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9.1.1 FFSEHRRNAE
E—HFI TEESERR, M-

FENER L ASEMIRR:
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9.1.2 ZEMIREG
ZRBE_EHRNRIENS|IANZXEEN:

@ @

@/\ /\
O W@

B FARPIRE M SRIRIT BT S5 S M E L B LR 4514 ?

BIREM S8 2024—2025 PEEEZTHFH  4/32



9.2 —XEHMBIBEZ



—_XEHMNEX

ENX 9.1 (ZXEHM) ZXEHMN (binary search tree, BST)

BLAE—REN, ZAZEE MIMRIZXH:

L BEFRAAT, WEFH EMRBESNKXREFENTIRES
= BAFWARNE, NEFNLAAEERINXEFIIAR
BEa,

2. &. AFHAGHE—R-_XELMN,
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9.2.2 Z X BRI
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o
@)
HERAES: 23,37,45,54, 65,78, 82, 85, 87, 94
—figith, FA—R-XERNNPEEDRIEHE—TERRFI,
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9.3.1 _XEHMIFEMEAN

AtE 9.1: —XREHMLE IRV FHE

BSTNode:
value: 5 RFIERVE, RREFERA/N
left: ¥ A+ 45 RAVIEE
right: 180145 RAVIEE

IXE& root FHITIEE _XEHXMHIIRE R,
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9.3.2 B IR(E
RIEEN 9.1, T NETHRR LTS F2al LK ST

L BEZXEHMAZ, NEHKMK,
2. EZXEHMIAFZE, NERBBERNKBFMIRE REIAR/NK

* %, WEHKMKI.

* HF, RBARERNREFRATELINELANLE, T2 N
FRETH,

* EXT, RIAREXRNABFRATELIEAFANLE, £HFN
FRETI,
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9.3.3 B H A

AtE 9.2: _XEHMNEK

Search(p,z): # p: SHIRER, = ERHIXEF
1 ifp=0 # WA=

return ()
if x = p.value

return p
elseif x < p.value

return Search(p.left, )

else # x > p.value

o NN O G &~ W DN

return Search(p.right, x)
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9.3.4 E I

e \
/\ \
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(23)
* B 65 BFEHIT 3 IAA/NEEER, BHEIN,
* B 86 FEHIT 4 K A/NEEER, BEHEIMN,
—_YXERWINEKREENBIEREN Oh), HPF L AWNSE,
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9.3.5 HARIE
a—1R = R B IEN 7T = 0] DU ST :

L BEZXEHMAE, WEBANTEMNZRERESRIUE,
2. EZXEHMIAFE, NERBBANKBFMIRE RBIAR/)K

* HHE, NEHRMRI, WRARFERRA,
* B/F, mIAEBANKBFMZENMEL AN E, AAEFNLE

IREABEN
* EXT, MBAEBMANKEFMZOWMALRNLE, EAFNE
IREBEN
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9.3.6 IAE A

{715 9.3: X EHFAIIEAN

Insert(p, z): # p: HRIMRER, = BATTER
ifp=0 # R
p < BSTNode(z) # GliZFER
return p
if z = p.value # HEITREERREMVUE, ~EFEERBA
error x B 1F{E

elseif x < p.value

p—

return Insert(p.left, x)

else # x > p.value

O 0 I & U1 B~ W N

return Insert(p.right, x)
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9.3.7 AT B
A Z RMERBANIRERE _X BN,
H. AR5 63,90,70,55, 67,42, 98, 83,10, 45, 58 ¥1& — X &M,
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9.3.8 MIFRERIE

BEMNXEXN ERF—TER, ¥RETHRRINDAZERT X
EHMBYER,

BARE_XEXRN EEREMFRRIITR, WRSEE], MRERK,
&S0, ZERLAFLAER:

1. EEHROSHES, RN,

2. EBRRNERREETN, BEFRORESSRENR0E
5

3. EBMRNESREETN, BATRORESSAENRIE
]

\\\\\
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9.3.9 MIFFIERIERYSE 4 FIEN

&/aZ EMERERIFREE 4 150 ERFRNEREEE
A, MBEFN, i, AAFNIIREREN
A FHNIRERBNEBATE.,

B W (EaFN) LB TRIEIRMIER TS
;%\ ZHVLE EHRBEIRTIT X EFXMNRIIER?

T, | | Ty | FMEREFNESERNTERE (BAFN E&/IEITT

=),
XPTTREME? AEBNERMIFRTREEFTEMT
LREIE?
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9.3.10 (EFZ FWMEITZATTE

AEFH ENRARATEENEFWIIRSE SFE, BEEELAFER
L —BFAE (TBEEhE), BEESBAFER.

