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1. CS100 #HEFIES

Xl  Understand & Practice

AR ETGREHTR, LRI S 25T,

o bBTIRARIZASM: EIRITHIRBE RS2 LU INME, 15 B & N RE M — Slides.
o MAME: BANRIFHREZAIRITREAR, KR ERAGECRSEEZEARRA,
o AR H COAR TR ERtse BT A !
o FHEEHNIE Slides BIEFHR, REALEE
o MIXTHIHA, BAISHESBRPEINGS T, WM SJERIvHE, KR Dr—i&, AJ502%
HAT I — !

75,
1@\

x!'l;qo

e Feel Free~
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2. 1R121H X Review
Overview of Lecture Notes

1. Undefined behavior (GREXATH) -

2. *Integer promotion (CEAEFA) -

3. *Binary number representation (= #il#F /~) : sign-and-
magnitude (J& # ) . one's complement ( & # ) . two's
complement (%MH)

| “« WEE () WRKEBUARROEREE, WS,



https://en.cppreference.com/w/c/language/behavior
https://en.cppreference.com/w/c/language/conversion

CS100 Tutorial 2 Fall 2025
2. 1RTEH X Review
2.1. Undefined Behavior (RTENTTH)

UB FHIERE . BT A (B,

LK) UB fud:
o ATFSREih

o BB HINFIR (esiihiE)
o RSN UastihiE)

8 /60


https://en.cppreference.com/w/c/language/behavior
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2. 1RTEIH X Review
2.1. Undefined Behavior (RTENTTH)

X Undefined Behavior (RENXFTH)

UB WHIIERE : BT AL PR,

X Unspecified Behavior (RigEfTH)

JSEVFMRIEREA LT, BSEEL (JeiEds/F6) AERICFREMTAREARER,
— P HEAE R 2 RESERRENF 2 —1 Unspecified Behavior
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2. 172X Review
2.2. Integer Promption (EEU4EH)

y. v e e e e L1 7 1 A7 11

AR Rank 2147

£t CIEE ™, Rank (F%) RRENBEIEBN—IEAHEE, B0RE 7THEBREEAH (Integer
Promotion) fl15-#% B R (Usual Arithmetic Conversions) H, AR[EIZEA > [A] 40 a] #E 1T 2 20 5%
i,

MR, Rank & X T —PERHEEAR “Iufedt”, Rank mAYERfEF rh “BHog”) Rank fRAYRAEY
ROFEL S B B Rank SRR, RPN AR BCEERIR R, gwifasidid tb e {18 Rank
SROE R R B E RSO AR AL DURia RAE— A " LRI ESESA (common real type)”
SLE R
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2. 1R 21H N Review

e 5EX: Integer Promotion (EERIEFH) > 2¥
Rank /NFELEE T int FEEREHEEA, B
#74 int BY unsigned int FYEFE,

o Example: f£ =, +, -, *, / % R ABHA
t, ERERCE Rank N TRET ine, N2
TR T,

o LM RE: 25 = 8BHMPEALE char
1 unsigned char, ‘EfTHY Rank &/ T int, [t
AR int BEATERRR, KPR B, a = b £
FEAHIELE ((int)a) = ((int)b)o

#include

int main(void){
char a = 251;
unsigned char b = a;

if (a =0b)

printf( );
else

printf( );

return 0;
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https://en.cppreference.com/w/c/language/conversion
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2. IR121H X Review
2.2. Integer Promption
BRI T2 7

o FHH AW (Usual Arithmetic Conversions): ff ZtEARBEFFT, SR DRESEREIR
|, MEHT—RANEXEESR, DR FELE—D “HENESEE (common real type)” A
17, BEIREA R I HEEAREHA—HER 57,

o MHTERIAIE!

o IINSEES (Default Argument Promotions): TERJZESEREL (U0 printf) W, (LB EE
HISEZ 2 ATBOANS R A, BARIRB R A0 int B unsigned int, MIiFEARRHE IR AN
double,

o 40 printf("%d\n", (char)5); SEBR FAZIBZE printf AU —1 int ERBUMME 5,

BARWRIREES? L ERTFEILME MO K £ DR EIERAPE a5,
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2. 172X Review

2.3. Binary Number Representation (Z#HIZiFRT)
THERHIECR =P LAY ERORTA

e Sign-and-Magnitude (JF3)
e One's complement (JZh3)
e Two's complement (#Mg)

