ < ALis 1]+ ALk, 5]
MFx A & Monge f&F1| (Monge array) , #A13EYL, ToiSfaatk H Monge B3 BB 1T FIBE51 ,
MFEXE LW ANTE, ELMETHATEZAERDMTFETFETAA ETEZHM,
B, FEBER— Monge 51 .
10 17 13 28 23
17 22 16 29 23
24 28 22 34 24
1 13 6 17 7
45 44 32 37 23
36 33 19 21 6
75 66 51 53 34
a. ﬁEEﬁ —/I\MEMOUgeIEFﬁ'J%!E&%Xﬂ‘EfﬁFL 2y *e0y m—1 *ﬂj=19 2y oy n—1, ﬁ
Ali,j]+ALG+1,i+1]<A[L,j+1]+ALi+1,5]
B MFY WIS, ST RFERIENE.D
b. TEHA AR Monge 5], BE—ANTTREMEHEA K Monge 5. (RF: FHMK
2R
37 23 22 32
21 6 7 10
53 34 30 31
32 13 9 6
43 21 15
¢ & fORRE ITHRER/NTENII Tis. iEH: WMER mXn i Monge 51, (L
FO< <L f(m),
d. FTEER—MTE mXn ) Monge 531 A B—1TBREB/NTEWMEE LR .
REAHWBERITHELTEFRA . BHIHRATAGTHNRERAITE.
RENEAWHTHEAWRERNTE.
BRI Om+n) B EANHE A WEHEHITHEER/NDTE ERBITHRER/ITE
BEHMERT).
e. B DPHRHEERNBITHEREIER. IEREERN Om+tnlogm).

FEFID

BV —FEETOHRARZ DT LUE B2 1962 4 Karatsuba I Ofman B —f X E[194 ],

BRAEXZH, MEHEARCEEBRIFHNA, #HE Heideman, Johnson Fl Burrus £ [163],
€K - BEEER - BHiFE 1805 FER/ITTE - MREBEMETHELE, MEFNEESRREER



FI4E SBRMBK

RN E/NIFIE, R\BEFRBEBEINBHARER,

4.1 FhiHS MR FEA AR 2 Bently[43, 5 7 ZIHFR A B K — MR BT .

Strassen B#k[ 325K FF 1969 45, ERHIASIE TR AMERSN. EHZHT, BOABKE
—ANE S RREHE R T LB B SQUARE-MATRIX-MULTIPLY, %[ TREE HWHE E R B Btk
#T. BIERINIE, nXnfEREHTRAHTIE R 24 B B & Coppersmith Fl Winograd[ 78142
HE, BIFREN O ¥), BEAMBIFHN TRERR QW) XERERN TR, BARITLH
HEZREREN n* M) .

MELFWMAEE, Strassen BHEE HARMBUIIEGETE M BITERE, FESF 44

1. B 7E Strassen H ¥ BT HI[E] @ (2*) P A ¥ B H F tb id 2 SQUARE-MATRIX-
MULTIPLY # @) i [ B # 8 T K.

2. MTHmBERE, THEERER.

3. Strassen Z ¥ K SUE e & M A I SQUARE-MATRIX-MULTIPLY 3f 4 87, #4)iEdi, &
FiHENITEEBBEN AR KB, Stassen H ¥ B KR £ b SQUARE-MATRIX-
MULTIPLY k.

4. BRI P RM TR HEFESE.

EWARETE 1990 £AAHBR T R% . Higham[167]87R THEREN LWERBLFRAT
B4R Strassen Bk xR AR GIBMER EHERE, EXEMNARNE, BHRFEANRERER
TR BEZAITEE . Bailey, Lee 1 Simon[32i1if T F&fik Strassen BB NFET KRR,

LR R, TASE AR R PR TR P A A R AR R i — AR UK VBT 8 A Strassen B
%, —BTFHEAEREIRXEZT, BRI ERENFTE. KX EANHTEREKS
TFEAKRSG. A—LogiHERE, B2 CPUZEMRBKENER, BHHNTXEEE
n==8(Higham[167]) 8f n=12(Huss-Lederman % A[186]) ., D’Alberto 1 Nicolau[81]#&3+ 7T —4*
HENTE, ERGaLEsrREdEENRRmERL R, i1k, ERRANESEL, X
BB n=400 B| n=2 150 254k, TTEJLDNREF TERBIZE LK.

BARXWAREETENE 1202 FERNE - EWPRHTIE, LHEPZHEE Ui S
. A. De Moivre 2 T A& BB (S W E LM 4R PRMN T . EHFERH Bentley,
Haken fil Saxe[44 1/ 5 ¥, XREXERBET MBI L, £4%F 4.6-2 PELBIAKIE.
Knuth[ 20911 Liu[ 237 1f&7R T Q{5 F A= i s B O v SR A4 33 )3 . Purdom #1 Brown K8
X[287]% Graham. Knuth # Patashnik B3 3C[1521 8 T3 AR @ E— 318 .

MM FEFEARBHIVEEZBAR, ZE2HRE, ©F Akra fil Bazzi[13]. Roura
[299]. Verma[346]% Yap[360], #R4AHFE—MABEIARNKRBEI . BRITNB—T Akra F1
Bazzi 455, XEAH KR Leighton[ 2285 W ARA . Akra-Bazzi FEERFEIM T E R A3
J=Fa W

e #F1<z< 1z
T(z) =4 & (4. 30)
T DaTea) + @) x>z
i=1
He
o =1 B—1EH,

oz, B—NER, WRXi=1, 2, o, kb, 2=1/b B x,>1/(1—8,),
o Xti=1, 2, -, k, a; B—PEEH,

o Xti=1, 2, -, b, b B—EH, HEE <L,

o k=21 BR—1EBHEY, B

63
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64 - HE—i49 E @A

¢ f@OR—AERRL, WESTMAEKEY: FEEER a e, EBXMFE 2>1,
i=1, 2, =, & u&ﬁﬁ';ﬁﬁﬂbﬂi<u<x B(Ju’ ﬁ C]f(x)<f(u)<62f(x)g (g’ | f/(-r) |
W LEFR z WREANAZTR, W f(OWREBHAMKEZM. S, MEZLFER f1p,
f()=2z"lg°x W RILFA D

BRESEARENATF T)=Tn/3D+T2n/3)+0)x#ER3IA=,, {8 Akra-Bazzi J7

B R, R TREEIERL 30), BITEETRER ;)a,bf = 1 W pCXBER p BRTE
#) . IABERIEN
T = (= (14 £244))

Akra-Bazzi 7735 AT BB RULMERT , (BB RURMBIRLE 7 BRI A REEmE AR, EhE
REZGEA, EBRRRTFRENERSNFL.



| 455%

Introduction to Algorithms, Third Edition

1k = 43 B MIBE BL 5 2K

FENBMESHAENEE. MREFRABHRLHESNR, PCRBERRC, EIX
k. BRATEEABHSRBRBRI T MEEYLR .

51 EREE

BARE R F—Z B A B, RERNERZEHERUT, TREFRER—EAR
H, BRARESRAFREE-NBE. FREEXXMA, RERERTREMAM. FOFANERER
RE—/PNERA, UEERNEE. RMBEANEA—-TNUBEFREEEZHNER, BEARLIH
HEEHATRHABE, FREMN—REPNHARANE. RRBEEMEER, BEREEEHAR
HAEXTRS . HiL, RREETREEMNEEE, WRZNEBELEMHIABEESE,
MEHEYANDMABE, REEAFN. KEBEN XK %, EREREHEERRASE
z0,

THE% i HIRE-ASSISTANT 33 72 AWMU FR 2R PSRN . RELAIIE I BY BB iR A
HER 1B n, ZABRPEREMFEETXTHNEE (5, REMNEE  RTEKBTRIHRE
Ak, Wi, BIRAIE—MBINMEE, Hi58 0, MILHAMREMBERE.

HIRE-ASSISTANT ()
1 best =0 // candidate 0 is a least-qualified dummy candidate

2 fori=1ton

3 interview candidate i
4 if candidate 7 is better than candidate best
5 best = 1
6

hire candidate 7

A 2 PR 558 2 BECh IR AOBIRRIR . Al 1362 MR 2 HIRE-ASSISTANT By
TR, TR AR AR R, R LR, AT R S TR %
MR TRARR , AT, RAVESHTRARE S HLEATR FIE, BTSRRI RA
R0, AL T, RATARAE HAFRE AR W IATIH.

WA SRS, Wt oo ATURFIRRATRER, B .. B m RBAWAK, WAk
HREMBBARR Ocn+om). REMAELN, RIVBEER n MIBE, FRERSEN
BFIRR . B, BATRIET AT oo, BVBIRHIA, AR 09 18 BT 25
N

AR — T B R AR, RATE WAL RS R G RR, 3 R
— AR REE” s TR S b R B IUR M 301 PR LAY 24 A0 A 2 0 T4
AL,

SRR 547

FERRINOL T BRATSERR LR FA T 490 TSR HO S . 24 T Rt 9L U A 3
BB, XS, HEDRAT n %, MHRIR On) .,

MR, RIREIE SRRSO UOT I, FE L, RO HAOKE, G
BEREX AT, B, R AMATITE—FRRE TR T, S ARE.

