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1. {028

1.1, R E N

—Fh SR I S P T 85

GAAE (DU std::string) #BEILIES, HIMA container::iterator
c.begin() JE[A “EIEIRES: JEAIFFL

c.end() IR[F] “EFIERAY: 5MEE (off-the-end) [V E
EHE R IEREERR— DG IFX ] [begin, end)

begin end

\ i

Past-the-last element
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1. 1%1C28

1.1. 3512 E T

HAEPTE B el % std::vector BUENAHIXFEIESAZ . SZHFH TR AL,
o FEFR, XM, MR-

PUHRERT: PR THREG WRIEE B BT RE, ERRISERAAT L iter 2T
R BTSN T —E,
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1. 1X128

1.2, X2 EAIRE

FE IR RES RN S R DA N A

it @ JRA it Prdgmp T RS H

it->mem : ZFEOTT (*it).mem
+it, ite+ OB it BT
itl == it2, itl != it2 : K itl Ml i E5EAHEENAE,
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1. 3%C23
123851 (Iterator categories)
MR AR AR RN TIR B R EUR T IX N A B P

e ForwardIterator gij[AIERES: XFFFHATRIE,

o Bidirectionallterator XX[AIEfCES: FERTAIEMRASHYFAL IO SZFKF —-it F it--

e RandomAccesslIterator BEHLIGRIERES . TERAIERESHY R Fid i?#ﬁ?ﬁ)é’éﬂljid\bhix (K
VSEi=t30)

O it+n,n+it,it-n,it+=n, it -=n, it[n], itl - it2, <, <=, >, >=
O std::string::iterator Fl std::vector<T>::iterator &R EREALII LIRS

BEH TIN] AR DALY — Ry ds, HOEARZE 1, 2RIV RIERES,

PR B A b ForwardIterator BEAKZT Inputlterator , PANFFRRT Outputlterator .
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1. IE1%2%

1.4. M\iE 23 SEE#IaE

std: :string AN R ZEARAEB X R — TMIEAEE BRI :

e N
std::vector<char> v = {'a"', , , , , , , , };
std::vector v2(v.begin() + 2, v.end() - 3); // {'c', 'd", 'e", 'f'}
std::string s(v.begin(), v.end()); // "abcdefghi"

- Y

o CTAD [FIFERERIEIER . v2 MIZRAUE std::vector<char> , XHPIITLZEEM char ERIBIAITIRALAYIE
FRASHERT LR,
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1.1 51C23
1.5. EFSeE/Y for 1540

HTVEERY for BRI 2 HIRMCANE

-

std: :vector<int> v = something();

for (auto x : v) {
do_something_with(x);

}

std: :vector<int> v = something();
{
auto begin = v.begin();
auto end = v.end();
for (; begin != end; +tbegin) {
do_something_with(*begin);

}
.
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2. fRERERE

T 252 — M IEARZRRVEH [begin, end)

std::sort(a, a + N); // a RlgE’—1NE4A
std::copy(v.begin(), v.end(), a); // v AIEE@—" std::vector<...>

T o_n JEREVEKEUE A [begin, begin + n)

4 N

class Dynarray {
public:
Dynarray(const Dynarray &other)
: m_length{other.size()}, m_storage{new int[other.size()]} {
std::copy_n(other.m_storage, other.size(), m_storage);
}
Dynarra(std::size_t n, int x) : m_length{n}, m_storage{new int[n]} {
std::fill_n(m_storage, m_length, x);

} ()

1.
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2. fRERERE

A RES RN E

auto pos = std::find(v.begin(), v.end(), val); // pos #&M val F—RHIMAUE
auto maxPos = std::max_element(v.begin(), v.end()); // maxPos EMEFEAERENMIE

RO LA R AR ER, LA

e std::sort %52 RandomAccesslterator, FHH™HE,
o std::copy AL Inputlterator fENHTM N2, ZKHE =120 Outputlterator ,

A TERARAER, Hed

o std::sort EORITTEFMES < BELF,
® std::equal FORTTERBAEER = R,
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2. InEERE

2.1. AN E B

P ERTRA N ZIBRAR BRI FRAMEA ERNARE S R IR A AR IE AL )
{5140,  std::copy(begin, end, dest) H2EHITER, HIFAMAIHHATTR!

4 N

std::vector<int> a = someValues();

std: :vector<int> b(a.size());

std: :vector<int> c{};

std::copy(a.begin(), a.end(), b.begin()); // IEHs
std::copy(a.begin(), a.end(), c.begin()); // KRENXITH!