“  WANALE SI100B EE Part F7REICE,
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2. IR121H X Review
2.3.1. Sign-and-Magnitude ([&F#3)

Sign (1-bit) Magnitude (7-bits)
smNs A |
- 00101101 =45
Sign bit i :
( ] Wordwis-bit)
0 1 - -
Positive Negative Sign (1-bit) Magnltucf (7-bits)
Magnitude Magnitude f_lj ( ~
10101101 = —45
- J
.
Word (8-bit)
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2. iRXEH X Review
2.3.2. One's complement (/z§3)

Input Binary Number

%
f ]
0 1 1 0 1 1 0 1
| | I I | I I I
VVVVVVVYV &=
(NOT Gates)
1 0 0 1 0 0 1 0
L )

1's Complement
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2. IR1FIH X Review
2.3.3. Two's complement (%M3)

Sign bit 5 Magnitude
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3. Arithmetic Types

Overview of This Section

X—ER I EEANAZ Arithmetic Types (HEAZEAR) - HIHEAKEZH
R P RO 2R 2R

iy
® E'\m

® %‘@'}%E% sizeof
o FRENRE
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https://en.cppreference.com/w/c/language/arithmetic_types
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3. Arithmetic Types

3.1. Boolean, Character, Integer, Floating

“ORH: EREESET, 949 (character) 5 fi/RIE (Boolean) tWAI{E %% (integer), %44k, =
S b XER) R & CJLRRRE,

(signed) unsigned
short (int) short (int) charg_t
float
. . . : long double
(signed) long (int) unsigned long (int)
(signed) long long (int) unsigned long long (int)
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3. Arithmetic Types

3.2. BRIFTEL sizeof

=7

— 32 (LEORHB:
29792694620 = 101100011001010000001011010101104,

==

\1 0

1

1

0]

0

©

1

1

0

0

1

©

1

0

0

0

0

0

0

.r.

one byte

one byte

one byte

one byte
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3. Arithmetic Types
3.2 BBTES sizeof

o RZ¥FE L 1byte = 8 bits,

® sizeof(T) JR[EIZRAY T &5 P71 5%
O sizeof() MIREIZRIUZ size t >, (FLEUHR), HEHUIIATTN %zu:

{ printf( , Sizeof(double)); }

o 5 MinGW XI %zu AR, I int FFEEA %d

—

{ printf( , (int)sizeof(double));
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https://en.cppreference.com/w/c/types/size_t
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3. Arithmetic Types
3.2 BBTES sizeof

FM BN WURE
short 16 bits 16 bits
int 16 bits 32 bits

long 32 bits 32 5k 64 bits
long long 64 bits 64 bits

® sizeof(signed T) == sizeof(unsigned T)
o fRil: sizeof(short) < sizeof(int) < sizeof(long) < sizeof(long long),
o {RA] DAFTENA- SR HE R SR ANFI AL 28 /ABL BYSLEL 2 =
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3. Arithmetic Types

3.3. F=#iRE (Error of floating-points) 0 e —
FATHIE, ARRALRYNETCIAREIRZRRTCRR A G N 277

man: JHAANE, Rk 1/7 HEERE 0.1428571428, Tk

0.142857142857 ** %0 %%, Etﬁﬁ%”':h, ]-/7 E‘l‘u%&‘{&ﬁ%% BEIT&ERAZE, 523 AIIE:

A 0.17,

A, P REBE N — M RO E R RN EOR, STCiR

TR IR R &S, 0.30000000000000004
BN MAg7Z SR ERE 0.1+ 0.2 1= 0 .3, (PR bHZGERE © EEBIWIE, HRR

0.30000000000000004 ) ey
S

© BRI EIEE A BRI OvO
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3. Arithmetic Types

Exercise 1

€ SCRRE midpoint, PR RECHIR BIEATIHYFIME, LR ]
RRGZHORA,

o (HHRIIEREITE 9007199254740993.0 (2%3 + 1) 5 9007199254740993.0
T -E5E,

“ORXIEAEER? BRENET!
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3. Arithmetic Types

Exercise 1

EaN
- N

double midpoint(double a, double b) {
return (a + b) / 2.0;
}

- /

#N5E T B H SRR 9007199254740992.000000 ?

