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P HADHIIRE

LEM DA AN, ..., 0] M B[L,...,n], HEP BE—PWNEIKAFINE FHIEAE,

- ERMAPOBISEREATHEES DIE?
- BRMAPDIIBEA N TEFTESDIE?
- ERMATDBIMREATEFTES DIYE?

1 55BA%1 (Priority Queue)
XEFBAFNSHREXREITRNEERSERIR ARG,

Data Structure matters!
BNVENB—ThEIREN -, FELRRENNEERESEZ O(logn),
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EX 1 [—XX4x].
“XMERMRY—NERES, ZEEGAENT, HEH—MRTRIMRERERZRH D
BURRIIIRT ROV FHANA FI B9 — XAEL,

RSN RES

- BN RTHB R, BTITREERNF TR ZXRTRH X,

- TEZXN: AR FER—ENB XA TE X,

- JIFRENTXW: RTRE—F, 8-FEH8R®HN, BERE—ELNHFEHR
IR EE AR — RN L F 5o 289 - XA,
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EiR89es & I eEM —AREVEURE MBI X5, BAIXEMEH—TIMERE.

BATME Y88 %EELEEHH ZE—8 m-ary 8, EIgHI2 “each node has no more than m
children”, BIEBE— M B RE@EE m N FHR.

MEL L, HMN—RTNEWNTUAMIFIRIN:
+ Full m-ary tree.

- Complete m-ary tree.

+ Perfect m-ary tree.
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EX 2 [Full m-ary tree].

A full m-ary tree is an m-ary tree where within each level every node has 0 or m children.

MR, BT TREARHFTR, EAB m M FIR.
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EX 3 [Complete m-ary tree].
A complete m-nary tree is a m-nary tree in which every level, except possibly the last,
is completely filled, and all nodes in the last level are as far left as possible.

BHMER, BT RE—BN, B8—EHEHN, BERE—E LN FEHR I EAN
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EX 4 [Perfect m-ary tree].

A perfect m-nary tree is a m-nary tree in which all interior nodes have two children and
all leaves have the same depth or same level.

i, WAENHFIRBEEFINRE L, HEMBHNFHFRHRE;BE m P FHR.
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gJLAEE:

1. —%# perfect m-nary tree —%E & full m-nary tree, ;2 complete m-nary tree,
2. full m-nary tree 1 complete m-nary tree Z BI& B NIARELR,

BNXHNEXBEIRX!
EL |, %TF complete m-nary tree # perfect m-nary tree, EXHNEXHBEXH, B
BE X

1. ¥complete m-nary treefE X Aperfect m-nary tree,

2. _ERE X F8Icomplete m-nary treefRanearly complete m-nary treez#&almost
complete m-nary tree,
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£33 RREM & R | BIREWIRTE & EithBiE
Full m-ary tree i m X TEM m XA
Complete m-ary tree | JLFZEH) m XA T2 m X
Perfect m-ary tree e m X i m XA

- BPACRREMO T BRI BRI,

- RRUEER, sBHESIAXRE, TEERDY scope BIT], AENIIGUE, EZELE

RELN, TREEENER,
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1 EZXR, $jENRASRSE 2.

3. LT n ARSI BEESL |logn), BEEn -1,
4 B n ATRENF R RS - UNSES (logn).

2 QTR T WIRAREn, BERh, WE: n< X2 =211,
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- EE ALY PRI AR P E A AT TRAAIE F A S BIE L) AR) + 11,
- B0 Al PRI A PRI STFREE Al[L ]
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EX 5 [ERAHE]
—MRAMR I LFZE2HN_XN, B MTRIBEO TR MR v M phv) BED
TRIIERXTREEIRE, Wph) > v, — PRSI FUMERIE:

- Insert(H,x): BJoZ& x BAZHE H &,

+ DeleteMax(H): fIBrRFFIR[EIH H IR ATTE.
- Delete(H,x): fHIBR¥E H HITTE x.

© MakeHeap(A): ¥44A A i — P& KAHE,

B/ )\
52X NEEE s/NERRE, BIEEX S p(v) > v BIERBIN p(v) < v,
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MR—MEPEND REVERRXT AR T IZTLIE?