- J

FAPEM AR REERC RS ERY » MRERE T2 AFESHE, 2K fitert+ = x Z c.push_back(x)

{ std::copy(a.begin(), a.end(), std::back_inserter(c)); // XE8 LK
3/ 36
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2. FREEREE

2.2, —ERRNRE

o NMEXFAH: count, find, find_end, find_first of, search &

o BXFH: copy, fill, reverse, unique 55

o W, fHERE. VHFE: partition, sort, nth_element, merge F

o —/&FR:  Llower_bound, upper_bound, binary_search, equal_range

o HEFHIZ: make_heap, push_heap, pop_heap, sort_heap SF

o R/NEEH: min/max, min_element/max_element, equal, lexicographical_compare %
HEIzHE (<numer|c>) accumulate, inner_product <
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2. fRERERE

2.3. i8iA (Predicate)
2 REIEEZ —E1A (predicate) , BI—MMR[E bool AYRJIAFHNTE, RIEHIFRLIE,

o HENBITRERNBIRBFBINKA < ITEeE:, (EthfRMEE%— 171814 ap BIRRA, H ap(a, b)
KZFa<bo,
O std::sort(begin, end, cmp)
O std::max_element(begin, end, cmp)
e ‘HH if [E 2R R B —1~—JT181A cond , HIRIOMRLE cond(element) HNEMITTZ element,
o std::find_if(b, e, [I(int x) { return x % 2 == 0; }) $REFE—MELK
o std::copy_if(b, e, d, [1(int x) { return x % 2 == 0; }) ¥ IEL
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2. frEREENE

2.4, AIiARAMR

C++ IATEFI XN G HE. REEE. JBN TR T IHAZE operator() MIZSSIIR 5,
Lambda A5 2GRS IR — N EE T operator() U2 I — MZZTHATH 4,

4 N

auto cmp =
[](const std::string &a,
const std::string &b) {
return a.size() < b.size();

b

struct LambdaType_cmp {
bool operator()(const std::string &a,
const std::string &b) {

return a.size() < b.size(); (Js /36

1



3. 4% (Inheritance).
Z7# (Polymorphism)
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3. 47 (Inheritance). Z#& (Polymorphism)

o ZEIE "HIZT: YORAREBIARERIEENE

18 / 36
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3. 4k
o —ANTEIGE—EH NI Gt
o RFEMPA L (BR 7 HNIGEREAIHTIKED B A TR, JCiRRES VIR
O FRAYHIE KB SRS E FH ARG BRI BCR AU AR IER 77, NG Iaa e B SRR
o FREYNTMIREEN T H WA Z G, WIRYEH ACSRAIHTH K%K
o BIL BB URRRERIR B
O FRAA]REHRAR LA H A AN 2 A 17 7] PR H 2 A
O FRABEMEEVIAIL ALK R, BIMEILACRAIH G PREY
m SEBRIAVIEEI R RAE 2 P DAY

*FRARRE RN, XNRiFESE=i “BHERit (Empty Base Optimization, EBO)”,
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3. 4%
3.1. FEBMSE R ER
RS FH KRS BRSO B 2K, IAJE BRI K E CL A B

4 N

class DiscountedItem : public Item {
public:
DiscountedItem(const std::string &name, double price,
int minQ, double discount)
: Item(name, price), m_minQuantity(minQ), m_discount(discount) {}

1
\ 4

A DAERIAGAE A2 B FH AR IS A 38 PR %X
o WIRITHIAH?
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3. 4%
3.1. FEBMSE R ER
RS FH KRS BRSO B 2K, IAJE BRI K E CL A B

4 N

class DiscountedItem : public Item {
public:
DiscountedItem(const std::string &name, double price,
int minQ, double discount)
: Item(name, price), m_minQuantity(minQ), m_discount(discount) {}

1
\ 4

H] DATERTIA{E 112 B8 FH AR R A 15 K 2L
o WNSIZHVEH, W E3hEH IR IE K £
o INRAREAFAEEINGIE R LT, WHREE,

21/ 36
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3. 4%
3.1. FEBMSE R ER
RS FH KRS BRSO B 2K, IAJE BRI K E CL A B

4 N

class DiscountedItem : public Item {
public:
DiscountedItem(const std::string &name, double price,
int minQ, double discount)
: Item(name, price), m_minQuantity(minQ), m_discount(discount) {}

1
\ 4

H] DATERTIA{E 112 B8 FH AR R A 15 K 2L
o WNSIZHVEH, W E3hEH IR IE K £
o INRAREAFAEEINGIE R LT, WHREE,

22 /36

AN I AP D> L/ N~ AL, I DM Tt ZN\NDMMA L DY L/ YH- —Z DAL -



CS100 Tutorial 12 Fall 2025

3. 4k

3.2. FERVMATIERER

WA B LE AT 52 R R 2

o e d AR B 75 W IR 8 PR B B R B, X T & non-trivial destructor fR 5, 1 A

destructor,

o IRJE A FH AR HIATAL BRI R BB AR HIHE 40
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3. Yk

3.3. FERENEH

R RERITHE B RIS

-

class Derived : public Base {
public:

Derived &operator=(const Derived &other) {
Base: :operator=(other);

/] ...

return *this;

}
1

-

Derived(const Derived &other) : Base(other), /* ... */ { /" ... */ }

BRI DRI (CREAT) BIATA7?