114
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F—8a E® &R

BRI
WMESMRERBEITH U ABRNES. REHEHELT, RITRABERSTRIT—

(5] BEMEITRE, FREAERMTEMKNER, fln, 37 HIRE-ASSISTANT H1i &A% A.

116

AT HTHENT, RIIDAERREBELTFRANS . REMTZESE, HEH—FY
5% T BB E], HAPRAIX A T RNMASMREYE. Fit, $LhRE, RIIX AL
MAT=ERBITE R BT . YRS MR R R B TR RIR, BRATRE DT8R IETrE .

RINEREWAS G LHIEE /NG . XFREEE, RITATLAXFE TR M AL S
ERBE, RERABESFTRET—NEME S, FmEXMRENIAR, S FHEb—&EE,
ROIREBHR - EHEBALT, HE A RER AR

ERARES, BATT MRS UBEYUGF B3, X—BREE®REF A7 BETUSSE
AR E BT R, HREB—NEEEE; BRER, FENBEFE—ILFXR (£
FREXASMFEB) . Eik, ATRAERAMN 1 8| n HE—S XA BEHSIZ R, FHrank(DFE
ANEE i NER, HBEAE—ITERERMN— N EFHNEE. BFFI (rank (1),
rank(2), =, rank(W)YRFFIC, 2, =, nYW—HEF . FRIEEE RO B, ST
XNHZIRRBEF 1B nfn! FHSIRFHE—1. BE, BRIOHRILBHLHE—IE5
BEMLHED; Bt Ri, 7E n! MATRRAMHESIP, B—FASEHREI,

5. 2 WA EXA R RN — M ERS .

BEEE

HTFABEMMT, BINTETHEATRASGHN—EER. EFZHERT, RITTRAL
WTHBL. BMEMERAMMOFELEELR, BWATEEEMNTE EHEAfMIRE T ER, R
i, WAVEDEE—NHEBEPREIES KT BN, AT AR AR MR AL /E h B s i 4
TR,

ERARES, FRENEEFGUBIIF S, ERMNEENBERESHRNL. Hit,
AT &R A REN— LAY, RIS EIRMEE WK FAEERES . TRl MR
AXAMER, BBEANRES o MEE, MEMNERARINT—DNEELE, SREIEE
FEANEERTR. RERTNEENEFIEMER—TFM, BRINIBESHBT—18F
BOBCAE . SRR ARTARM TR I LB ABEHLUOT B, BUMRZ, RAIIE T X MBI H H
g T RN

B, MR-NEEATAINHBMARE, Tt h BEHLE % B 8§ (random-number
generator) PR A (OBE YR E , MIFRX N R B LAY (randomized) . RATHBIAE —AT LA B i
{5 F B BEAL S IR 58 RANDOM, 8 RANDOM(a, &)¥RE—MAF o Flb Z KB, 3+
BB BHSHEREI, flin, RANDOM(, 1)7=4 0 MR 1/2, 4 1 MERHBEL/2,
A RANDOM(3, T¥iRE 3, 4, 5. 6 8¢ 7, B HIMHERE R 1/5. B K RANDOM & [H]
MRS FRIERANEEE. 7T RANDOM & BE— N (o—a+DEBBRTF, HEH
S, (EXRP, KEPHEAESBE—-HENBERE, CR—IHEHELE, B
E{E7ESE T LB EREHLA )

LT —A BN B BB AT A R A, RATLLS TR R M B EE R, KPR AEbREILE
EERBTE ., RITE— VB ENETRIFRVHEZITRE, DR X 5 XRE MR
WMARMIMESE., —BNE, YMESFEEERNBA LN, RITHENRTHFERETH
[8]; MBS BEYLEERN, RIS SEETRE .,

%3
5.1-1 EH: RB7EN R HIRE-ASSISTANT 5% 4 177, RATEBBREWH—/ RIS E R1E,



$5E WMESWMENEZ

T R R TR A0 N B HE 4 2T

*5.1-2  i&#iR RANDOM(a, 6);3RBM—FPLI, © XA RANDOM(0, 1), ¥EX a fb K&K
¥, REOSBRYHEBITHERE?

*5.1-3 BRERFER 1/2 HERAH 05 1, RATLB B FEA—Md 0 2 1 i3 7 BIASED-
RANDOM., BURAFHER p#ih 1, #F 1—p it 0, He 0<p<l, HE p WHEKA.
44— FIf BIASED-RANDOM fE A FRIFHEE, RE—ANTMMLER, ELHK
R1/23R[ME 0, PAEER 1/238E 1, ¥EX p MRE, HRMFERNAEZTHNERESD?

5.2 fEraEMEER

AT oWERARBENNFZSEE, RITRAEREEBEYLZ & (indicator random variable) ,
EAIERSHEZ ANERRET - MERK L. A~ HASR SH—1F4FA, BaFE
4 A TR HIIEREEEENLE R A E XA

1 WmRARAE
HA%—% R AT .1

B AME RGBT, FATREE IS — bR RE T AT IE EEA_E MBI, BEASEE S=
{H, T}, ## Pr{H})=Pr({T}=1/2, HETFTREX—NMERHEHEE Xy, W TFERETH
FEES H, XA EHBOE T EES_E AR, mREES_ ENER 1, FH 0. B
e
1 wRHRAE
0 WMRTXRAE
E—RHEETN, FESEMNEREREERSEER Xy WPIEE.

E[Xy;]=E[{H}]=1-Pr{H}+0«Pr{T}
=1.@1/2)+0+(1/2) =1/2

Ht i — AR mAt, IEEE L ABEREE 1/2. T ESIEER, —NEH A XM
REEFENAEROIIBEESTENA REMEE,

SIH5.1 LE—ANHATHSHAS FHH—AFHA, & X,=I{A}, A4 E[X,]=Pr{A}.

B BEXRG. DI/RFBEVZRREN, DERBHEENEXL, RITE

E[X,]1=E[I{A}]=1+Pr{A}+0+ Pr{A} = Pr{A}

Hp ARRS—A, B AR, [ |

BRI ABEIAEEERMBIRG, AT EABEEN —KEH M EEREHER, H
REESTERMEYLIARNZ2A AR, B, HREEINEEARITRER(C 37K REH
T RiBFE. EXMERF, BROSHNEEHI 0N, 14, 24 EHHEHER, Uit
Bl 2 WETAEEH ERRE. S£XC3)hANTHREAENE, BEEH TSR,
AT EERE, RITRIERBFEVER X, ST RGEHA EmSALNESF:. X=HE K
WPSET HBEH H . BV R X #Rn KRETHFHIAEGMN SR, T£

X =%,
AT EEES LYK, FUN EESXPAsE, B3
| E[X] = E[ > Xi:]
EEERAMT » MEREMYERSMOSEE, HEEs. 1, RIESHEHE HIER

MRAEE. RIERBUPBLEERNER(C 2D, AHITEHSMMNEE. BET 15
R RSHEMEK S, PRRRMEN A ARRSEIEREN —FBRRMOTEAR; LREHER

XH=I{H}={

67

118
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S—#s @ miR

Z R EARRIR RIS . BRETRATTAT LA AA T8 TE T8 ) BRI B 9 28

121

E[X] = E[:Z;X:] = DEX]= Y12 =n/2

Hit, fER(C3DPHBKT B, HRBEIEERMEATIHESE. RITKEES
Fh—ERAERRSHEVAER.

AEREENERITEREE

BEDEARELR. RIOIFEHERA— N DABEGBBRE. A TRABES
B, BORDEE LBEVURF BB, WRT—Y TR, (RITEERE S 3 WIMfTEBRX MR #
XR—ENEER, HESTRINBA-FMBEOKRE. R, HASR(C 20958
fHRES, 53

E[X]= ijr{X = z}

HEXFITESMBERE. B, RITERAERSBHEIZRRAKELITE.

HTHFHER RN R, RITARESE X5 8 A—A %7 B 38 5 5 U BLA — 4
TRFHEELX], MEEXnNER, S8MUEEREERANMN. i, B X ST
FiTNBESEAZEGNIERBEIER. BN,

) 1 WmRNBH HWER
X, = B i MR = | R A
AR
X=X +X,++X, (5.2
WIS 5.1, BRITA
E[X.]=Pr{BEH i #EAR)
H 3158 HIRE-ASSISTANT H45 5~6 F7 8 AT MR .