IR E LA HE? ST
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3. Arithmetic Types

Exercise 1: Solution

o HRUERY double i FH 64 NIFFMEEIN: 1 NFFS + 11 (ifE%L
+ 52 N %K

o SLIRKEE N 53 67, HlEZ HAERIEIR 2°3 XN
o HEKHIEEUARBEIFIE!

e 25 1+ 1 =19007199254740993 ¢ & # double ¥ i1 %

7No

o FREIRZEAET!
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3. Arithmetic Types
3.3. FmRZE (Error of floating-points)

FREBORER ArlEEf (inevitable) /Y, {HIRATA] PAEI — L BEETT R IBU/INE RENR 2 KRBT 5
M) -

o HIWHEANE: HH 2] <e We=107%),

4 N

int isZero(double x, double eps = 1e-8) {
return (x < eps) && (x > eps);

}
o %
o JIKHY: M |a — b| < €
4 N

int isEqual(double a, double b) {
return isZero(a - b);

} Ej / 60
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4, Literals (FMH{H)

Overview of this Section

o B ¥H{H (Integer Literals)
o ¥ FH{E (Floating-point Literals)
o F/FFMEIE (Character Literals)

I— iI—
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4. Literals

Overview of this Section

o [ C RIXFAEGIFE B A i e 284,

o FIKFE operators 5 operands A E, A —IXITE,
o f40: int a = 42; double b = 3.14

o a Ml b BYEE I HIZA 47

o 42 5 3.14 KRR 47?
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4. Literals
Overview of this Section
% 4 XFEEEEEREFRERR N Fmifd (literal),

o FHEAZENY, w2 “WMESER E” E (FHEETEE).,
o FHEEANAZR (immutable),

31/60
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4. Literals

4.1. B FmE(E (Integer literals)
Example: 42, 100L, 0LL, 405ul

o 5%%: L (long). Ll (longlong). ul (unsigned long) —45/RFH{EIZE, KNG AREUK,

o HWARERM/NG L 5RE L (W0 WL 8L L), G L EiE,
o JaZkrl G

o HLJEA, PINEAN int,

o #Hi@H int YO, SMKIRPLAC int — long — long long — __int128, # ASZ4F __int128, NXNFHEESK
H—A~ ill-formed (ZRiFEEIR)

o ER: JFAMEME “PAFmEAE”, FlUN -42 BXFHE 42 NA—TTRSIBHES,
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4. Literals
4.1. B FmE(E (Integer literals)
BAFm{EREHE] (Base)

o ;~fill: 0xBAADFOOD. 052, 0b101010 (C23)
o HiZk (KR/NEFAEUK):

S VA i ;1| )
o J\¥E: o
o il ob (B C23 i)
= (WBH: C++ B CH+14 R E SR 0l 7 mEE)
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4. Literals
4.2. Za=mE{E (Floating-point Literals)

o ;_fl: 3.14, 3.14f, 3.14l. 1e8. 3e-8

o G (K/PMEFABUK):

o ERIN: double
o f . float
© L : Llong double

o REATHEHERRZREL

o 4l 1e8 i 108, {HHEKAIZ double MiAE int.
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4. Literals
4.3. FFFFm{E (Character Literals)

Example: 'a'. '\n'. '1'

o £ CHY, KA int; 7E C++H1, AT char,

T T HEIE

FIFFHEAESIE TERNFRERN int, 52RA chars_t (H C23 #2). charl6_t. char32_t. wchar_t (H
Cll i) HIEANDFR,

e ffl: char c = 'a';
o A8& ¢ FHEEE 97, BIFFT 'a' BY ASCII -> 5,
o PRFSH ASCII i Z2 MAATE “Batfh” — A el m —EiE,
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https://en.cppreference.com/w/c/language/ascii
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4. Literals

Exercise 2

BT ¢ (H o NEFFAT 1y 2, ), SREXSMAY
TRUE,

o HIN: BNETFHT o & ¢ IFFFIF, 1THRE N
o fKal DA — P EE 1R |
o i XSMAVEEIE (int)o
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4. Literals

Exercise 2: Solution

- B
int charToInt(char c) {
/] MEBEFHERNNFFH
if (c>= && ¢ <= ) {

return c - s /) BEEE 0" BASCIEFEIN N AYEEEL

} else {
/] MRBMAFRERHFFR, WEEREEHRE—NMFHE (Fla0 -1)
printf( , C);
return -1; // iR[E] -1 FRREIR