24 /36



CS100 Tutorial 12 Fall 2025

3. 4k

3.3. FERYIE D

SR TR RN : JER%K, JFTRE SRR,

o WX MR T AR AR ES, WA implicitly deleted
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3. 4k
3.4. ThEHTE
] B AR

e — P Base * A DIFE[AI— Derived BRI H
o Derived * AJDA[A] Base * ZRAYE
o —/> Base & A] DAGFEZ— Derived BRI FR
o —/ std: :shared/unique_ptr<Base> A PAFRIAI—T Derived ZEAAN S
O std::shared/unique_ptr<Derived> F] PA[A] std::shared/unique_ptr<Base> ZE7U4L
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3. 4k
3.5. BRI
ST IEEAN BRI foo I, TRATTATBEAEE 2R IR BE—ANERA (override),

FATHELE— Base *, Base & BY std::shared/unique_ptr<Base> FIFM foo B}, B] DURIEZIASIAIRIEE L
HRIRRA, T EARHEFFSSRAYE F Base: :foos,

£ F2KH override — N EEREIN, HE4., SEIIZER, constness DAFI A RATABRN ERIESE 2= A,
o IR[EUERALSE MR B FEZRAAE (covariant),

B E override REET: IEIRIFSS B IR E T 2 GENMAE T override
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3. 4k

3.5. EEERER

BR 1 override, A~ELUHEEN 5 3E SO R G R4 B AR i

o [HEELANET, IREBRNERIX SR R EHR,
(Effective C++) 253K 33: JRGigiAtk A& ik 142 %
(Effective C++) 553K 36: HAAEHTE XAKAKTKAY non-virtual X
(Effective C++) 253k 37: HAAEFIE KKK IVERE ZEUE

28 / 36
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3. 4
3.6. diERENFNIHZR A

BT R — PN EREEIHN =0, ERtE— el rREL (pure virtual function),

—NRUTRA TG R ECR AR PR AL, el — TR,
o NHERE XHIZRIEHINR, AREVHICIE X HISLRE RS
* S bR R ART LURA — e X, FEE (Effective C++) 253K 34 (46B2)

29 / 36
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3. 4k
3.6. 4iE R FFNHR
i e BB 2 PR SR SR T A BB B 2K L R — 53 1 LS,

Hk

MR — TR T HA AR KM A override B, XN AREBELIARARBER), XPDEIARZ
MR, TIEPELBIL,

30/ 36
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3. 4k

3.7. B1TEISEBAS (RTTI)

dynamic_cast H A DA “ra) N

o URTEIBTTINA X 4 AL B A5 RE i )

® QH%X%‘EBUJJ dynamic_cast<T*> ;\IBIE]H?TE@‘ dynamic_cast<T&> PH, std::bad_cast FH .
o JEHAEEE, RILFERMIZICH EH 4R ROk e R EM T =,

typeid(x) AJLURENZRIAIN x  (BBSTHZE const M5 IH)E) HIBISEKAEEE

o JEWH if (typeid(*ptr) == typeid(A)) KAWNI T ENZERAESE Ao

https://quick-bench.com/q/E0LS3gJgAHIQKOEmM_6XzkRzEjnE ->

e, RIRFFEIRPGE M RIVASEA, J@E SRE R ERYEREE, TR SEXOR A2
LB RTTL,



https://quick-bench.com/q/E0LS3gJgAHlQK0Em_6XzkRzEjnE
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3. 4k

3.8. 447 RYIHIRI AR

public EAKEERIH “is-a” %2Z: A discounted item is an item.
(BN IR B “is-a” BA R

e Birds can fly. A penguin is a bird.
e Asquare is a rectangle. (BFEERIK S AT DABEEE L, TE/TTEAA] LA,

1% (Effective C++) 453K 32 (1),
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3. 4
3.8. 48 EBYIH RN R

XA public BT =EE?

( class DiscountedItem : public Item {}; }

33/ 36
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3. 4
3.8. 4RI RN IR

{ class DiscountedItem : public Item {}; }

MARHTTRIAR : IXAPHRRTR CRTFRRT) BN,
GNIRKH private kK, NIESN IR AT Z AT, AR TIX— 5 R AT AR R CH I

2 ),
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3. 4
3.8. 4RI RN IR

{ class DiscountedItem : public Item {}; }

MARHTTRIAR : IXAPHRRTR CRTFRRT) BN,
QUERCRH private 42K, MIFESN AR EAATTAZ AT, AR IX— AT R AR T AERR R

o VilRdEAMRAYA R (ARB_EHZ R EFAY)
o [ BFAY (WHEAESHEFEF). ) NEAY

private 27K : B “is-implemented-in-terms-of”, i (Effective C++) %38 38, 39 (&R,
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3. 4
3.8. 4RI RN IR

struct A : B {}; // public inheritance
class C : B {}; // private inheritance

struct 1 class IXE M X HI:

o BRINAYAL T AR public/privates
o BRIANRYAE KT R AR/ public/privates
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