D BEHIRIE SiftUp

MR—MEPEND REVERRX T R KT IZaT L IE?
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MR—MEPEND REVERRXTT AR T IZTLIE?
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MR—MEPEND REVERRX T R KT IZaT L IE?
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Pp =L SiftUp

8% SiftUp(H, 1)
B HAHD, ... n] M 1~n ZBEHRS]{
W £ HA BERE&EARHENMER
1. done < false
2: if i=1then exit
3. repeat
b pe s
5 if H[i] < H[p] then
6 done <« true
7 else
8 ¥ H[il 0 Hlp]

9: ie7p

10: until doneori=1

YR 3
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O(logn)!
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D (EEHRIE SiftDown

MR—MEPEND REVEEFH R TIZTLIE?
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D (EEHRIE SiftDown

MR—MEPEND REELEFH RN T ZAERE?
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D (EEHRIE SiftDown

MR—MEPEND REVEEFH R TIZTLIE?

BIIRBRANFHRECRER, HEISEEGENME.
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MR—MEPENMTRANERNEF TR T ZONTLE?

RIEBANFTRERER, BESEEENTE,



P &% SiftDown

Hi%: SiftDown(H, 1)
BMA A HL,...,n] M 1~n ZBENRS
W T HA BB RERAENMER

1. done «+ false

2: if 21 > n then exit

3: repeat

4: c«+2i

5 if c < nand H[c + 1] > Hlc] then
6: c+—c+1

7 if H[i] > H[c] then

8 done < true

9: else

10: Z#2 HIi] ® Hc]

11: i+c

12: until doneor2i >n

PR LR
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>c 2 HAl NEFT =R

>c 2 HA A FPR

O(logn)!
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P HIRE-IEA Insert

A7 SiftUp ZEHIVEARFRERES.

- EHERRINIT—,
- BETTE x MEHNKRE.
- FFB SiftUp A% x BN E,

i ,L.é “X%
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&% Insert(H, x)

WA 2B HI, ... n] FIJTE X
Mt W9 H,... o n+1], BEx
Tn—n+1

2: H[n] < x

3. SiftUp(H, n)

O(logn)!
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D) L4t x%
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PERER B — 1 ITE Hi BIEEEE, IJLUA Hinl BREHEREA SiftDown & SiftUp.

&% Delete(H, x)

WA B HA,... n] M1 ~n ZENRS]1
W B HIL,... on— 1], AEE H{
1: x + H[i], H[i] « H[n]
2n+—n—1
3. if i=n+1then exit
4: if x > H[i] then
5 SiftUp(H,1i)
6: else O(log Tl)!
7 SiftDown(H, 1)
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ERE—MRAED, FAE—ERRTR HL, FBER&EAEDTEWABBRRT R,

L. Delete(H)

BWIA: #E HIL, ... n]

Wi FOOEHQO,... n—1], AEA H, ERE H[1
1. x < H[1]
2: Delete(H, 1)
3 return x

O(logn)!
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BT R ZXWIF, HATTLME O(logn) BYBY B N BAHEA MRS AETR
1,

AIRPE—HE?

MR

HF—PEE n MTENEE, BITWESKFFBRE— =t RABKRKBATE, B
EFETTREEALED,

- EAE j M TRNNEERER Ologj). O(nlogn)!

° /L\J\/\ﬁﬁj\n |7—U%, .ﬁt/u\EgHj|@§?ﬂ¥§j§ O(TllOng)o
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P O(n) BJEIEIEZEHE MakeHeap

MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,

D) LSk kF
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P O(n) BJEIEIEZEHE MakeHeap

MF—MIA AL ... ), EEETUBRE—MLFR2H9XH,

RHit, MU ERE CEH TR EER AR,

@)+ bwixz
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P O(n) BJEIEIEZEHE MakeHeap

MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,

@) :4mix?
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MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,

@)+ bwixz
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MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,
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MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,

@)+ bwixz
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MF—MEAALL...,n), EEETUERE—NMLFRLH-RN,

RHit, MU ERE CEE TR ERN AR,

@)+ bwixz
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MF—MIA AL ... ), EEETUBRE—MLFR2H9XH,

RHit, MU ERE CEH TR EER AR,

@)+ bwixz
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P O(n) BJEIEIEZEHE MakeHeap

MF—MIA AL ... ), EEETUBRE—MLFR2H9XH,

RHit, MU ERE CEH TR EER AR,

@) :4mix?
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P O(n) BJEIEIEZEHE MakeHeap

MF—MIA AL ... ), EEETUBRE—MLFR2H9XH,

RHit, MU ERE CEH TR EER AR,

@)+ bwixz
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NF—DEEE AL, ...,n], EEZUEMRE— NI FZEN N,
R, BT URHEERE CEHTEEEER AR,
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8)A MakeHeap