}

}
- Y
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4. Literals

Exercise 3

GREARIRILHER getchar () BEEUFAT, A{Afised— MEGUREEL?

e getchar(): Z Ul CppReference ->
o WhnREEME: HHLFEAESH PR E MRS Qe AhHH?
o i FHFR#EFE L SCF <ctype.h> H1 character classification functions
(R REE) >



https://en.cppreference.com/w/c/io/getchar
https://en.cppreference.com/w/c/string/byte#Character_classification
https://en.cppreference.com/w/c/string/byte#Character_classification

5.8 (Operators)
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5. Operators

Overview of this Section

o Precedence (4554 ). Associativity (£5& 7). Order of

Evaluation CGRAENF)
e Bitwise operators ({\ZJZHEFT)

40 / 60
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5. BH
5.1. Precedence (fi%4k) 5 Associativity (&£&14%)

o I REHHEM MaER

o FRIKIN F() + g() * h(Q) RN £O) + (g0 * h(), THE (FO + g()) * h()o
o Gitlh: VEMFEIL eI B/ nmH

o RIXI () - gO) + h(Q) MR (FO - gO) + h(, THE £O - (g0 + h(0))s
e 23K CppReference IBEFHEILI/EEME >
o ZUi[A]#: U Piazza -

41/ 60


https://en.cppreference.com/w/c/language/operator_precedence
https://piazza.com/class/lszwrwj2s8231h/post/17
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5. BH
5.1. Precedence (fi%4k) 5 Associativity (&£&14%)

gt AHR SR B 5541

Za
o Je&hify (Left Associativity): M43
o filgn £() - g() + h() = (fO) - g()) + h()

o fithfs (Right Associativity): ML 24
o BIUNMREIZBERF=: a=b=c
= F—H: a=(b=0¢)

m B b= cERRE D (HZET )

m FE=H: a=b
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5. 28

5.2. Order of Evaluation (CK{E|N=)

o JEWHEE: KRMEIMFESMIAI, &5 MMM,

o WHH: BREFHINAASN, CIESAKZEBI2RATINBIELBCRIENF R AfEER (unspecified)
o FLEERREEMHT L CIEE MEZEIITHIE R EMNIENZIR, B 2IXMEAE AR

43/ 60
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5. 1 BRFT
5.2. Order of Evaluation (CGR{EIF)

o ZHEIMIBIT O - g0 + hO fO - €0 +hO) F, fO. g0+ hO KRBT 21247

o KffE (unspecified),
o RZMEIRICIEREIE X “RIEE™ HIEN; HEHRFE A 2R, W order of evaluation -
CppReference -,

o Bl func(f(), g0), h())

o XH £(). g0+ h() KITHMF FFERTEE,
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https://en.cppreference.com/w/c/language/eval_order
https://en.cppreference.com/w/c/language/eval_order
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5.1 BHF

5.2. Order of Evaluation (R{EIiF)
G PRIAIN A 5 B HIKENTREE, HE]:
o HRBENF—ZLEAME, B

o —MEUFHELRME, H—MEBUXLRE,
NI A RE X470 (undefined behavior),
o B: i= i+ +2 ERBMTA?
o —HIFHIHTER +1 12 +2, TRELMA ¥ ARE AT IFIFERE

= BT 0, EWEKR T 0, mMNEREENEAREE, EitE undefined behavior,
= KLk double pi = 3.14; printf("%d\n", pi); CRELARPULEISE UB)
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5. 1 BRFT
5.2. Order of Evaluation (CGR{EIF)

EHE AT, HE 4 PMEAEWERRENT: & || 2. o

e &5 ||: BEEK(E (short-circuit / minimal evaluation / McCarthy evaluation)
o JEHBEALIREE, HEERC R CMERZINME, MAARIEESA PRI,

o XMz H T cond 7t : f
o JEIHH cond, FARIEHEMIE t 8 f; WENSIRE—,

o ESIZHFRF

o MRIRTTREZANFRIXN, BMESTIEAENEG 1 TRIEXHE,
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5.1 85T

Exercise 4

4 N
int main(void){
int a=1;
int b = (at++, a + 100, a - 10);
}

© BT b ERZD? (ER: BESREREEE
TRIXAHIE)

47 / 60



CS100 Tutorial 2 Fall 2025

5. 28
Exercise 4: Solution
EKZE b= -8!