EE 61T, NMEE PR, EFNESE N1 -1 HE—NBEERE. EARN
BB EE AREYUGT HEE, BrLART : M EE B BEVLRF H . XEE] MM EEFY
EE—TEHETREMEBMBRAREN. NEE WNEE 13— 1 EARBAOEERE 1/, B
Mk 1/i B gRH. |53 5.1, 7#E

E(X,]=1/: (5.3)
BAER LA E ELX].

Ex1=E[ x| GRESRG.2) 5.
— DEIX]  GREMEHAEER

=3V GREERG.)

=Inn+0() REFEERA D) (5.5)

REBMNERT n A, BEHEFR, Lhr XY REAMITZFE nn A, RITATEAS]
HRBLEXINER.

3|E5.2 BEBEEAMMKSEHA, Fk HIRE-ASSISTANT S4B A& A EHHEH T
# O(c, Inn),

iERR  RER AR E AR (. 5), AT RIS BN R, SR R ABCHEE X
AR 1gn. n

EHEE THRARALERBRTRRARA OB TR .



$5E MESWBENEZ

%3

5.2-1 7% HIRE-ASSISTANT H, RiZEE FEYURFHI, RIEFRBA-KOBEEREL?
ESFRA n KB Z L /D7

5.2-2 7£ HIRE-ASSISTANT #, Rz EE AREYURF B, RIEFREARRERREZD?

5.2-3 FFHERREENERRITE » M FZ A HHEE.

5.2-4 FIFHFEREBFEVIAERMAINT K08 FA% 33 i@ & (hat-heck problem) : n %, fbiIEA
NARITHITIEF RS & — TR F. RS AEBEVURFRIEFIREAEE . HRZE
BOEFHE PR ERRES

5.2-5 WA[L.n]RH = MREHHBRINES] . R i< BALI>ALD KRG, DXH AR
— AN 3t (inversion) . (BFBHM 2-4 PELEZ X FHFX B FOBRIE A WTEBR
(1, 2, = n) EM—AB5IBENLHED] . 7 R85 22 REALAS B o T35 B h it e st B I
B,

53 MNMEZ

HERE—TF, RIOERATHANSARNAEB TN N EENEYBERITHN. F
ZEHE, RIITCEBHMASANEE, BMER TSR 5.1 WPk, Rildw
VAT AR A — BV .

XFFEIRERAREZ AN R, R BRERANTEHIISTREAEER R, EXHE
AT LA R R — N REVLE . RITARBERAAN -2, MEBRE—-N0h. 550,
FERLBITRT, SCHYHES N E, DAGRFTEHSIHESTREAMER. RECSLBUT
XANEE, RIMNFERA—- NN ABERATE Inn KPEME. HEIERIEXS T
AHEMATCEHREXMERL, MARNF—EARNSHIEA.

BV — SR BB/ E LR ZRIMX S, E5.2 F9, OIS . MRMEE U
BEDUBF H B, MEA—-NFHAABENHBREKAE Inn, T8, XMNERRHEHERN; Xt
FEMFEEA, BRA—AHPABEMREBAHER. it RIVEA—AF2 AR E
BEMAMARTMAR, WEKET&NNEENHES. BRAREIUKRE TR EE NS, BRI
AT LAME RN EEE A T HER SRR AR MEE A, Bli(rank (1), rank(2), -+, rank(n)), %
EHAIIER A=, 2, 3, 4, 5, 6, 7, 8, 9, 100, = HWHMABBLSER 10K, BAE
—ANERNBEHREFRI—, ERENERERD, 5 5~6 THERNIT. FEHETIE
A,=(10, 9, 8, 7, 6, 5, 4, 3, 2, 1), —MFHHABHERABA K, EFE—KERP. &
EHEZ S A, =5, 2, 1, 8, 4, 7, 10, 9, 3, 6), — I HHMABEL2EFA=KR, WERHE
2R 5. 8F10 M 3 MM EEE ., BIB—T, BENHEAKETRA-IHDMABENKRE. BRI
AUER, FREMEAGNAD . ARMMAG A, UEEPHRHBAG A,

b, FRAEX A HITHES), REWHERIENBEWBEILERE. WK, RIGEMEILE4E
EREEL, MAREWMASMA L. A— @A, WEHEK A, RITEEREEXKESEES
ZOW, BARBERBEGKEBITREENHAR. H—KE A LBITXIEERN, TERE™E
HEF A, FHEBAT 10 KEHT; BE KEBITHEELE, TRE=4EHS A, FRPIT1IREH. £=
wmﬁw,ﬁﬁéFiﬁmmﬁwiﬁo@&ﬁﬁﬁ&ﬁﬁw,mﬁmm?EMﬁﬁ,mﬂﬁﬂ
R —KEERPATAR . W T EEERFESHMBEVE S, ZARNGRALTI HEH
BT S . EEREIRMEA BT BN AR, B RIS EEHARER
FHX. RETEEIBERS=E N RES"WHES N, MILERASETERE.
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S—#a E iR

Xt TR, P — RS R R R R I 5.

RANDOMIZED-HIRE-ASSISTANT (n)
1 randomly permute the list of candidates

2 best =0 // candidate O is a least-qualified dummy candidate
3 fori=1ton

4 interview candidate i

5 if candidate i is better than candidate best

6 best = i

7 hire candidate i

EEXAERYEE, BRIICEEL T — VAL, HAERARBENIEE UREILKF H IS
LRI

5|# 5.3 it# RANDOMIZED-HIRE-ASSISTANT # £ A % A #41%2 £ O(c,Inn) ,

ER MEABAHBITRS)E, RITE LK 2] T M HIRE-ASSISTANT #3437 B 48 7] 19
R ]
POECTI B 5. 2 F1F1 2 5. 3 R T AR ABEVL R B2 5. 7E5I8 5.2, RAIEWMA L
T —AMRB. EFIES. 3 F, RITBEABMXMERE, SEMILMASER —SEsatE. &
TRERBH—ZHE, RIAFYEETRRRARANRRETIES. 2, MAHERARARRS
518 5.3, EAWRTEHSR, BITHERTREVHEFIHEA K —L3UE,

BEHLHETI 8

TREBEYLIE BB TN 45 58 A S BHES AR A BENL L . GRAE AL SRR i )
XH, BITVETHERFEEYLIT S . RE—Bel:, BEAE—THA A, GE&TE 18 n. R
H9 B AR M XA B B — A REDLHES

—MNEFRTERABANE N TR ALIR— I BEVLAE SR PL, RERELEEIH
HAPRTRHATHRF . #ln, WRMWBPH A=, 2, 3, 4, BEHLEZFHHER P=36,
3, 62, 19), WPKF=A4—/4l B=<2, 4, 1, 3), ENE 2 MEREEND, BHETREE 44,
RIEHE 14~ BREH 34, BRAFRX/~E#EHN PERMUTE-BY-SORTING:

PERMUTE-BY-SORTING(A)
1 n = A.length
let P[1. .n] be a new array

o

2
3 fori=1ton

4 P[{] = RANDOM(1, #*)
5 sort A, using P as sort keys

5 AT —ANE 1~7° ZRIMBEYLE. RIVERERE 1~ 2R T ik P A SR Al gEME
—o (% 5.3-5 BREHIEHFRETERE—WEEZLE 1—-1/n, 43 5.3-6 RIAYTAER
HEZMAZHERMFEL T, LAXNEEDRIMBRIA W CHEE—,

XS R TRES S THHF . ENMRITEAESE 8 EFRIMIBRE, IR FH B HE
P, HEFPHAES Q(nlgn)BtE]l. BATATURBIXAN TR, ERRMNECLFREHHEF RN A
B(nlgn), (RITEER_HHEE, HMm bBHFAERB RN Otnlgn) . %3 8.3-4 B3R
BEBRE—NEERLMEE, £ OB REINX 0~ —1 JEEZ NWEEHEF DHEF LG,
R PLIRE j MBS, B2 AL AERBMNE; £, AX#HERX, RIITEAT—
NS . BFEIEAXNIEEZE— NSNS, NEIBRETRB=ERTE 1I~n N8
—FhHE .