&% MakeHeap(A)
B 84 AL .., n]
Wit 248 AL,... n] ARKHE
1. 14 [n/2]
2: whilei>1do
3: SiftDown(A,1)
4 i+—1—1

@* B T TR

s/ Shanghai Normal University
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- STREAAL,... n TN IFRE2HN_XM, SEN h, NTEi 205, HEH
SiftDown BI=ERBIRIRECN h—i,
- GERRE L BNSERADLTE AR, .. P — 1] b, BTRHTHERIRE RN

h—1 h h i
. i_ sogh—1 __ oh -
.Z(hfl)~2 —212 =2 .Z2i<2n
1i=0 i=1 i=1
- SiftDown FHERBEUREZERRTTRNLE, BEF—IX SiftDown 24T
—IRIEH,
EIE 6.

BX MakeHeap B EIEZE N O(n), £ C(n) F/R SiftDown BIELERIREL, Mn—1 <
C(n) < 4n,
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MAFA IR R — T MR RIE LHIXR):

=AE | EA | HR&EXE
#48 O(n) o(1) Oo(n)
BFEHE | 01) o(n) 0(1)
I O(1) | O(logn) | Of(logn)
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BRAEN—MERCRERHF. EoIZFHRE, MEHMBREXE, BIDEE—1EFE
528

#HHEF HeapSort(A)
WA B4 AL ... n]
Hid: 2 AN, ... n] AR
1. MakeHeap(A)
2: fori < n downto 2 do
3 XAl 5 Al O(nlogn)!
4: SiftDown(A[l,...,j—1],1)

45



P OV E AL ) ) b bt X%

S Shanghai Normal University

- RSEAFIBISEEL S,

- HUREEYE, W Huffman %843,

- B LR REL, W Dijkstra Ei&, Prim &%,
- GUtHE, WRFRAR kML

- RRFHE, NRAEES,
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P RIEREIRLE

MAEFHNVRERZIFE—NEL, BIEE—"n MMETENES S, RULSENTEEN—

NMEE. BMESERET—NMTRENERFNIMR, FESXMMRZE—8. FI11E

NANTRMRIE:

- Find(x) : IR[O] x FRAEENEE TR,

- Union(x,y) : BEE x My IR MESEHN—1MES. NEESRRNERRIE
BIFRRZ —,

BT — m )X Find f Union BIRIEFS 0 5, S SO BE TN REXNES, —D
BANEBMEHRIT—" m X Find f1 Union BYBIEFS 0 EELZR?

51 7.
ERES S ={1,2,3,4,5), ERH TN FNEERG o

Union(1,2); Union(3,4); Find(2); Find(4); Union(2,5)

EE ST NAEE (1,2,5) F 3,4}, FHATTLAR 1,4 KO BIFRRXBENES,

48
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AERMIBEHN— N EEN BB NEBRE, XEATRE—MRMERS o5, B
MNITE p, q 2BER—1MEET, 18ZIERIEN Connected(p, q).

{51 8.
ERES S ={1,2,3,4,5,6,7,8,9}, ERH TN TBRIEFS o

Union(4, 3); Union(3,8); Union(6,5); Union(9, 4); Union(2,1)
FHAMTILAAE Connected(0,7), Connected(8.9), BIEREE—TEEE,
XNI RO LIRELR, FNBILEEERIT:

Union(5,0); Union(7,2); Union(6, 1)

1908 Connected(0,7),
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P FMERFIRENNRRE-FARNE

MAFRE
HAFREEERENER, RINTUB—NEA AL ..., RER 0 NTE, Hp
Ali] FRTTE 1 FIENEEITR,

51 9.
HF—PNAERZNES 1:{1,7,10,11}, 3:{2,3,5,6}, 8:{4,8,9}, HATTUXRRA:

[1]2]3]4[5]6]7[8[9[10[1]]

Afl: [1]3]3]8]3]3]1]8]8]1]1]
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Union 5 Find
+ Find(x): &[E Alx],
+ Union(x,y): BABERN AX] BE ALl EA Ay

Shanghai Normal University

ZSoR /A?xﬂzj:

- Find(x) FrEfYad(E: O(1).
-+ Union(x,y) FAEMETE: O(n).