1. a++: SefliFH a BYE (1), ARG a BN 2
2.a+100: & 2 +100 = 1020 EERBER, KA REE —TRIZ)
3.a-10: IHE 2-10=-8, XEFRE-ITEER, HIHIENEMNMESRIAXME, KES b

FiPA b FI{EZ -8,
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5. 5HTT
5.3. Bitwise Operators ({iiZEFT)

~ &, N |, <<, >, DAREABTRE (compound assignment) &=, |=, A=, <<=, >=

IBERF K il X
~ #Ai4dE (NOT) ~a a MIBALE
& 75 (AND) a&b a5 b MEhSE
) s (OR) alb a5 b BENLEL
= i 78 (XOR) ahtb a5 b RN R

<< K# (Left Shift) a << | a M RN AERE 0 AL
> % (Right Shift) a > i a MGG |
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5.1 B8
5.3. Bitwise Operators ({iiZEFT)
o ~a: ! a (VB —(IEBRIEL,
o {4 10010110_two Ha#%frdE % 01101001_two,
e agb: FHifHAAME a5 b WE i AN 1 INERN 1,
e a|b: FifHE s bE I MEDDNINEEEN 1,
® arb: BB ififE a5 b WE | NARNERN 1,
Bl: a&u1:
e tHE T a 5 wlt“") (eI ASH

n—1 bits

o HEMT a%2 (BEH),
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5.1 BHF

5.3. Bitwise Operators ({iiZEFT)
& a N5 L

® a<<i: 8 a Y HEIN LR i

o a<<1%FMT a*2; —Ma<<iZFHMT a*r2ni
o fEMFS I E T

e a> i: fll a FIHFIN AR i AL

o a>»>1%MTa/2

o Lz B
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5. 28
Exercise 5: WI{A]{8ZIEE%L 22
XN RFATTFFIZE pow FFHFEELREL !

MEEZ—MEIS, BHR *2 15?
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5.1 85T

Exercise 5: #{r[{FE 2"?

E |

e {H 12 int FHIHE,
o FH n KR, IRATRERRE 1w << n. 1l < n F (DUESRERL, FHFRNS
FIHIEEA)
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5.1 85T

Exercise 6

QRAAIERISTCAT S 2EE x BB i hz?

e &ie o, N, NxAEARRELREL, o foEGM (LSB).

-

int test_bit(unsigned x, unsigned i) {

}

// TODO
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5.1 85T

Exercise 6: Solution

p
int test_bit(unsigned x, unsigned i) {
/] B x B% i i, EEFIBhEIRRAL
/] AR5 1 #TRAUSERE, EBZAUNE

return (x >> i) & 1;

-

1% x = 13 (2D 1201), FRATEIRECEE2A7H91E :

o x > 2187 o011 (3EHIN3)

® (x>>2) &115%] o011 & 0001 = o001, R 1,

55/ 60
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5.

BEA

Exercise 7

QUARTRAEL TCAT = B8 x BB i hz?

-

unsigned bit_flip(unsigned x, unsigned i) {
// TODO
}

56 / 60
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5.

BEA

Exercise 7: Solution

QUARTRAEL TCAT = B8 x BB i hz?

-

o

unsigned bit_flip(unsigned x, unsigned i) {
/] SIB—1TRES i i 1 B, ARG5S x #ITHFEHIRE
return x A (1U << i);

)

o 10 << i: BIMSEE 18 i M, GIE—EESE i o 1 B
o x A mask: JEJFEVIRIEBNELSE iV

o MR IMEFRZ 0, Mor1=1 (Bl
o W ifFERE L, M1r1=0 (B

57 / 60
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5. 28
Exercise 8

QAR NTERF S5 B8 x HEREUAZIXTE] [Low, high)?

4 R

unsigned bit_slice(unsigned x, unsigned low, unsigned high) {
// TODO
}

“ PR FEMH Mask!

58 / 60
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5

Exercise 8: Solution

/

unsigned bit_slice(unsigned x, unsigned low, unsigned high) {
/] BIE—1 S, BT RBUEERNXIE
unsigned mask = (1U << (high - low)) - 1;

/] &% x EEMUKENTTRIRRL, ARNARELN

return (x >> low) & mask;
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Good luck and enjoy programming!

AR Slides FHYFFE REIFCIBER =7 Release 1F Piazza b, RIEEE A Release,
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