S|3®5.4 BEMAKALARE, Wit PERMUTE-BY-SORTING 7 4 #r A 8§ 34 4 AL



$5E HMESWNENEE - 0

H3l,

iER RAIIAERENTE ALIGBRASE M/ MUERRIFRATIFG, HUHXAHESI
EFREMBEER 1/, XFi=1, 2, =, n, B E RFTRALIGEEE M R/MUERME
. RERMNEHEXMFAEN i, F4E REMEER, B

Pr{El NE, ﬂ EEN“NE~N En}

ER% C.2-5, XMERET

Pr{E,} . Pl'{EzlEl} « Pr{E; IEz N E} « Pr{E, |E3 N E: N E}

--Pr{E, |Ei—l NE., NN E}:Pr{E, |Evr—1 N« NE}
BN Pr{E ) BRA—1 n TENE S PREVLEBIO SR B/NREER, FTLUAF Pr(E }=1/n. &T
Xk, RATWEE Pr(E, | E}=1/(n—1), BRBRETR A[LIBER/PIMRER, KRTRK n—14
TEBEHENTRBRNE Z/IOREES . —Bt, *Fi=2, 3, -, n, RITAPHE|E N
E_.N-NE}=1/(r—it+ 1., BRARETR ALLIB AL—-1]GRIBF) AR i—1 DL ER, B
THWn—G—DATEP, B—IRETERESE  IMUER. FTUF
PUE N E NE N~ NENE) = (1) (25)~(5) (1) =%

FHERMBEN, KEBERHIIHERE 1/n!,

RATT Y BXMEH, FHXEMRERWHIIBER. ZRBES(L, 2, -, HER
—AFEHF] 6=((1), 5(2), =, o). BRITAr RABTF LR AL KRR NHS, Kb
FRE jMITREBEKRA . WREXE: TR ALIFRBMELRSE o D /DHEL, HE r=
o(), WIRBEHIERIHEA . Bk, MREHTFBIEMEEHIIWER, ZHHESHERITE
TEME, TREDHHFIMBERGRE /0!, |

RATRE XA, EIEA— NS B SREILHES], REEHXN TEATR AL, EHE
PE j ERRE 1/n. % 5. 3-4 EEHXNFHRMALER EHF AT .

7= BEVLHES I — A BB 57 7 s R IR HES A e 4 . i3 RANDOMIZE-IN-PLACE 7E O(n)
BRI SER. TEHATH « AR, TR ALIRMTER ALB Aln]hREHLEEERE . 55 i s
e, AGIAERZE.

RANDOMIZE-IN-PLACE(A)

1 n= A length

2 fori=1ton

3 swap A[i] with ATRANDOMC(:, n)]

RATH M REAAREZRIEH o 2 RANDOMIZE-IN-PLACE f87= 4 — /NS5 BEHLHES] . —
NEA n NILEK k HEFI (k-permutation) BEEX n NMTEFHE NTENFS, HEAEE (S
RO . —3tF nl /(n—k)! FHATEEH & HEFI. 126

5|3 5.5 it4 RANDOMIZE-IN-PLACE T3t & th — A3 4 MpLES)

iER RAEATEMERRER:

EH2~34Tfor BHRWE i KERUM, XEMATHRHG—DHF, FH4 ALL. i—1]

AEINMG—DHFIWBEERE (—i+D) /al,

RMNFBERAXNAERAESE 1 KEFERUAE, BFANEREREBEEREATR, FH
WIERR LR, XANRERRM—A F S Bk UL Ef .

WA . HERIEFES 1 RIEFERLIRTAER, Wt =1, BERAZRTH, SFE4A
RERY O HEFY, FHA ALL . 0B XA 0 HFIMR R (n—i+ 1D /nl =nl /nl =1, FH4A
ALl .OJR—1EWTFHE, HFA oHFhEATR. B, ALL.0JAEIEM 0 HEFI MR E




72 - H—#HS E#Maif

1, 758 1 RIEF XA LRI TE R AR AL

REF: BROVBRAES  KERZH, SMTHENG—DHFHRETERE AL . i—1]F 85
R @—i+D) /nl, BRIOVEURBIES ( KERLE, ST 7 HAEFHRHAALL . ]
FHRBRR (n—D) /nl. T—WEN i RING, BFRGXMEFAERX.

RATRRES « KER. BB—DEHERE  H5, H Uz, zy oy 2 RBREPHTE.
iX’l‘ﬁFﬁ'J‘P@/‘n'\—/l\(z—l)ﬁWKrn Ty **ty Timi)s EE@%%&EAD]ET&EE‘J{EL@ i’iEl
Foral i—1 REREALE ALL i~ 1]HHWETHEKG-DHIINESF. REFRFAER,
PHE }=(—i+D! /nl, B’ E, R i KIEREMBALIRE = WFEH. 4 E fl E, BIFH
RAER, {5z, ey z) MBLFE ALL . ], Bk, RIOHFEHE PHENE ). FIAEK
(C.10), BRiTAH

Pr{E, N E,} = Pr{E, |E1}PI'{E1}
W#E Pr{E, | E}ET 1/(n—i+1), BNEREESE 31T, NAL. . )8 n—i+1 MEHFEYLER
127] =. B, BIF

PHE, N E) = Pr(B, | E)Pr(E, ) = — 1 - Z=LE DL =Dl
%k . &RIEE, i=nt+1, FEH AL . 2] BR—MBE n HF KBRS (— (et 1) +1) /a0 =
0! /n! =1/al,
Hit, RANDOMIZE-IN-PLACE =4 —A ¥4 BEALHES . ]

— MBI EE R — AR AR, BERHTE. RITEESF P ERAZEN
Bk,

%3

5.3-1 Marceau B AFZETIHES. 5 IEHPHFEANBEAAER. MXE 1 KERZEEFALER
RENERBRE. thpEb R, RITUBESER—ISHAFEE 0 H51. Hi,
—NERTFHRACET— 0 HFIMBERILZ 0, MTSE 1 KERZATEARATXTH . &
HEE 7 RANDOMIZE-IN-PLACE, {#BHXEFRAEZRNEATE 1 KERZ/WIES
FHH, AR TEBEHREIH 5. 5 MIEH.

5.3-2 Kelp #BEPREE — KV 4 BR1E % HEF (identity permutation) SMEFHEF . i
BETWTLRE:

PERMUTE-WITHOUT-IDENTITY(A)

1 n= A length

2 fori=1ton— 1

3 swap A[i] with ALTRANDOMC(: + 1, n)]

XEBAREEAT Kelp S7H) & E D7
5.33 BREBAAREITE ALISFHA AL . nJPH— M HEVITRZH, MEKESHAE
128 CEVAC 0 e
PERMUTE-WITH-ALL(A)
1 n = A. length
2 fori=1ton
3 swap A[i] with ACTRANDOM(1, n)]

BB E - ESEIHTIY? AH A8 AH A&7
5.3-4 Armstrong EEBE VAT HHBR=E— S BEHLHES -



$5E HESFMENHEZE

PERMUTE-BY-CYCLIC(A)

1 n = A.length

2 let B[1..n] be a new array
3 offset = RANDOM(1, n)
4 fori=1ton

5 dest = i + of fset
6 if dest > n

7 dest = dest — n
8 Bldest] = A[i]

9

return B

HHRHENTE ALIHIZE B P EAREMENBERE 1/n. REEIHAHIIZEGRA
RS EYIHES , 328 Armstrong HI4E T .

*5.3-5 {EBA: 7E:378 PERMUTE-BY-SORTING H#4 P, i cEEE—MERZEDR 1—1/n,
5.3-6 HABITEHE ¥ PERMUTE-BY-SORTING, it B8 48 L% R KHEE.
WU, BMEERANERESRAGRAR, REBEERRN T E -5 BEYLHES
5.37 BERMNFZBLIEESE(L, 2, 3, -, n}H—THENEER, H—IEEn I TENES

S, Hio<m<n, HHBET m EREBESRBAE. —FHERMN =1, 2, -, n
#®A[i]=1, ¥#§F RANDOMIZE-IN-PLACE(A), REBERIEKN m MIATE. Xy
P43 RANDOM B n K. R o tbm KBE, RITEBLIBR—HEVEER, R
% RANDOM i iR B . HULH T EAE SRR (1, 2, 3, -, n)l—1 B
Blm FES, HFESm FERSWTEMN, AW A% RANDOM A m K.
RANDOM-SAMPLE(m, n)
1 ifm==0
2 return &

3 else S = RANDOM-SAMPLE(m — 1, n — 1)

4 i = RANDOM(1, »n)

5 ifie S

6 S=5sU {n)

7 else S =S U {i}

8 return S

5.4 BERSFETRENEENH—SER

FEL 4T HE—FEBRERIT. B 1MITHREE—NE L ARETH, XA
N4 HAERBER, 5 2 M FIHEIERENB AR THRRE. 55 3 M T HRITHTE T o ELE &
REANER. BE—MHIFATRERAREN—NEE, KR RUOHERE ERFA NS E
B Al DR

5.4.1 £HIFL

BRMNWE-NTHTREABRE. —TETEARLARERAZS LN, TREEXTHALH
MRHLEIAR] 5067 XAMRBHERR—MUMIBUE, iEAZR. TERIEES, Bl
RFRET, XME KR ET/NT—EPHRY, BEERR—FEREH—E.