IEX T o2 EmEIEMER TEZNNER, RERERERFMENSER
(18R 2),
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9.3.11 BRI 51
5. FAROIMEN X EHRWFRHIEA 80 EflFRT= 90,
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9.3.12 —_ R EHMBIEHINE
_XEHMNHNERNEERES WS ESEEX.

E—HxE, UAEIRFEA, WEN_XERWACRNE, B
MEMAE, FIEEmHILENIER.
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9.3.13 —_ X BV FE TR
“_XEHNEFIBERT (GEARIIENDH) BRI EIERE
N O(logn),
AMEFE—ERMER, EMMEFMER, B%E I sEBibEIRM
1Bin?
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9.3.14 FHZIRRHI
SR, ERSNTREEEBARE R FRINFLE.

(4) T
- (a)  (p)
.| (r)

13 1,

EAFMNZIROIR AR TEFZHRIE
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9.3.15 B # _XEH

BEDZ B o)RFFFEN X ERWMA B FH_XEHWN (self-
balancing binary search tree), EFRIE — XS FER,

TEH-XWERSTENRT, HP AVL RESRRARN. TE

WHBITERLEX T FERAF, EENREREAFNEEZE,
SFTE 4R FERFRENEANEY 1 8, WEFERY, SE

T AFEENSER, SFEAFNTHREEFFE., AVL HINERK.
A MFRIRIERTIB]EZEEZ O(logn),

[ AVL #3150, EWRIFE_XWAEHERM. ZLEN. AAWSE,
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9.3.16 C++ FRIFEEH—X#

C++ X EH X177 E3R, et set. multiset. map Fl
multimap I XPQ1E, FRAKEAS2E (associative container) , EK

TER KRBT AR/NEBIRIE, WA LA EEBRIEN.

H, set fl multiset NTTERBRXEF, T map F multimap AYTT
R HXBFAREKNEMWMRIN —tH (pair),

set Al map FITTENKBFOINEAEZEF, M multiset F multimap
RN P RBEFHEFTTR,

C++ frEFEFIXLES2SAISCU —Ag R A2 259,

—
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9.3.17 REXBZZHVIRIF

2R & il
find ST R | IR EIEEBENREZE, KIWETIR[E] end()
count |FitIoER | IREITTEHIMAIREL
contains| A1t = IREITTZESZ LI

| B A EHEEENEEARTNNE, X
insert | FHATCR | ot 7] map ARIREHEN 2 5 AL

erase  |\MIFRITTER | MIERIEETTE, E(DHHJB,%):"F TITERNUE

2B map 3247, REIGENREFIRERRIE,
[] KEx1A18] QD%%&%ﬁ/xﬁf a8h, MENZERET
AR REREE NRERIRIME
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9.4.1 1a5N4E1T

o). EmgtitEBAES IR (natural language processing,
NLP) F—PEERHEENNT,

PE—BRXAE, Gt 7 201 AE
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9.4.2 TESALEIT: 3L
#include <algorithm>

1

2 #include <iostream>
3 #include <map>

4 #include <string>
5 #include <vector>
6

7 const std::size_t kNumTopWords = 10;
8

9 int main() {

10 std::map<std::string, std::size_t> count_map;
11 std::string wonrd;

12

13 [/ RBANETRIE, FiTHINKRE
14 while (std::cin >> word) {

BIREM S8 2024—2025 FEEHZTHFH] 28 /32



9.4.2 18541t SEW

15 ++count_map[word];

16 }

17

18 [/ WRITERBEMAREHE, BUXRBEHRARFEFHRE

19 std::vector<std::pair<std::string, std::size_t>> count_vec(

20 count_map.begin(), count_map.end());

21 std::sort(count_vec.begin(), count_vec.end(),

22 [J(const auto& a, const auto& b) {

23 return a.second > b.second ||

24 (a.second == b.second && a.first < b.first);
25 })s

26

27 [/ i EB AN =X & S BY B8 17
28 auto end = count_vec.begin() + kNumTopWords;
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9.4.2 18541t SEW

29 for (auto it = count_vec.begin(); it != end; ++it) {

30 std::cout << it->first << ": " << it->second << '\n';

31 }

32 std::cout << "FEIMNEIFHNE: " << count_map.size() << '\n';
33 }
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9.5.1 AN/ NG
o — WERMIES
* “XYEHMNIER. HmA. MIBFRIEME
* " XEHMNAIBER, BHFEE_XEHMN
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