ELHIT—"m X Find # Union 5B 8VRERS o EE0(mn)BIETE,

bt k%
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AN
WERNE, BB NMESH—BMXETR, ERAAEESNIRR, BDITER x BB —MEE
BEREXTE px), MBHRUESEE. XF—MERE—1ITE x, HAMER root(x)
FRER, ERMB I UREARERR, BIENTE x WRTRA Alk], MRTHRIR
T=RA 0,

1 10.
JHF—PARERES 1:{1,7,10,11}, 3:{2,3,5,6}, 8:{4,8,9}, AT LURRA:

e e [1]2]3]4]5]6]7[8]9[10][11]
®®O® @ (9 4 CEOEEEEE]T
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Union 5 Find
-+ Find(x): IRMEFEHEZIRT R root(x).
-+ Union(x,y): ¥ root(x) BIFEEFEM root(y).

@) :4mix?

Shanghai Normal University

253 n KIgMEIE,

- Find(x) FFEHIESE: O(n).
+ Union(x,y) FAEMETE: O(n).

EHIT—"m X Find # Union SB&8VRERS o EE0(mn)BIETE,
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P Union IEN/R

T n DITRERER, ZETE—MEEF:

Union(1,2); Union(2,3);...; Union(n —1,n)

D) LSk kF

N’ Shanghai Normal University

LEBIRRIGRY T 885k, MMZ/EE98IR Find &IFEIEZE O(n) B9BY1E),

56



P SOHETTE- AT @) sk

s/ Shanghai Normal University

MNERBIFRILIEER], 2FRXNEA, HNFREFANNSE, MEETTmHE.

EBEATET = x 5| Arank(x) 898

< PIRREN TR x R rank(x) =0,
- HHIT Union(x,y), R x 5y 89 rank:
o rank(x) < rank(y), ¥ x HRFRIEMD y.
o rank(x) > rank(y), ¥ y IR T RIEM x.
o Tank(x) =rank(y), ¥ x WRTRIEE y, FE rank(y) + rank(y) + L,
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FEMRESET R x HELEWNSE,

5|32 11.
AERTRERIINPOTREMEEDE 2monkk),

MM n RBFGE,

- Find(x) PFEI9EE: O(logn).
+ Union(x,y) Fr78Y8YME: O(logn).

FUEHIT—"m X Find A Union JB&BYRIEFES 0 FEO(mlogn)898YE,
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D H— B UOH-IRIREYE
R

BERMNELBIHRNBEHE TS E, EFEXL L Union 5 Find BFEEHNHR
KOMTRONE, AENTLOE—FEFHREZ, R x BRTRVBELOMETR
HRTREERRTR.
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REHNCELEBIHNBRIOETINSE, BFXL LA Union 5 Find BEFER(IFHR
KOMTRONE, RN TLOE—FEFEREZ, B x BRTRUBELOMETR
HRTREERRTR. Toot
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REBMNELEIMIBEIETINNEE, BEX EFE Union 5 Find BIEEHNHR
KOMETFREUE, RUFENTOE—FEHERE, B x ARTRNEE ENAET R
R REREERT A, root
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REHNCELEBIHNBRIOETINSE, BFXL LA Union 5 Find BEFER(IFHR
KOMTRONE, RN TLOE—FEFEREZ, B x BRTRUBELOMETR
HRTREERRTR. Toot
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RERMNELEIHMNBRIOGETHISE, BFX LA Union 5 Find BIEBEHNHR
KOMTRONE, RENTLOE—FEEREZ, B x BIRTROBELOMETR
BRI REFERRTI root

IR ESE o] LAE Find B 5%,
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P BREEGE NEA Find

&% Find(x)
BA: TR x
W root(x)
Ty« x
2: while p(y) # null do
3 y<ply
4 root <y, y<x
- while p(y) # null do

5

& wply)
7. p(y) < Toot
8 Yy w

9

. return root

btk

Shanghai Normal University
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&% Union(x,y)

BA: TR,y

Bl 828 x, y NRERNEFH
1. u + Find(x), v « Find(y)
2: if rank(u) < rank(v) then

3: p(u) «v

4: if rank(u) = rank(v) then
5: rank(v) < rank(v) +1
6. else

7: pv) < u
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A ARLE HIFMRENIERR, B %REYE S o] LURIEEAS 3.3.4,

EIE 12.
EEZRELETHNIIWE, m D Find 5 Union BENFFIFENIZITIER O
mlog*n), XE log* BIENXA:

n<l1

log"n =
1+1log*(logn) n>1

log* B/

n log* n
P log" IEMBBEAME T
65536 4
265536 5
REFNE, TLUEBRAFEE MBS E!
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ZNSEIANES
3
o HERIEE.
o HERIFRUSIIN, BUEEHE,
o WHINA, HHFF.
- AEREIREEN

o AMERHIEEBI.
o MERHIEEMIIII, IHMEF, BEESE.

D}

btk
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