KT EEXAFEE, RIJAERL 2, -, kHETERNARS, KF:RETERBEA
. A5, BOAZBEEKHERL, HEBREFTHFEHEA =365 K. }Fi=1, 2, =, &k
RO RRRETHN i ARER, K 1<b<n. BBEERBIPHE—FH o XP, B

73

129



74

S—8a EHfmiR

i=1, 2, *y Eflr=1, 2, *, n, Pr{b;=r}=1/n,
BN i Fj B4 B IESFAE R BE A8 T4 H WBEVLE SR M . WNBEFF LR, Ri4E

HRMSH, TR e AREER—Hr ERBERE

Pr{b; =7 H b; = r} = Pr{b, = r}Pr{b; = r} = 1/n
XHE, A4 HEZER—KERE

Pr{b; =b;} = D, Pr{b,=r H b; =7} = >, (1/n*) = 1/n (5. 6)
r=1 r=1

EEWMYEL, —BIEE b, b BOEER —RIMER 1/n. Bk, « F;j HHERAE HBOBERS5MA0]
K- MHEHBEAE—ROEEMER. AMTEER, XM ERBETEARE B R
X MR B

RATTLLESZEE—NHHA T, RO e MAPEOERAL BHERNER. 20F
AL HHEWBRET 1B EHE AL HEBAHERKER. AL B ERHRNEASA

B =() A
Hep A RIEXNIIE 1<, i 57 EBFRRBES. BRRTUEMR B:=A, N Birr» HAK(C 16)
GIEGS: 1=
Pr{B,} = Pr{B, }Pr{A, |Bk—1} (5.7

HEHE Pr{B, } =Pr{A,} =1 ERWIE RN . BATER, X i=1, 2, - k=1, BE b, by -
bk-JﬂiWﬂﬁﬁJ, WA by byy >y by WWK@E‘JE%%? biy by vy by Wﬁ$ﬁmﬁ$§ﬁu
i=1, 2, -, k=10 b7b BHER,

R b, by ooy bk—lew'jz-\-ﬁlv XFi=1, 2, =, k—1, bFb E‘J%#H%%% Pr{A, |Blz—l}=
(n—k+1)/n, FRER n RPH n—G—DREBEH. RIIRERABENG. DB

Pr(B,) = Pr{B., }Pr{A,|B..}
= Pf{Bk—z YPr{A,. | B, }Pr{A, |Bk—1 }

; Pr{B, }Pr{A, |Bl}P1'{A3 |B2}"’Pf{Ak lBk—l}
—1. (n;l)(n:Z)m(n—i-l-l)

1 2 k—1
=1-(1-7)(1-7)~(1-%7)

Pr{ Bk} < e Vng¥n... e D/n — e_,.;l = g HkED/2n < 1 /2
WM—r(k—1)/2n<In(1/2)B} 3L XM E(k—1)>=2n1n2, REF, M_KFRB, Y >0+
VI+@In2)n)/2 &, A ENMEBFHARMBERELE 1/2, X n=2365 B, &F k=23, H
i, MRESE ZZNMNE—RETFE, BAZPERNMAEBHENBERELSR 1/2, FEKE
£, —FEH 669 NMNKEH, FrLURBIMEREIZRMA 31 AR,

KA RERENEREN—12H
BATAT R HE S SRR S B A BERH—MTRTEMM . XBEFE L MASRH
B—XG, ), W I<i<G<k, EXHERFEIZR X, 0F -
R R ST LI v
BIEERG. 6), HAANEBHERNERE 1/n, EESIES. 1, RITA

i/n



F5F HMESWHENEE

E[X,;]=Pr{ifnj £ EHRA} =1/n
W X FoRi Bk AR A S B WEYER, RITA
X= i Zk)Xfi

FLEGE, BN AR, RITEE

k

ElX] = E[j‘_, ixv] = E EE[X‘J'] = (k)l = %

i=1j=#1 i=1j=1 2/ n
Hit, % eGE—D>=2n8t, ABHARNBHAMMPERZELR 1. Bit, ZRFRZEDH V2nt+1
N> BRITTUMBEZEDLERAL HHEE. T n=365, 7 k=28, 4 HMEFAXEE WHEME
H(28 + 27)/(2 + 365)~1.035 6., ik, MRESH 28 A, RITTUPHERIEL—XF A4EH
R, EXKEE, —FH 669 NMKERH, RINEPLTEBIMKEA.
R UHT R, BETHAEFEEL - AEBHRBRRT 1/2 iFHOAS; 8
R ER T ARSI R, SN THRA BRI AR, BRWMHEE T ANE

FHERE, BEIESENHR ERMEN, #H 0Wn).

5.4.2 HREHT

HERMEZEXHE— TR, EHRMREIRB 0 IMETFE, FHESHN 1, 2, -,
b, BIRBREBRMLN, B—KEMR, RETRELES—ITHFP. REEE-ANEFPHH
FH1/6, Hit, BRHIBE—-HAZHRE(ESLKFEC 4, BREIIWEER 1/6, Hb
BINRIEREALEHHFP. XMERX IS LE 11 BDRANEH, mERMTE
BRTFZERIBHESHEBNE, (BEEC1EE T AI—EXTERAEFHRE.)

BEELREELAENHTER? BAELEHTERNREMN T4 6Ck; n, 1/6), MR n
Aak, AR IDERRNT, BELEHTFERREGPEER n/b.

EFHELT, AMLAERES VAR, HABTOAT LR -7 HEARETRI—
AEREBERK BRI LA 0, RN 1/6, BIEER(C 32), BIHBERREGER 1/ /6 =b,

RINBERZLKRER, ATRHRESMTFEELEF TR —RERFBESHTERI—K
“farp”, RAVEEENTIRB o Kw, i EIRREBOHE n,

SRAAMPREL W o RERGAIANHE. B i BEBNE —1 RarPESE i Ry
P EABER. £ 1 HBREEE 1 IREER, EARMNTUBRIE—RG S, KEFTEANHETHRRS
B. W BEME—RER, A -1 MEFER, b—i+1 4 HTFRESW. B, 5 e
FBXEER, BE—RaFHEERREOG—i+1)/b,

Bon B rBBERKE. B, ABRE o KPR BERKRE I = Z;n; . B
BN n IRAJLITAE, SRR R (b—i+1)/b, BIBARC.32), TRH

Eln] = be‘ﬁ
BB LRENR, RITE ;, )
E[n)=E] 3| = DEn]= 3 e

b
i=1 i i=1
b .
=5+ = b(lnb+0()  RBEERCA D)
i=1

Bk, ERMPBENMETEEE IR, KABRE 6 Inb K. XMFEBEBHEIILFRES
B, ERR-TAMREBBES b FMARILETHE—F, KATE bnd KEHE B ML
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F—is E @R

A BB .

5.4.3 4$HERT

BB —MARERET K, BRESTEANFIINHBREESK? EXE 0dgn,
WMELT T E R

BHRIEARRKWESIEENFERFFTINKERER OUgn) . B HRE T B & — K IE R #E
BN 1/2, BWAHXHENELE. RKEZDH L WETEREFFIFETE  KIBHY, 508 6
B A WESETRMI, i+1, -, i+ 1 BIAWBRER, HP 1<e<n, 1<i<n—k+1,
B R R TR AL, SHEMATEM Ay, FIA B IRIGISARR E E SRR

Pr{A;} = 1/2* (5.8)
Xt F k=2 [lgnl,
Pr{Airgn} = 1/27T60 < 1/2%% = 1/n*

B, KEZEDH2(1gnl. BETME i W— N EEFEFTHERER/NMG . XFFFIRGEM
BELH n—2(lgnl+1 4, FUKEZELDR 2 [1gn ) EEEFFIFFETFE—BHERE

n—2[lgn H1 2 lgn H1
Pr{ U Auorign | < 2 1/n <21/n =1/n (5.9)

E A RE A RAER(C 19, —<ﬂ$1¢#ﬁﬂgﬁ$igﬁﬁ/‘$ﬁ‘ﬂﬁﬁ$2ﬂ EFEE, X
SR, RAERKRBAL )

BRITAEMARERGC. DRAHBERFIEFFIINKER. XXF =0, 1, 2, =, n, & L;
RABRKELEANMEFIIKEESFR BEH, HRERFEFIINKER L. dHEEHN
E, BRATAE

E[L] = D}jPr(L,) (5.10)

RATT ARG Pr{L; } B EFRMATHXANHM, BEAER G OFIHRERIRE. B
B, XMrEESEENA. A, ROTUAMNLESHTE 28— S ERM RG] — M7
7. RMIEERI, RIIMEDESERG. 10OMEMT, BEEM—RENLL # Pr{L;,)}BHF
HWRKRW ., RfhalR? =2 (gnlat, Pril; B/ % ;<<2[lgnlty, jH2/A, EERMH,
RIOVERBXF j=0, 1, =, n, FHL; RAHEXH, BHKEZEDR 2 [lgn i 5EIE ERFE

IR T — 0 B R R 2 Pr{L;} . BI\EFAERG. 9, RITA 2 Pr{L;}) <1/n, 5

j=2llgn] j=2llgnl
2[lgn -1

A, EEEF EPr{u—l, #ITE D) Pl <1. B, RI1ED

j=0
2llgn 1 n
E[L]= 2 FPr{L;} = D) jPr{L;} + % 1jPr{L,.}
j=0 j=0 i=2|lgn
2[lgn -1

< 2 @llgnDPr{L;) + 21nPr{L,~}
j=0 j=2[lgn
2[lgn1

—2llgn] > Pr{L;} +n D) Pr{L;)

j=0 j=2llgnl
<2[lgn]s1+n+ (1/n) = OUgn)
IEEHE RS K E i r [lgn RILESBERPEE » 2/ MR RB . X =1, EERERFS
KEELSN r[lgn], BETHE i HERE
Pr{Airgn) = 17271 < 1/m
Hit, BREEFINKEZDH r [Ign|WBERZELZ R/ =1/2"", FEHH, BRFEFFK



F5E HMESWMENEE

BT r[gnEELR 1-1/n",

E—MBIF, P n=1000 KHET, BOHA2[lgn]=20 KELEBHHNILEZEZRE]/n=
1/1000, &K E#B 3 [lgn]=30 RELIETIFHEFFIKILEEZ R 1/2°=1/1 000 000,

RAERNMEH-NMHFEHTR: £ RETWEF, BRAOETEREFIINKENER
Qgn) . FEAXNF, RAITEZIE n KIWIFRIFBKL n/s N4, BH s KW, KBEKEH
s BARIERFS] . IR%E#EE s=|Ugn)/2), ATUBRHAXEAFESF ~HAELRIER, B g
BRIFEFIINKEZELR s=Q(gn) . REHEHARKIFEFIIMKEHER Qlgn.

BATIE n KETRBBRDRED /| gn) /2 IN4H, BAIgn) /2 [WGESEI, RGHEA
HEeRFEMEERR., BEERG.8), WIE  FFEERIER N MRS

Pr{Ai.L(lgn)/ZJ} = 1/2L(lg")m< 1/«/;1-

B K EZEDH(gn) /2 [ IEERHEFFIANGLE | FFRRBEREL R 1—14Vn. BRL/[(gn/2 N
HRHBBWEF . BOrHPEETAE, KPS MERRRKEN N (egn /2 EFFINBREL R
(1— 1/ﬁ)LML(lgn)/2ﬂ <a-— l/ﬁ)nﬂ_(lgn)/ZJ-—l <Qa- 1/ ,\/;)Zn/lgn—l

< e/ e DR — O(e =) = O(1/n)
EFHIBIE, RITARATAZERG.12), B 1+a<le’, R THRARBBRIEN —HL. X
R KE n, B 2n/lgn—1) Nn=lgn,
Eitt, BARKARFEFFIER(lgn) /2 )RS

) PHL}>1—0/n) (5.11)

j=Ldgny/2]

BEBRN T LITHRE B RIFHEF IR AN —N TR, WERG 10T, RAXMTFRIL
FaHri K.

n Ldgmy/2 -1 n
E[L]= D jPr{L;} = D) jPr{L;}+ >, jPr{L;)
j=0 j=0 j=Ldgn)/2]

Ldgn) /241 n
> > 0.Pr{L;}+ D, I|Ugn)/2]Pr{L;}
j=0 j=Ldgm/2l
Ldlgny /241

—0. 5 Pr{L;)+ldgny/2] 3) Pr(L;)

j=0 j=Ldgm /2]
=0+ |gn)/2)(1—0(1/n)) (R#FEAF %K (5. 11D)
= Qgn)

A HAEE—R, ATRLRAERHENERRE 2 — M ATHELR AT, B Xo =1{Ax)
FAMBTREFFIRKEZRDH k. FFHTH R WA SEIER. HTHHOX &4
EFFSI ) S8, X

n—kt1

X= Z} Xa
P BUHEHF AR R, RITE

n—kt+1 n—kt1 n—kt1

ELX]=E > Xu | = D ELXa] = >, PriAy) 21/? —n=ktl
EERARFIRG L8, TUHEHKEN mq#ﬁﬁmwaga% !znﬁ'ﬁﬁ"ﬁk(iﬁﬁ?
D, BARMPBRERKE N b WHEFFIS S, TEHA—MRERRE. WRXAMBD
GEANF 1), WARMNPIBBMKER & WFERFISHI, EHR—HEREE, MR
XT%/‘IE#%I ¢ ’ﬁk clgn, AT LLIEZR
E[X] = —clgnt+1_n—clgn+1 _ _(clgn:ll)/n:@(l/n,_l)
n

zclg n nc—l
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78

F—®s E &R

2R c BR, KEH clgn BHEFFIHEEHEHMR/D, HERNMPLERERENAKRTEREL.
538k, R c=1/2, W4 E[X]=00/2"")=0x"), FARIMPELARBEKEN(1/2) Ign
MAFEFFS]. BTEA, XFPKEEMIFEFIIRAT R L. (CETX LM, RITATBHERL:
BEKAFEFFINKEMER 0(gn),

5.4.4 HEREREE

YERBRE—AF, RITEERAREH—NEE. BRERERNAF BT RTA N
HURIIBEHN—1. RITBAFEENEEFHREEHER, NMEBRAFABREBA. BUG
Rz, RINEREAEIEIFWNES, JEA—K. RILAEFAAH—IER: SRER
G, BERMNULAD LRERMANEE, SED EELRNEE . A7ES/MUERRE R
KAV BT 72 i DL B 2 B R B W O T BB 4 7

BMTUEZ T R EEE. AER - MNEEZE, RITEEAETA—NE
4 score(DFRBE i MREENIE, FABREAHRMNBEBRIARELIR. EEFL 4
NEBEE, RITAEX j APB—-2EEE, HREAMEEFKN n—j MHNBEEPFEAREE
EEABMNEE ., RITERAXE R B DEEE <n, WRRSELE L1
NEE, BRALGHAEMNNEESERSENE—EE . IR NEE7ERT £ N E
RZH, WAKBRAE nMEE. RITERHBRAZREIELE ON-LINEMAXIMUM(%, n)
B, BREMERNAERANMNEE TR.

ON-LINE-MAXIMUM(%, n)
1 bestscore = —oo

2 fori=1tok

3 if score(i) > bestscore

4 bestscore = score(i)
5 fori=%k+ 1lton

6 if score(i) > bestscore

7 return :

8

return n

XHEATTREE & RATF R EREARFNEENBER., REEFREN LE, HFRAKE
RIS HAS BB & REENR . B M) =max{score(i)} R MIE 1~ FIRNBF L
B, B S RARBINEBEBIFNBEREM, S FRBIFRNIEE RS  NHIKEN R EF.

BERARFH S; A, #A1AF Pr{S} = ZPI{Si} o HEE, YEIFNEERR EMEEPY
—Ai6t, BIOIAES®RTh, TR i=1, 2, -, &k, H Pr{S;}=0, HME2
Pr{S} = SPr(S)) (5.12)

BAERIE Pr{S:}. AT YE i MNEE BB R, WaEELRERE. $—, BIFH
MR LRENE | b, AEMG B FR. £, BEFEEENGE b+1~i—1 PIEM—WN
BE, MXMEEYHNEHE rH1<GG— 1R EE, TERFE 6 17F score(j)<lbestcore, (H
R BRME—R, BT AR LA BB score(j) = bestcore W] BBk B TE L, FTA score(k+1) 3]
score(i—1) FMEARLFUNTF MR ; IREHAEKTF M) BE, MR B —NKTF MR B3
KThr. RATBO FRMNAEE LB i—1 PEAEMAINEEALNES. ZEHNE, I E
4 B, MO, RIS H. B4 O AUKBITAE 18 i—1 PEMNHEMKF, T B VKB TR K
HEBATHARMMBENME. AMIE 13 i—1 BHEFHRNERMAE  FMERBKT LRFE



$5F HEHSWMENEZ

ff, FAME WEBRASERMALIE 1S —1EMKF. BmMASERC 15753
Pr{S;} = Pr{B; N O.} = Pr{B;}Pr{O;}

{BIWHERERE 1/n, BABKEFREME » MIBFRE—. HEHO BERE, ML
B 13 i—1 WEKEDNRERN L MIBH—, FEBEXESTRMEX (—1 MIBEFHE—
Ao FR, Pr{O)=k/G—D), Pr{S,»}=k/(n(i—1)) ﬂm/\it(s 12), A1

Pr(S) = D)Pr{S;} = 3 — £ E — L5

=kt =k 1 (1_1) nod

%Zﬁﬁ'lfﬂiﬂﬁﬂéi&ﬂﬂ%ﬁii/l*ﬁﬁB‘JJ:EW'FE- ﬁﬁx%ﬁ(A. 12), ®RIA/
[[La<S i<l Lo

RFXEERFTUBR THEHHR
£ (lin—1nk) < PH(S) < £ (Intn—1) —Ink— 1))

XBHET Pr{SIHH— MY ERNA . FEARNEFBBERABRIIBEER, BrAREfAIER £ E
i Pr{S) T REKRAL. (W, TRAEXRUERRZIREEG BRI L HEENRIEK
(k/n) (Inn—1nk)3R T, 183

l(lnn— Ink—1)
n

AHSEHR 0, RITEDY Ink=Inn—1=In(n/)BEMH#1, k=n/chf, HRTHREXL. HW,
IR k=n/e RLIBATHIRME, MAKUZED 1/e KBERBINE ARSI HNIEE.

%3
5.41 —ANEBTFEXFEFZLN, AEIEFEATRE B HRINBEREDSN 1/27 BDRER LD
AN ABEILEDTAMIALEER 7 A 4 HRERAT 1/27
5.42 BERBIERBADNGANETE, HAR M THARINR., - KEBHBEMILH,
HHEIREAEMETHILSHSE . FRERREMERL /7
*5.4-3 FEAE BAFEAOTR, ERFALE BB REBREE? BF, BB REMRERN M
IRMEBT? EIRNESR.
*5.4-4 —RBETFTEBBELLAN, FREIEHEP 3 AW4 HRATREMF?
*5.4-5 FER/PNR n WESH, — Nk FRFBHR— Lk HFINBEER L7 XAMEBRAEHE
WHMHAXER?
*5.4-6 BRI n PEHRBAMETE, HPSRERM, HAESIRETEZEAEMHET.
SHFHREMERLD? EFE— T RWETHRERERE
*5.4-7 HEREFFIKEN T RAEBERER, HHAE - KERWATFIES, NEILlgn—
21g lgn B KM ELE IE W AFIE P 5 AR/ T 1/n,

BEW
51 G300 FA— o ALRITEES, RIM—MBREETEHE 2°—1. WA R Morris B #EE
HE, RITTLHEBE MR BEHE, RNRBERAIRA.
X‘J’ i=0, 1, =, 2°—1, é’\ﬂ'ﬁ%gﬁii/?‘n. B(J'H'ﬁ’ ﬁq:' n; M‘JEET_‘/I\EiFﬁB@ﬁig
B3l BiEHEERER 0, FARIE no=0, INCREMENT 25 870 THEE— M58
b, BUBERH T RASME . MR i=22—1, WXEBEHTHREHER; TN,
INCREMENT B8 850 AR 1/ (i —n ) HIHECESEAN 1, DMESE 1—1/ Gy —n) 35T
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BB,

YRR =0, FHBERE =1, HITEERME— AN, FEEn=27">0), 5]
#Hn=F 8 i NEERER, 21327, WSHAESZEBHHE.

XFRXAEE, B s BRBKR, K4&— 0 HE RO AR,

a. HHBTENIT n IR INCREMENT 845, THEETRAWE0H R EIESF £ n.
b. S EESERRNIT R T EZKET » FH. RIIRE—-AREEE: XFHE >0,
n;=1007, 7EPATT n K INCREMENT #4E)5, B S TEREN T .
52 (BR—ALFHA) FBEESMN=AEER, EMNE—TMEE 2P TENTFREA &
B— M x.

IR WBEVLRRE . BEVLPKE A PH— N ThRi. IR Ald=xz, WEIE; BFW, %
Sk A P—ANFHEENL T iR, EEMEIE TR, ERRA—1Thaj, HALI=z, R
EHIARMNEBRETAFHE-NTER. B8, RINBKBENETH THRHES Pk,
FRUGBEAR E—KBBEELNTE.

a. i§5 37 RANDOM-SEARCH HythRRASR LH LR RHE. Bl A A T indbs

143 PhiE I nT, YREBEENAFLE .

b. BERGFHE —NThri B A=z, R E = ft RANDOM-SEARCH 53R Z A1,
WAk A TR EHERE

¢ BEAEZ=1ANTI R/ Alid=z, # RO FLHMHEE. 7ERD x 3 RANDOM-
SEARCH £5WZ A, WMHiBkiE A M TARAE E R Z 7 RIVERMZE n F & BIREL

d BEEAE TR FHAL]=z. ERAET A WA TGES RANDOM-SEARCH £ 2
A, BATLTIHGE A W TR EER S/

REXZB—MREENREEREY, RITHRZ AN DETERMINISTIC-SEARCH, R
ﬂﬂms ﬁ/l\ﬁﬂ:‘ﬁ A “PJ'W?E?JZ Xy %@ AD]’ A[2:|, A[3:|9 ) A[n], E@Hﬁﬁj A[i]=
z, FEBBBAWKE. B ABANFTEHFIERETREN.

e BiRIBIFAE—TH i 18 Ali]l=xz, DETERMINISTIC-SEARCH - #1& T 138 47 6 5]
B %7 DETERMINISTIC-SEARCH £ 3R &R iz 478 8] 2 %27

f. BEAE =1 AT FRAL]=z, H K (2 HH%E. DETERMINISTIC-
SEARCH 17 1315 478 6] 2 £ 247 DETERMINISTIC-SEARCH £ 31 & % 1435 17 B
X RED>? RNERMRZ n 5k KR

g BiREA TFs i #18 A[i]=xz. DETERMINISTIC-SEARCH ¥ 1§ i B 170 | R £
/>? DETERMINISTIC-SEARCH B INEE WiB 170 8] LR %07

G, HZE—HHLE % SCRAMBLE-SEARCH, B MARARBILZLHES], R
JEEHFERENSAE L, BT EENREEREERER.

h & EREHRAL]=c MW THIEE, HAMTEL=0fk=1/T, &k SCRAMBLE-
SEARCH B3R IE M 170 M FLSITE R E . #ET R UL IR k2>1 M1E L
144 i RS 3 FHERBEEPHE—1 MBRRHEER.

FEiFid
Bollobas[ 53], Hofri[ 174 ]#1 Spencer[ 321 A T KB R EFM BB A . FEVLEE ML ST Karp
[200]#1 Rabin[ 2884 15 F4%R . Motwani Fl Raghavan[ 262 ]84 h KB iER T REHLE .
ERREHMRE AT C KB Z5. X R EEE RN B EBE”. Ajtai. Meggido
1 Waarts[11]5 44 H T %4808+ B —ABIF
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HE P FE 52 v &

X—EONE T TUr g N HEF BRI B
N —/l\n/l\ﬁlﬁ’ﬂﬁzﬁﬂ(al, Az, *°°, an>o
| MAFIIN—NHES (BEHE) (a1, az, -, an), 5 a<a
~<ano
BWAFIIEERE— n oA, RECrDAERSEEMHHR.
RS
LR, RFHEFHBRDERHIEE, EMBEERAER
(record) BRI —E5r . BMEREE—NXREF (key), FREHEFIF
I EEHNE. ICROFIATS H I E B (satellite data) HEK, BHE
EXBER—RERN. EXhd, Y— M EFEEERECE TR, i
MEEHTERE. tREMIRESXRIENE, RIEEEHICR
BB, MARRICRAS, XFERILIEREIESsIE.

FERABN E, ERXELIHMTE - NEESRRANERX O
ko —MEFEBHRIER FIRFHF #% (method), TIARERATELEHE
R RESRE DEBIENRICTK. Eit, YXEHEFRIEN,
RITEEBEETHARBHEAR. F— MEE THRE SRR —1
SHERFHTHEFEWEFEM S L RREEN, YRERKOIEEET,
HAth—2e/m TR F] RE R LR RE TEB IR S PR

AL EHF

RETENRZRIANHEFRBEEH R D REMOAE, KEREA
(CER

o BNNAXSREENEBHTHRF. Fln, A THEZRFPUS

Rk, PITEERE SR H#ITHEF
. REBEEEEHEFEARETFER. o, £ MERERN
RWEFT, BENRESBEEBEKEN, XMEFTERER

)
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FTES  HFIEFSTR

#7 ERTRAKAFNR, UFEZRERE ERRFREINR. EASH, RITEEER
RENEERHEFEA TR REM,

- RANHIFREEREBIFRER, EHAEANSARBIEEEE. Lk, REEENE
RS EAREMA I S R R E TR F R . MXMNAEER, HIFRIBEH
TREFRIED SENME.

o BATTLOERRHEF R —MEPAL TR (RS 8 Erh, RITE% HXMER) . MmERA]
HRREE EREEH SX M EE N T REEAESE, XRERERINNBOEERINL RN
Mo TH., BATATLARIFIHER RGN T ASRERAEAL R 5

« ELHHFEENSHIRE TERFE. FEMFERE R RIHEF B TR
ZRE, P, RTRBFNDEREOLRAR ., TEVENRNFER (REREU
W NI, REXBRIBRFEREEERRGE, MARRD “RiENL" %
R o

HFEE

BAWESR 2 ZELNB T WMHEFELZ . BASIFRIAER FELE 6(n" IR 7 N
HETR. (BR, B THNEERIFRRR, NT/IMERA, BAHRFE—MAEEROOEIHEF
BE(EMZ—TF, mRRABATNEFENM TRTECF IR EEERA SN, NIFRHEF
B LR R (in place) ) o JIHHEFFA EFHENEEITHIE] O(nlgn), {HERTERM MERGE i
BHARRFN.

EX—EOH, BIMENERMFHFEE, TSR ERRL. 8 6 TR H#%
HERF, XR—Fh O(nlgn) RO HEF R . EERT —MENCUENERRIESR, HRw]
FARSEIIERAS

7 ENBRERF, BHURE-MEIHFESE, ERMELETHRIE 0(«"). RiER
BB BITNIALY O(nlgn), TEAESCRRR @R ELEREFR . SEARIFRM, PEEFAR
RER, R EHREHFRRER/ N RESFEAFAMARRE AR,

BAHERF . R EHEE R R R B R BT R TR TR
BIERBEMABHNERFRF . 5 8 EEENA T RRAER, ] RRIT R H P Bkr s
RE/RR. EFIDRIRR, RATILUESMER LB SEEHER » PN ITRRIMELB T EIRY
THRX Qnlgn), MIMIERAHEHERFAAHHEF R R IR EHEF S

F8EETRRRT : WRBIHBREZINITERIEMAFIIEFRFOEER, $F
HTREFTHE Q(nlgn)B TR B, HEHIFREERERMATENESERSE0, 1, -, RN,
BB FARA RS IV OHEARRT IR PR TR, HEHEEF AT 0(k+n) KBTRINKE 2 NMEHRT
Fro Bk, % E=0(n), HEHFREENETNESMARANIRELE X R, FHIb—FHE
KHRERF AR, FTUARY R BHE R EREE. WRE o MEMEHTHF,
BNERE dA8E, HFESMEFETRER L ME, IPAERHEIFRE L 0(d(ntk)) R EH
SERHEFF TR, % d REHE k=0, EHHFHRBITREBRLMEN. 5 8 ENANE=
FMEERFHFE D, ERE TR ARARRIEOREERS . MTHFXIE, 1)NARMEL
SAE n MR, ARHEFFEOTAESLETTIEY O(n)

TREG TS 2 EE 6~8 ENFHEFEENSTE, H 2 ZoREHFRBEETE
B ST EHE, SIETUSERET0, 1, -, kN NTEEHEF, SMUEER 4 ik
TR, ST EIRER £ ME. N THRHEF, REXRBFREIITXE[0, RIS
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H n NEE. REGRA—FVAH T -FABOEBZETIE, TTRESRIMELBITREIRR. &

28 T HEHER RO E LB TRl BB HRS HBITOHT. (149
" % BB 1T TR/ BB T A
BAHR On?) A(n?)
JAFHER O(nlgn) O(nlgn)
HHER? O(nlgn) —
P HER an?) A(nlgn) ()
HEHET Ak+n) Ok+n)
B Bd(n+k)) 0(d(n+k))
HEHEF On?) O CEH L
IR FF 4t &

— N MREHE | MIFETERERESTE /MO UR, BRITTLEDERA
REHF, RS  MTESREREE  MIFLITE. YARNERABENS A, X
HEREITIEY Qnlgn), BIES 8 EhFERAMEREERE BN TR,

TR 9 F, BAVRR T RMER ARIERERSLE, WrTRIFEO(n) I RINERESE < /N TT
Fo RIMRL T —MBENIED:, HOREIFE R, ERRIMERBTRIEXY 0(+"), (BHZE
THIEG O(n) . BATRSH T —MERERNED:, RIMBBITRIAR On),

GRS

BRX ORI NEH AR B ROBER, E-EENTERETE —EMME R
RIRERIR Frplit, BREHERF . MHEF IR B E BT EREER AR (R C thlE
BT BER AR AR S 5 EHAM AR D TARENLE R . RSt B B ik R B DL 4R A ]
HTE R RIREE AR th H MBS B B et (150
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e e

AT, RITANBH—HHFRE . BHF (heapsort), SEFHF—8E, BARTFH
AR, R EE AR Otnlgn . T SHAMFAR, BARTEARFHR, &
HEPF IR A 2 ML RE . (EMTEHRA AR E RS TR S AR . UL, s
RIS T RATE RIS S PR FE AL S B — P 2%

HHEFFIA T BSOS RHTT . (— AR MR SR T (S RS, %
AAURERHRF S, TR ST ARG, ERENEH T, RIEEERE
ks A, |

BARE— AR RN, BRENEEENE N LRREEENE”, I Java
A Lisp B & HHFE M. BIA—T, RIVBEFIER SRR, I AR EMHA,
REW R, HOBRBIARLEHN, TAREIIIER.

6.1
A 6-1 P, (ZX)ER—IHH, ETUEER—MEMNTEL2-XH (L B.5.3 %),
B LB — IS AN BAFH—NTR. RTRERS, ZWETERAHN, MERNERSE
HER., FRENRAEABEFRNBYE: A lengthGEE) B HBATENNE, A heap-size FiR
HEDMETRMAEREE D, WS, B ALL. A lngth )7 SEBAEA SO, ERA
A[1..A. heap-size | PHEBHBERERITTE, XB, 0<{A. heap-size<<A. length, WHBRE S
All], XEB/E—NEEN TR, RIBEGHEBIATHRER . EEFHEEFHTIR:

PARENT (7)
1 return |i/2]

LEFT ()
1 return 2:

RIGHT (?)
1 return 2i+1

1 2 345 6 7 8910

(b

6-1 LA ZXWADFAERBRAK — T BARE. 5404~ HE SR
REFFHEOERE. SR ETHRFREERATHEMM TR, ALY
MTHARELZBRORL-TFRE: KERSREENETERNENL,
BRERER 3, Tink 4(ER OKERKFEENR 1
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EREZHHBEHL, B | WELEB—AL, LEFT SBT UE—FHSRIESE 20, RA
77k, 7 RIGHT SR il LUK i EER 1 AFERAm 1, SRt Bas 2i+1,
ZTF PARENT &7, WA LLESIE  WEAS 1 A HE2L/2] EREFRFHIAT, X
=ARPOE R RHRE PR R BT XL BR
ZIOEAT LG ARMIER . BIACEMB/NE. EXFMHAET, FHRNERENERGER,
H—Legi g XMHFTER. ERXET, RXBEREEHRTRUSMITELE R BEWRE
A[PARENT()] > A[{]
RN, RMANEZS SR —HR. Bit, EPRRRTRERERSE P 3
B, EE—FH+, RTHICSHIEERANEBARATRTRREINE. RIMERHALT;
RIEFHR: RABIERREER T RUSMIPTH LR ( 86H
A[PARENT(i)] < A[i]
B/MEF BN TR BAERE R
TEEHFAE T, RIOVEAGRBAME, B/NEEFFATHERNAS, 6.5, RA]
SEREWHE . X TRMEEHAARNE, RIODFAARTENREREERE/NE; THH—
JREEBRE S TRAEME S TR/MER R, AR X —Z7.
IFHEHER R — A, RATE L — M P 45 R T B0 048 R B M 468 kU K ] 2 B
B EAREE; HEMRATAT LA B BRSO KR . BER— & n ANTTHBAA LA
BR—RELIN, MATRNRER 0(gn) (4 6.1-2). RITEKM, MREH EK—L
EARRERETHEZES SWINREREL, BEZERER Olgn). EFEHFHATI T,
RATEN B — L EAT R, FULI T FEHE P SR ARG BAS R EAIT
* MAX-HEAPIFY 78 . HAfESEREN Olgn), EREF IR KE.
* BUILD-MAX-HEAP 7. RALMEMNEIZRE, DEENTR HMALERATHE
— MR

* HEAPSORT i#2: HHEEEHKER Onlgn), RERM —MHAMITHRIHTF.

* MAX-HEAP-INSERT, HEAP-EXTRACT-MAX, HEAP-INCREASE-KEY #l HEAP-MAXIMUM
TR WEEREN OUgn), DIRERFF%ELIA—MESAF.

%3

6.1-1 ZEFEEN LS, TEMESHELSHFNRED?

6.1-2 iEHH: & n NITEREMNEE R 1gnl,

6.1-3 iEB]. EBKENE—FHD, ZFRIEEHEATERAEXFRIRE S L.

6.14 BEF—NTBEIENHATEEIHEE, B2RERB/NITCER A TERE?

6.1-5 — A EHITFF AR B/NED?

6.1-6 {EH(23, 17, 14, 6, 13, 10, 1, 5, 7, 12)M¥ER— BRI

6.1-7 EH:. HABARTFEME n NIRRT, HER TR MNEL/2]4+1, [n/2]42, -, n,

6.2 4RI

MAX-HEAPIFY 2 TP B AEEFENEELRE., EHBAN—IHE AF—ITiri.
78 MAX-HEAPIFY A&, RAVEERSS SN LEFTG) M RIGHTG) = XU EB R R AcHE,
Bixe ALJETR/NFRET, SHREYE TRAENER. MAX-HEAPIFY #itik ALJKE
ERREPBRTRE",<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>